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Since the publication of the first edition, there has been continued progression 
in the field of cardiac CT angiography (CCTA). The CT hardware and soft-
ware currently has improved the image quality with less radiation and faster 
workflows. Hundreds of peer-reviewed publications solidly support the use of 
CCTA in many clinical situations.

The book has expanded in the second edition with many outstanding col-
leagues contributing additional new chapters:

Drs. Alain Vlassenbroek, Mani Vembar, and Michael Grass: Innovations in 
Cardiac CTA

Dr. Dianna Bardo: Pediatric CCTA
Drs. Christopher Brown and Charles White: CCTA Extracardiac Findings
Dr. Constantino Peña: CCTA in the Emergency Department
Drs. Lohendran Baskaran, Christopher Zarins, and James K. Min: CT 

Fractional Flow Reserve (CT-FFR)
Dr. Tariq Hameed: CT for TAVR Planning
Dr. Alex Llanos: A Cardiac Interventionist Perspective to CCTA
Dr. Daniel Weitz: CCTA for Electrophysiology (EP) Planning

The chapters on coronary anatomy, coronary artery disease, coronary 
intervention, and surgical revascularization have been revised and updated, 
and additional interesting cases for review have been added to help the reader.

As in the first edition, this book has been created to be an easy to review 
CCTA atlas with many “Pearls and Pitfalls” in order to help the reader expand 
their knowledge.

In summary, this second edition is expected to be an excellent reference 
guide for radiology and cardiology residents, fellows, and practitioners.

Fort Lauderdale, FL, USA Claudio Smuclovisky, MD

Preface



vii

I am deeply grateful to all the outstanding physicians and Ph.D’s who have 
taken the time from their busy schedule to contribute chapters to the book and 
for sharing their expertise.

I would like to acknowledge and thank Dr. John J. Lee, an internal medi-
cine resident from the University of Miami-Holy Cross Hospital in Fort 
Lauderdale, Florida, for his dedication to this project. In his free time, Dr. Lee 
spent countless hours revising, correcting, formatting new cases, and review-
ing the literature regarding the chapters of coronary anatomy, CAD, PCI, and 
CABG. His tireless efforts expedited the entire project.

Dr. Lee also worked closely with Drs. Llanos and Weitz in the develop-
ment of two new chapters. He also stayed in close contact (stalking) with the 
chapter contributors in order to coordinate the review and submission to our 
editors.

I would also like to thank the outstanding people at Springer, especially 
Ms. Janet Foltin and Ms. Jennifer Schneider, who made this book possible.

Claudio Smuclovisky, MD

Acknowledgements



ix

 1  Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    1
Claudio Smuclovisky

 2  Innovations in Cardiac CTA  . . . . . . . . . . . . . . . . . . . . . . . . . . . .    5
Alain Vlassenbroek, Mani Vembar, and Michael Grass

 3  Coronary Anatomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   31
Claudio Smuclovisky

 4  Pediatric Cardiac CTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   47
Dianna M. E. Bardo

 5  Cardiac CTA of Congenital Coronary and Other Anomalies . . .  109
Claudio Smuclovisky

 6  Cardiac CTA of Coronary Artery Disease . . . . . . . . . . . . . . . . .  137
Claudio Smuclovisky

 7  Cardiac CTA Fractional Flow Reserve . . . . . . . . . . . . . . . . . . . .  203
Lohendran Baskaran, Christopher K. Zarins, and James K. 
Min

 8  Cardiac CTA in the Emergency Department . . . . . . . . . . . . . . .  223
David Lehmkuhl, Constantino S. Pena, and Ricardo C. Cury

 9  Cardiac CTA in the Evaluation of Stents . . . . . . . . . . . . . . . . . .  243
Claudio Smuclovisky

 10  Cardiac CTA in the Evaluation of CABG  . . . . . . . . . . . . . . . . .  271
Claudio Smuclovisky

 11  Extracardiac Findings on Cardiac CTA . . . . . . . . . . . . . . . . . . .  309
Christopher Brown and Charles S. White

 12  Structural Intervention: A Cardiologist’s Perspective  . . . . . . .  351
John J. Lee, Igor F. Palacios, and Alexander Llanos

 13  Cardiac CTA: Electrophysiology . . . . . . . . . . . . . . . . . . . . . . . . .  371
John J. Lee, Rishi Anand, and Daniel Weitz

 14  Transcatheter Aortic Valve Replacement Planning . . . . . . . . . .  381
Tariq A. Hameed

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  431

Contents

https://doi.org/10.1007/978-3-319-66988-5_1
https://doi.org/10.1007/978-3-319-66988-5_1
https://doi.org/10.1007/978-3-319-66988-5_2
https://doi.org/10.1007/978-3-319-66988-5_2
https://doi.org/10.1007/978-3-319-66988-5_3
https://doi.org/10.1007/978-3-319-66988-5_3
https://doi.org/10.1007/978-3-319-66988-5_4
https://doi.org/10.1007/978-3-319-66988-5_4
https://doi.org/10.1007/978-3-319-66988-5_5
https://doi.org/10.1007/978-3-319-66988-5_5
https://doi.org/10.1007/978-3-319-66988-5_6
https://doi.org/10.1007/978-3-319-66988-5_6
https://doi.org/10.1007/978-3-319-66988-5_7
https://doi.org/10.1007/978-3-319-66988-5_7
https://doi.org/10.1007/978-3-319-66988-5_8
https://doi.org/10.1007/978-3-319-66988-5_8
https://doi.org/10.1007/978-3-319-66988-5_9
https://doi.org/10.1007/978-3-319-66988-5_9
https://doi.org/10.1007/978-3-319-66988-5_10
https://doi.org/10.1007/978-3-319-66988-5_10
https://doi.org/10.1007/978-3-319-66988-5_11
https://doi.org/10.1007/978-3-319-66988-5_11
https://doi.org/10.1007/978-3-319-66988-5_12
https://doi.org/10.1007/978-3-319-66988-5_12
https://doi.org/10.1007/978-3-319-66988-5_13
https://doi.org/10.1007/978-3-319-66988-5_13
https://doi.org/10.1007/978-3-319-66988-5_14
https://doi.org/10.1007/978-3-319-66988-5_14


xi

Editor

Claudio Smuclovisky, MD, FACC, FSCCT Department of Radiology, 
Holy Cross Hospital, South Florida Medical Imaging Cardiovascular Institute, 
Fort Lauderdale, FL, USA

Contributors

Rishi Anand, MD Electrophysiology Lab, Department of Cardiology, Holy 
Cross Hospital, Fort Lauderdale, FL, USA

Dianna M.E. Bardo, MD, FSCCT, FNASCI Department of Radiology, 
Phoenix Children’s Hospital, Phoenix, AZ, USA

Lohendran Baskaran, MBBS, BSc Department of Radiology, Dalio 
Institute of Cardiovascular Imaging, New York-Presbyterian Hospital and 
Weill Cornell Medicine, New York, NY, USA

National Heart Centre, Singapore, Singapore

Christopher Brown, MD Department of Radiology, Hahnemann University 
Hospital, Drexel University School of Medicine, Philadelphia, PA, USA

Ricardo C. Cury, MD Department of Radiology, Miami Cardiac and 
Vascular Institute, Baptist Health of South Florida, Miami, FL, USA

Michael Grass, Ph.D Philips Research, Hamburg, Germany

Tariq A. Hameed, MD, FCPS Indiana University School of Medicine and 
Indiana University Health, Indianapolis, IN, USA

John J. Lee, MD Department of Medicine, University of Miami at Holy 
Cross Hospital, Fort Lauderdale, FL, USA

David Lehmkuhl, BS Herbert Wertheim College of Medicine, Florida 
International University, Miami, FL, USA

Alexander Llanos, MD Department of Cardiology, Holy Cross Hospital, 
Jim Morgan Heart and Vascular Research Institute, Fort Lauderdale, FL, 
USA

About the Editor and Contributors



xii

James K. Min, MD Department of Radiology, Dalio Institute of 
Cardiovascular Imaging, New York-Presbyterian Hospital and Weill Cornell 
Medicine, New York, NY, USA

Igor F. Palacios, MD Department of Medicine and Cardiology, 
Massachusetts General Hospital, Boston, MA, USA

Constantino S. Pena, MD Miami Cardiac and Vascular Institute, Baptist 
Hospital, Miami, FL, USA

Mani Vembar, MS Department of CT Clinical Science, Philips Healthcare, 
Cleveland, OH, USA

Alain Vlassenbroek, PhD Department of CT Clinical Science, Philips 
Healthcare, Brussels, Belgium

Daniel Weitz, MD Electrophysiology Lab, Department of Cardiology, Holy 
Cross Hospital, Fort Lauderdale, FL, USA

Charles S. White, MD Department of Diagnostic Radiology, University of 
Maryland, Baltimore, MD, USA

Christopher K. Zarins, MD HeartFlow, Inc., Redwood City, CA, USA

About the Editor and Contributors



1© Springer International Publishing AG 2018 
C. Smuclovisky (ed.), Coronary Artery CTA, https://doi.org/10.1007/978-3-319-66988-5_1

“More powerful than the might of all the armies on Earth is an idea whose time has 
come.” (On résiste à l’invasion des armées; on ne résiste pas à l’invasion des idées.)

Victor Hugo-1852

Introduction

Claudio Smuclovisky

C. Smuclovisky, MD, FACC, FSCCT 
Department of Radiology, Holy Cross Hospital,  
South Florida Medical Imaging Cardiovascular Institute, 
Fort Lauderdale, FL, USA
e-mail: smuclovisky@gmail.com

Cardiac CT angiography (CCTA) has become a 
broadly accepted diagnostic modality in cardiac 
imaging by both the medical community and 
payers. There is an abundance of published peer 
review articles in worldwide journals establish-
ing the clinical value of CCTA in the evaluation 
of congenital and acquired cardiac diseases.

The manufacturers of CT hardware and soft-
ware have made many significant improvements in 
simplifying patient workflow, acquisition, postpro-
cessing, and interpretation of images. CCTAs can 
now be acquired in 1–4 heartbeats with very short 
breath holds. Single beat whole cardiac imaging is 
available as well as sub- millisiviert dose scans.

3-D workstations have become faster, more 
automated and easier to use for image review, 
coronary extraction and analysis. Once the CCTA 
is acquired the data can automatically be uploaded 
to a computer server for pre-processing and thin-
client remote access from a network terminal.

Image quality continues to improve through 
innovations in both hardware and software.

Iterative reconstruction (IR) technology that 
can virtually eliminate noise on the images is now 
available and should be a strong consideration in 
the upgrade or purchase of a CT scanner. The 

major advantage of IR is that it improves both low 
and high contrast, resulting in images with less 
noise, artifact, and better spatial resolution.

It is remarkable that in less than a decade 
CCTA radiation dose has been dramatically 
reduced mainly by the combination of using lower 
Kv technique, axial-prospective acquisition and 
IR. Also, improved CT gantry (speed), x-ray tube, 
collimation and detector design/sensitivity. In our 
CT department, when compared to the various 
CTs performed, CCTAs went from being the 
highest radiation dose study to now among the 
lowest. It is now possible to acquire a CCTA with 
the equivalent radiation dose similar to a two-
view chest radiograph. This second edition 
includes a new chapter on “Innovations in Cardiac 
Multi-Slice Computed Tomography” (Chap. 2).

CT myocardial perfusion and fractional flow 
reserve (FFR-ct) is not yet widely used but holds 
great promise in evaluating myocardial ischemia 
and to further help determine the need for 
revascularization.

A key to a successful CCTA program is to be 
able to integrate CCTA efficiently into the aver-
age busy CT schedule in a timely manner simi-
lar to any other CT angiogram and in which 
greater than 95% of the studies are of high diag-
nostic quality. With experience, the review and 
 interpretation of a study should, in the majority 
of cases, take just a few brief minutes.

Although there is undeniable broad data sup-
porting the use of CCTA in many clinical situa-
tions, no previous imaging technology has ever 
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been under such criticism and skepticism. 
Skeptics continue to argue that CCTA does not 
add clinical value, has excessive false positives, 
provides no myocardial physiology information, 
leads to additional testing, increases costs and 
delivers high radiation. Although the body of lit-
erature, particularly in the last 5 years, largely 
does not support most of the criticism, I feel com-
pelled to answer these questions.

The high sensitivity and negative predictive 
value (95–99%) of CCTA does indeed add clini-
cal value in ruling in or out coronary artery dis-
ease as the possible cause of chest pain, 
particularly in the emergency room setting [1]. 
The specificity and positive predictive value (60–
80%), especially in calcified stenotic appearing 
coronary plaques, is currently the Achilles heel of 
CCTA. This is also true for invasive coronary 
angiography where studies (FAME Trial) [2] have 
shown that up to 20% of 70–90% high-grade ste-
notic plaques by quantitative coronary angiogra-
phy (QCA) were not flow limiting by fractional 
flow reserve (FFR). It is well known that calcified 
plaques on CCTA cause blooming artifact that 
overestimate the degree of luminal stenosis, and 
there is no shame in reporting these plaques 
and/or coronary segments as “indeterminate” 
to cause high-grade stenosis. Intervention, both 
catheter based and surgery, focuses on revascular-
izing myocardial ischemic segments. Myocardial 
ischemia at a cellular level is known to be multi-
factorial with coronary stenosis being among one 
of several causes [3, 4].

CCTA can establish the presence of coronary 
artery disease and help in the risk stratification of the 
patient. The Courage Trial [5, 6] published in 2007 in 
patients with stable angina showed similar long-
term results (cardiac events and death) in patients 
treated with optimal medical therapy (OMT) versus 
OMT + percutaneous coronary intervention (PCI).

In terms of CCTA not providing myocardial 
physiology information, FFR-ct [7] (HeartFlow, 
Inc.) is now FDA approved and holds great prom-
ise in the demonstration of ischemic myocardial 
segments on a CCTA. In Chap. 7, James Min and 
colleagues highlight the clinical value of FFR-ct. 
Myocardial perfusion is also now available and 
can be routinely performed [8].

Although further research is needed in patients 
with a low-intermediate likelihood of coronary 
artery disease, CCTA is a more accurate and effi-
cient alternative noninvasive frontline diagnostic 
test than exercise ECG and SPECT. The increased 
downstream test utilization and subsequent revas-
cularization following a coronary CTA strategy 
may allow for decreased myocardial infarction 
and mortality [9].

The argument of excessive radiation with CCTA 
can no longer be argued since studies can now be 
acquired with sub-millisiviert doses with the use of 
lower Kv techniques and iterative reconstruction. 
When compared with a Tc-99m myocardial perfu-
sion scan with a dose of 15–25 mSv, the CCTA 
dose is in the range of 90% less radiation. I cannot 
recall reading much about the worries and concerns 
about the radiation from nuclear studies that are not 
infrequently performed yearly on patients.

On a personal note, it is interesting to reveal 
that my physician colleagues who have been the 
most vocal against the use of CCTA have been 
among the fastest to arrive at my office for a 
CCTA when “they” or close family members 
have any symptoms of chest pain or concern of 
having obstructive coronary artery disease. These 
even include doctors with nuclear cameras in 
their office! The reader can reach their own con-
clusions, but in my mind this is the most power-
ful testament of the value of CCTA.

Although many robust indications for CCTA 
are appropriate, such as screening patients that 
present to the emergency department with chest 
pain, it is important to remember that coronary 
artery atherosclerosis starts in the first or second 
decade of life. My main focus is cardiovascular 
disease prevention. An adult who presents with 
symptoms of coronary artery disease has undoubt-
edly had the disease for decades. A common first 
symptom of heart disease is sudden death, which 
occurs in one out of four patients. About half of 
the patients do not survive the first myocardial 
infarction (MI). The human tragedy and costs 
worldwide from cardiovascular diseases contin-
ues to rise and is staggering. There is no question 
that the best solution is “prevention” and I am 
convinced that cardiac CT can play a significant 
role.

C. Smuclovisky
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Conventional clinical risk assessment 
(Framingham) is largely inaccurate and strati-
fies incorrectly a large group of patients particu-
larly in the low to intermediate category, which is 
where a large percent of cardiac events occur. 
A less costly calcium score has been shown to be 
an effective test in risk stratification. We know 
that risk modification and pills work to reduce 
cardiovascular events. Thus, it is plain common 
sense to identify those patients at risk as early as 
possible in order to have a positive impact on 
morbidity and mortality outcomes.

Another important goal is to help cardiologists/
interventionists and cardiovascular surgeons make 
better clinical and surgical decisions in the care of 
their patients. First, it has been published [10] in a 
large multicenter trial that up to 60% of patients 
with stable angina undergoing coronary angiogra-
phy have either no disease or mild non-obstructing 
disease. With almost 100% negative predictive 
value of CCTA, the majority of the patients could 
have avoided an invasive procedure. CCTA can also 
help the interventionist focus his practice more on 
performing intervention than diagnostic work. If we 
look today at peripheral vascular intervention, most 
of the procedures involve intervention and not diag-
nostic angiography. CT or MRI angiography is per-
formed prior to diagnose obstructions and 
aneurysms resulting in the intervention being pre-
planned. With the use of CCTA, cardiac interven-
tionists now have the opportunity to do the same.

Second, the coronary angiogram (CA) is essen-
tially a luminogram that does not show the true 
extent of CAD. I have seen many CCTA studies 
with advanced atherosclerotic disease in which the 
coronary angiogram is reported as having “clean 
coronaries.” We have known for decades that non-
stenotic “soft” plaques in the wall (positive wall 
remodeling) can rapidly grow, become stenotic, 
and in a relative short period of time rupture, caus-
ing an acute coronary event [11].

Third, when a CA is performed, the cardiolo-
gist may be essentially “guessing” the true extent 
of CAD. Also, there exists “blind spots” on the 
CA that may be very difficult to identify on stan-
dard projections, particularly short segment ste-
nosis in the ostium of the left main, left anterior 
descending and right coronary arteries. CCTA 

can easily identify these stenotic areas and, if 
needed, provide the appropriate X-ray tube 
angle for CA visualization of the stenosis, thus 
avoiding additional acquisitions or runs.

Fourth, CCTA can demonstrate the location, 
length, and type of plaque (calcified, noncalci-
fied, mixed) in the artery, which provides addi-
tional information for planning treatment.

Fifth, CCTA can demonstrate proximal criti-
cal coronary stenosis that may require catheter or 
surgical intervention as soon as possible. This is 
most noticeable in patients who present to the 
emergency department with chest pain and who 
were determined low to intermediate risk.

I have been teaching cardiac CT courses level 1, 
2, and 3 for 10 years and about half of the partici-
pants are cardiologists. We show a wide variety of 
cases where CCTA correlates perfectly with CA 
and where it does not correlate: what I call “the 
good, the bad and the ugly.” What I emphasize most 
is to look at the CCTA to determine how to use this 
test as a tool to make better clinical decisions.

It is important to emphasize that CCTA is not 
only a coronary CT but rather a cardiac CT. It is a 
mistake to only focus on the coronary anatomy. 
The field of view on the study includes the lungs, 
pleura, pericardium, myocardium, cardiac valves, 
pulmonary vessels, aorta, other mediastinal struc-
tures bones, chest wall, and infradiaphragmatic 
organs. What I tell students is that CCTA is a high-
resolution accurate study as long as it is interpreted 
correctly. There may be many different findings on 
the CCTA that may explain the patient’s symp-
toms: pulmonary embolism, cancer, cardiomyopa-
thy, effusions both pleural and pericardial, aortic 
aneurysm/dissection, and too many others to list 
here. CAD is one of the many causes of chest pain.

In order to serve the best interests of patients, 
a cardiac CT specialist is required to be proficient 
in the proper interpretation of all the structures 
included in the field of view.
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2.1  Introduction

Coronary artery disease (CAD) is one of the lead-
ing causes of death in the western world and 
more than half the people who die from a cardiac 
event have no previous symptoms. Hence, there 
is a clinical need for tools that enable an early and 
accurate diagnosis of CAD. Cardiac computed 
tomography (CT) angiography provides a com-
prehensive anatomic evaluation of the heart. 
Cardiac anatomy and function, coronary plaque, 
and coronary stenoses can be assessed in a single 
study that is acquired within a short breath hold 
over a few heart beats.

The 4-slice CT scanners started an unprece-
dented technological evolution in 1998 but it is 
only with the advent of the 64-slice CT systems in 
2004 that the realm of noninvasive coronary 

imaging became an integrative part of the clinical 
routine. Although image quality and robustness 
had significantly improved compared to the early 
days, several challenges still remained, such as 
radiation dose and limited low contrast  resolution, 
motion artifacts, and the evaluation of coronary 
segments with severe calcifications or coronary 
stents. Today, reduction of radiation exposure is 
still at the forefront of the developments. With the 
introduction of large coverage multi-slice CT 
scanners, prospectively ECG-triggered step-and-
shoot acquisition has become a robust scanning 
mode, with effective doses ranging from 2.7 to 
4.5 mSv [1]. Further significant dose reductions 
have been achieved recently with the introduction 
of advanced iterative reconstruction techniques 
enabling effective patient doses going below 
1.0 mSv with improvements in spatial and con-
trast resolutions [2]. With an increased spatial 
resolution, the evaluation of calcified plaques and 
stents can be significantly improved due to the 
reduced blooming artifacts. An improved low 
contrast enables a better intra-plaque attenuation 
assessment and may help to better identify the 
plaques with the highest risk to rupture. In addi-
tion, new developments have recently taken place 
in the field of cardiac CT image reconstructions to 
improve the temporal resolution and the image 
quality. Motion compensated cardiac reconstruc-
tion incorporates the knowledge of the calculated 
motion vector field within the iterative reconstruc-
tion process to reduce the motion artifacts [3–5].

https://doi.org/10.1007/978-3-319-66988-5_2
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mailto:mani.vembar@philips.com
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With all these significant improvements in 
CT technology over the past 17 years, cardiac 
computed tomography angiography (cardiac 
CTA) has become the preferred noninvasive 
modality for the detection and rule-out of coro-
nary artery disease (CAD), with various multi-
center studies demonstrating robust diagnostic 
accuracy and negative predictive value (NPV) 
[6–8]. However, the hemodynamic significance 
of CAD is unknown [9]. New advanced compu-
tational developments including flow simula-
tions and noninvasive fractional flow reserve 
(FFR-CT) assessment have recently been intro-
duced and are currently evaluated in clinical 
studies. The promising results, combined with 
the new developments in first-pass and dynamic 
CT myocardial perfusion imaging indicate that 
multi-slice CT (MSCT) has a great potential to 
provide comprehensive information regarding 
the hemodynamic relevance of coronary artery 
stenosis. Finally, further improvements in myo-
cardial perfusion, delayed enhancement imag-
ing, and vulnerable plaque detection might be 
anticipated with the new spectral MSCT detec-
tors enabling dual-energy imaging.

Experimental CT designs and applications 
which were proposed a few years ago are now 
part of the current clinical reality. So we can 
anticipate that the current innovations in car-
diac CT could facilitate early, and comprehen-
sive diagnosis of cardiovascular disease in the 
near future.

2.2  Cardiac CT: Requirements 
and CT Technology

Noninvasive cardiac imaging is an extremely 
demanding field and presents a number of clin-
ical challenges. The most critical and challeng-
ing requirement for successful cardiac CT 
imaging is the minimization of motion artifacts 
because the coronary arteries undergo complex 
3D motion during the cardiac cycle. These 
arteries are extremely small, with diameters 
ranging from 5 mm in the proximal sections to 

less than 1 mm distally. As a consequence, 
excellent spatial and temporal resolution 
requirements are prerequisites for CT scanners 
to assess the coronary arteries. In addition, 
they must have adequate and uniform contrast 
enhancement for proper visualization. As the 
scans are performed under a single breath-hold 
condition, the acquisition has to be completed 
in the shortest possible time to avoid any respi-
ratory motion artifacts. Patients are exposed to 
radiation dose and hence dose-reduction tech-
niques need to be employed. The large volume 
of image data generated also presents the user 
with visualization and workflow challenges. 
Lastly, the presence of plaques poses unique 
challenges. Calcified plaques often make it dif-
ficult to visualize the lumen whereas noncalci-
fied plaques demand superior spatial and 
temporal resolution. Cardiac imaging is thus a 
demanding application for CT requiring multi-
parameter optimization.

In the early days, CT scanners were limited 
to scanning the patients in axial (or “step-and-
shoot”) mode with a one-dimensional detection 
system and with a patient translation occurring 
in sequential steps between the scans. A com-
plete set of X-ray attenuation data was acquired 
during an X-ray tube rotation around the sta-
tionary patient, and these projections were used 
to reconstruct cross-sectional images of the 
patient anatomy. The patient table was then 
subsequently positioned to the next axial loca-
tion and the data acquisition repeated. In this 
fan-beam CT configuration, axial slices of the 
object were sequentially acquired and recon-
structed using a well-known mathematical 
technique (2D filtered back projection (2D-
FBP)) [10] and subsequently assembled to 
build the volume. The introduction of spiral 
scanning in 1990 [11, 12] enabled continuous 
data acquisition with simultaneous patient 
translation at a constant speed. Spiral scanning 
provided volumetric acquisitions and enabled 
the reconstruction of overlapping slices leading 
to high-resolution imaging without the need to 
increase the patient dose. The time to cover a 

A. Vlassenbroek et al.
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volume of interest was minimized compared 
to the axial mode, reducing acquisition and 
examination times as well as image artifacts or 
 misregistrations caused by the patient motion 
between the steps. Since then, CT scanners 
have been subject to tremendous technological 
innovations. The most important improvement 
was the stepwise replacement of the one-
dimensional detection system, which consisted 
of one single row of detectors, to two-dimen-
sional large area detectors with a detector array 
consisting of more than a single row of detec-
tors. A dual-slice CT scanner with two rows of 
detectors (CT Twin, Elscint Haifa Israel) had 
already been on the market since 1992 when 
multi-slice CT (MSCT) scanners with four 
rows and 0.5 s gantry rotation times were intro-
duced in 1998 by several manufacturers. The 
technological innovations brought by the 
4-slice scanners subsequently paved the way 
for applications in cardiac imaging [13]. 
Simultaneous acquisition of electrocardiogram 
(ECG) data during spiral CT scanning enabled 
the development of acquisition and reconstruc-
tion techniques specific to cardiac imaging. 
Synchronizing the location of the peak of the 
QRS complex in the ECG with the projection 
data allowed the reconstruction and visualiza-
tion of anatomy at various phases of the cardiac 
cycle, thus making functional imaging possible. 
Breath-hold times of 40 s needed to cover the 
cardiac anatomy, however, still posed a chal-
lenge, causing many patient groups to be 
excluded. To reduce the scan duration and miti-
gate these breath-hold limitations, the number 
of simultaneously acquired slices had to be 
increased. This meant the start of the “slice 
race” which became a phenomenon in the early 
2000s and the use of wider detector arrays 
allowing for faster scanning and for a more 
effective use of the available X-ray flux due to 
the increased cone angle. The increase of the 
number of detector rows was not without conse-
quence. With 2D area detectors and cone-beam 
geometry, a 3D volume had to be reconstructed 
from 2D projection data, which was referred to 

as “cone-beam reconstruction” [14]. It resulted 
in a paradigm shift from two-dimensional (2D-
FBP) to volumetric reconstruction approaches 
(3D-FBP) which required a considerable 
increase in the computer power of the commer-
cially installed scanners to reconstruct the clini-
cal images in an acceptable time. The 3D 
reconstruction techniques were introduced in 
2001 as the basic image reconstruction tech-
nique for the 16 detector row scanners [15–17], 
and further extended to cardiac reconstructions 
[18, 19]. One important benefit of the 3D recon-
structions was their volumetric approach which 
provided overlapping slices leading to high-
resolution imaging even in the axial step-and-
shoot mode. This enabled an improved 
longitudinal resolution in the axial mode simi-
lar to the one achieved in spiral mode. One of 
the consequences of the cone-beam geometry is 
the need to overlap the consecutive shots in the 
axial step-and-shoot mode. This overlap is 
Field-of-View (FOV) dependent and achieved 
by using a table feed smaller than the X-ray 
beam collimation in the axial mode (overlap 
20% at FOV = 25 cm). Consequently, a patient’s 
radiation exposure could increase when the 
acquired FOV increases [20].

Higher temporal resolution was also consid-
ered necessary in the early 2000s and cardiac CT 
was the driving force for the new developments. 
One approach to improving temporal resolution 
in spiral cardiac CT scans is to combine data 
from consecutive cardiac cycles to be used in 
reconstruction thereby improving the temporal 
resolution [18, 19]. Improvements to temporal 
resolution can also be achieved with a reduction 
of the gantry rotation times. One major limitation 
which is associated with faster scanning is the 
required X-ray power which has to be increased 
inversely proportional to the decrease in rotation 
time to arrive at a constant mAs product and to 
keep the image quality at the required level. 
Another major limitation in speeding up the gan-
try rotation is due to the mechanical constraints 
associated with the increased centripetal acceler-
ation ω2R, which is proportional to the square of 

2 Innovations in Cardiac CTA
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the rotation frequency ω and to the radius of rota-
tion R. The typical centripetal acceleration of a 
single-slice CT (SSCT) with a 1 s rotation was 
around 3 g (where g is the acceleration due to 
gravity). The current generation of MSCT 
acquires 256–340 slices simultaneously with an 
extremely fast gantry rotation of (≥0.25 s) and 
the centripetal acceleration is around 40 g [21]. 
To give an order of magnitude, the effective 
weight of the X-ray tube (approx. 40 kg at rest) 
during the rotation is around 1.6 tons. Thus, 
mechanical design has to withstand this very fast 
rotation and the additional forces acting on the 
X-ray tube. In 2005, Siemens introduced the dual 
source CT (DSCT) design in order to improve the 
temporal resolution. DSCT combined two arrays 
of X-ray tube plus detectors that were arranged at 
a 90° angle. With this configuration, the temporal 
resolution was expected to be improved by a fac-
tor of 2 since only 90° of rotation was necessary 
to acquire the 180° of projections which were 
needed to reconstruct the images [22–24]. New 
generations of DSCT have been introduced on 
the market, and this dual tube design is still avail-
able today to perform cardiac imaging.

The modern MSCT scanners accommodate 
nearly a 1000-fold increase in speed over SSCT, 
enabling ultra-fast heart coverage with isotropic 
resolution, potentially making MSCT the modal-
ity of choice for noninvasive coronary artery 
imaging.

2.3  The Cardiac Motion and ECG 
Synchronization

2.3.1  The Cardiac Motion

The coronary arteries are subject to complex 3D 
motion during the cardiac cycle and the suppres-
sion of the associated motion artifacts remains the 
greatest challenge in imaging those vessels with 
MSCT. Early investigations in characterizing cor-
onary artery motion used conventional angiogra-
phy [25] where the motion of the bifurcation 
points between the main coronary arteries and 

their branches were used in modeling the left-
ventricular wall motion and in demonstrating the 
variability of the “rest period” for different coro-
nary arteries at various heart rates [26]. 
Investigations with electron beam CT showed that 
the left anterior descending artery (LAD) moves 
during each cardiac cycle at a rate of 22 mm/s on 
average, and that the velocity can be more than 
3–4 times that value for portions of the right coro-
nary artery (RCA) [27]. Furthermore, the total 
excursion of the artery during the cardiac cycle is 
a distance that can be multiples of its own diame-
ter. More recent MSCT velocity measurements at 
various landmarks along the primary coronary 
arteries showed that this complex 3D motion 
depends not only on the specific coronary artery, 
but also on the location along the course of the 
vessel and patient heart rate [28, 29].

Motion artifacts caused by this complex 3D 
motion can be minimized in MSCT studies by 
limiting image acquisition or reconstruction to 
those parts of the cardiac cycle associated with 
the least motion.

Generally, the two phases of the cardiac cycle 
in which the motion of the coronary arteries is 
minimized are the “end-systolic rest period” dur-
ing the isovolumic relaxation time (IVRT) of the 
myocardium and the “diastasis period” (or “mid/
late-diastole”) which takes place between the 
rapid ventricular filling and the atrial contraction. 
At slow heart rates (<65–70 bpm), the diastasis 
period is the most optimal imaging period. At 
faster heart rates (>70 bpm), the diastasis period 
shrinks, making the end-systolic period the one 
with the least coronary motion [30].

A consequence of this fast, large, and complex 
3D motion is that a high temporal resolution at 
MSCT is not the only requirement to success-
fully image the cardiac vessels; imaging the heart 
during the rest period of the cardiac cycle is also 
a necessity and will lead to an improved visual-
ization of the coronary arteries and of the entire 
cardiac anatomy in general. Thus, both image 
acquisition and reconstruction need to be syn-
chronized with the ECG signal of the patient to 
determine when the quiescent phase occurs.

A. Vlassenbroek et al.
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2.3.2  The Cardiac Physiological 
Phases and the Delay 
Algorithm

Different approaches have been used to deter-
mine specific cardiac phases from the ECG 
signal.

Those techniques use the peak of the QRS 
complex (The R wave) as a reference time 
point in the cardiac cycle. Typical ECG-based 
gating techniques use either a fixed absolute 
delay (i.e., delay offset) or a fixed percentage 
delay to identify when the heart is in a given 
state during the cardiac cycle. The fixed abso-
lute delay refers to the point in time (in ms) 
either after the arrival of the current R wave or 
before the following R wave where the recon-
struction is performed. The percentage delay 
refers to the percentage of the R-R interval 
where the image is reconstructed. However, it 
is well known that the relationship between 
the cardiac phase and the time from the R 
wave varies nonlinearly with the heart rate. 
Additionally, at a slow heart rate, systole 
occupies roughly 1/3 of the cycle and diastole 
2/3. As heart rate increases, systole increases 
and diastole decreases to roughly 50% each of 
the heart cycle. Thus, the reconstruction phase 
(either as a fixed or percentage delay) that is 
optimal at one heart rate may contain motion 
artifacts at a different heart rate, even in the 
same patient. Consequently, using a fixed 
delay (absolute or percentage) is not sufficient 
to allow for these nonlinear variations as this 
approach is not adaptive enough to locate the 
same desired phase on a consistent basis. A 
dynamic model using certain compliance 
parameters to account for the nonproportional 
changes, while providing an estimate of the 
state of the heart irrespective of the variations 
of the heart rate for a given patient, was pro-
posed as an alternative [31, 32]. This model 
assumes that for a reference heart rate, e.g., 
72 bpm, the various phases of the heart cycle 
are known. At this reference, end diastole is 
identified at 0% of the R-R cycle, end-systole 

between 35 and 45% and mid-diastole between 
70 and 80%. As the instantaneous heart rate 
varies from this reference, the model adjusts 
the delay such that the same physiological 
phase can be identified and reconstructed. The 
model uses a combination of percentage delay 
and delay offset components, while also incor-
porating various parameters like the instanta-
neous heart rate, compliance parameters, and 
trigger latency. The compliance parameters 
account for nonproportional change of the var-
ious phases of the cardiac cycle with the varia-
tion of heart rate and thus enable us to capture 
the effects of the heart rate change on the 
duration of systole and diastole. This dynamic 
delay algorithm enables to track a desired 
physiological cardiac phase for a particular 
individual. It is modeled to adapt to the non-
uniform changes in the various phases of the 
cardiac cycle (systole vs. diastole) for a par-
ticular patient as the heart rate changes dynam-
ically during an acquisition (i.e., intra-patient 
variations). However, this model does not 
address the inter-patient variations. The sys-
tolic duration, while less sensitive to the varia-
tions in the heart rate for a particular individual, 
cannot be assumed to be the same for all 
patients. Two ECG synchronization tech-
niques are commonly employed in cardiac CT: 
prospectively ECG-triggered axial scans and 
retrospectively ECG-gated spiral scans.

Finding the cardiac phase during which the 
heart is quasi-stationary to obtain the outmost 
image quality is challenging due to inter-
patient variability. ECG information does not 
always represent the heart motion with ade-
quate accuracy. A simple and efficient tech-
nique has been introduced which is able to 
deliver stable cardiac phases in an automatic 
and patient-specific way. From low-resolution 
four-dimensional data sets, the most stable 
phases are derived by calculating the object 
similarity between subsequent phases in the 
cardiac cycle. This information is used to per-
form optimized high-resolution reconstruc-
tions at phases of little motion [33, 34].

2 Innovations in Cardiac CTA
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2.4  Prospective 
and Retrospective Cardiac 
Synchronizations

2.4.1  Prospective Synchronization: 
The Step-and-Shoot 
Acquisition

The prospective approach is essentially the same 
as that used in electron beam CT (EBCT) [35]. 
Axial scans are initiated via triggers derived pro-
spectively from the ECG signal of the patient 
using a delay subsequent to the arrival of the R 
peak [32]. As described in Sect. 1.2.2, this delay 
is typically calculated to reflect the quiescent 
diastasis phase of the cardiac cycle and is mea-
sured on the base of the average duration of the 
previous cardiac cycles. A partial-angle scan is 
performed, with the patient couch stationary. 
Upon completion of data acquisition, the couch is 
indexed to the next position, and the scan is initi-
ated again via the trigger from the next R wave of 
the ECG signal, and so on (see Fig. 2.1a). For 
image reconstruction, a minimum of half a rota-
tion of the X-ray tube is necessary, plus the fan 
angle (the angle subtended in the transaxial plane 
by the divergent X-ray beam emanating from the 
focal spot of the tube), thus resulting in approxi-
mately 240° partial-angle scans. The temporal 

resolution of this mode of scanning is thus lim-
ited by the rotation time.

In the early days of cardiac CT, the 4-slice 
scanner had a limited temporal resolution due to 
the slow rotation time of 0.5 s. This temporal 
resolution was calculated to be 
0.5 × (240/360) = 333 ms. A cardiac scan with 
full myocardial coverage was typically acquired 
in 20–25 s with a limited longitudinal resolution 
of 2.5–3 mm obtained with nonoverlapping slices 
reconstructed with a 2D-FBP algorithm. The 
detector coverage used for this examination was 
4 × 0.25 cm = 1 cm and the cardiac examination 
required an average of 15 shots. The step-and-
shoot technique, with this poor longitudinal reso-
lution, was thus not suitable for coronary artery 
assessment and was limited to coronary artery 
calcium scoring. In modern MSCT scanners, 
however, the increased coverage of the detection 
systems (8–16 cm), the faster gantry rotations 
(≥0.25 s) and the 3D-FBP have partly removed 
these limitations and the step-and-shoot mode 
has become the preferred mode of acquisition to 
assess the coronary arteries during diastasis for 
patients having a stable heart rate ≤ 65–70 bpm. 
Complete cardiac coverage can be obtained with 
2 shots of a 256-slice scanner rotating in 0.27 s, 
providing submillimeter overlapping slices with 
a temporal resolution of 180 ms.

Fig. 2.1 Illustration of prospectively ECG-triggered 
axial scanning (a) and retrospectively ECG-gated spiral 
scanning (b). (a) Scans are triggered with a prepro-
grammed delay after the arrival of the R peak. The tem-
poral resolution tres is half the scan rotation time (plus the 
fan angle). In case of high heart rates (short tRR) and as a 
result of the latency in advancing the table after an axial 
scan, scans can be acquired at every other cardiac cycle. 
We note the overlap between the successive slabs which 
is required to perform the 3D-cone beam reconstructions. 
(b) Continuous scanning with simultaneous table feed 

with a low pitch factor to ensure sufficient overlap in the 
continuously acquired projection data to facilitate image 
reconstructions at multiple cardiac phases at the same 
longitudinal location. The locations of the individual R 
peaks are stored with the projection data, allowing the 
user to retrospectively reconstruct stacks of overlapping 
images in any physiological phase within the cardiac 
cycle. Standard temporal resolution corresponding to half 
the scan rotation time is achieved, but can be improved by 
combining projection data from multiple cardiac cycles

A. Vlassenbroek et al.
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“Phase tolerance” has been added as an 
acquisition option, allowing a larger scan time 
interval enabling the reconstruction of multiple 
cardiac phases centered around the targeted 
quiet phase with differences up to 5%. In other 
words, when the phase tolerance is turned ON, 
the step-and-shoot projection data centered in 
diastasis (75%) enables the reconstruction of 
any “mid-diastolic” phase between 70 and 80%. 
Of course, this increase in the duration of the 
X-ray irradiation is accompanied with a corre-
sponding increase in radiation dose if the same 
tube current is used.

One of the limitations of prospective ECG 
gating is loss of image quality as a result of 
changes in heart rate or arrhythmia. Because 
each cycle of the study is an independent axial 
acquisition, demarcation lines are often visible 
between the individual steps and may be asso-
ciated with step artifacts in the coronary arter-
ies. The overlap between adjacent slabs, which 
is required by the 3D-FBP reconstructions, can 
be used to perform spatial interpolations in 
order to “mask” these demarcation lines and 
make some of the stair-step artifacts less 
conspicuous.

When an R wave arrives earlier than expected, 
the scan at that particular location may be 
acquired during a non-optimal cardiac phase 
resulting in blurring due to motion [36]. The like-
lihood of artifacts related to arrhythmia is propor-
tional to the number of individual shots needed 
for the cardiac acquisition and is therefore 
inversely related to the detector coverage. 
Algorithms have been incorporated to overcome 
this limitation by recognizing ectopic beats in 
real time and to pause and wait until the next nor-
mal R wave is detected to continue the axial 
scans. In the setting of sustained arrhythmia, 
however, these techniques remain inferior to ret-
rospective ECG gating.

2.4.2  Retrospective Gating: 
The Spiral Acquisition

For coronary CT angiography applications, 
spiral scanning equally provides excellent 

z-axis resolution with fast acquisition and vol-
ume  coverage. The ECG signal is acquired 
simultaneously with the projection data. As the 
location of the R peak is known, the instanta-
neous heart rate during the scan is available. 
This enables the user to retrospectively recon-
struct and visualize the anatomy in multiple 
physiological phases of the cardiac cycle, mak-
ing functional imaging possible. For visualiz-
ing coronary arteries, submillimeter detector 
widths (ranging from 0.5 to 0.625 mm) cou-
pled with low pitch factors (i.e., the ratio of 
the table feed per gantry rotation and the col-
limated slice width used) of 0.1–0.3 are com-
monly used. These low pitch factors ensure 
sufficient overlap in the continuously acquired 
projection data to facilitate image reconstruc-
tions at multiple cardiac phases at the same 
longitudinal location, while accounting for 
the variation of the instantaneous heart rate 
during the acquisition (see Fig. 2.1b). The 
continuous acquisition enables reconstruction 
of overlapping images with excellent longitu-
dinal (z-axis) spatial resolution. In spiral 
scanning, improvement in temporal resolution 
is possible by combining data from consecu-
tive cardiac cycles. This approach is useful 
especially at higher heart rates [37] where the 
diastasis is significantly reduced and the iso-
volumic relaxation time at the end of systole 
may have to be targeted for motion-free imag-
ing. Dedicated cardiac adaptive multicycle (or 
multisegment) 3D cone-beam reconstruction 
techniques have been developed [38–40] that 
provide a significant improvement in the tem-
poral resolution by combining data from as 
many as four cycles (see Fig. 2.2a, b). 
Figure 2.2c illustrates the influence of the pitch 
and the heart rate on the temporal resolution 
if a constant heart rate is assumed with the 
adaptive multicycle reconstruction. For each 
heart rate, an optimum pitch can be derived 
and vice versa to obtain the best compromise 
between the temporal resolution, the spatial 
resolution, and the scan duration and, hence, 
the given dose. If the heart rate is a harmonic 
or subharmonic of the rotation time, a decreased 
temporal resolution is obtained. The resolution 
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Fig. 2.2 The standard temporal resolution obtained in elec-
trocardiogram-gated spiral scans is half the rotation time. (a) 
The circle represents the full data normally collected in one 
rotation of the X-ray source. Using 180°-based reconstruc-
tion approaches, the standard cardiac reconstructions 
obtained by information from one cardiac cycle will have a 
temporal resolution of 135 ms, assuming a 0.27-s rotation 
time. (b) This can be improved by combining projection 
data from consecutive cardiac cycles. For instance, it is pos-
sible to combine data from as many as four cycles, resulting 

in a temporal resolution of 34 ms, as shown here. (c) 
Illustrates the relation between the spiral pitch, heart rate, 
and the temporal resolution with a multicycle reconstruc-
tion. If the heart rate is equal to harmonics of the gantry 
rotation time, the temporal resolution is decreased. The res-
olution becomes worse than half the rotation time if the gat-
ing windows must be enlarged to assure that every voxel 
receives sufficient projection data for the 3D reconstruction. 
This is relevant for very low heart rates and high pitches. 
Note that a constant heart is assumed, without any variation
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becomes worse than half the rotation time if 
the gating windows must be enlarged to 
assure that every voxel receives sufficient 
projection data for the 3D reconstruction. 
This is relevant for very low heart rates and 
high pitches.

With helical scans, the anatomy may be retro-
spectively reconstructed from different cardiac 
phases to compensate for changes in cardiac 
rhythm. The option of ECG editing is available to 
correct errors in ECG triggers due to the presence 
ectopic beats with arrhythmic patients.
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2.5  Radiation Exposure

2.5.1  ECG Dose Modulation

Imaging an organ over multiple physiological 
phases (e.g., over the cardiac cycle) can pro-
vide both anatomical and functional informa-
tion (see Sect. 2.4.2). However, for many 
indications it is only necessary to image and 
expose a single phase. With the step-and-
shoot cardiac techniques, the tube current is 
prospectively  modulated to image only the 
desired phase in an axial scanning mode, thus 
enabling prospectively gated axial cardiac 
scanning during the “quiet” phase of the car-
diac cycle. Step-and-shoot cardiac scans can 
result in a dose savings of up to 80% com-
pared with a retrospectively gated helical 
technique [41], while maintaining optimum 
image quality. In other words, the roentgen 
tube is activated, and imaging is performed 
only during the short interval that is predicted 
to correspond to the quiet phase. In patients 
with a relatively regular cardiac rhythm, step-
and-shoot can provide image quality and 

 diagnostic performance equivalent to that of 
the retrospectively gated helical approach 
(see Fig. 2.3a). Coronary CTA with the step-
and-shoot axial technique can image the entire 
coronary circulation with an average effective 
radiation dose from 2.7 to 4.5 mSv [1, 41].

With retrospective gating, the X-ray tube 
delivers radiation dose during the entire dura-
tion of the spiral scan, making it a very poor 
technique in terms of dose-efficiency. For this 
reason, ECG tube-current modulation was 
made available very early by all manufacturers 
as a dose- reduction mechanism for retrospec-
tively gated helical coronary CTA. This tech-
nique enables to modulate the tube current 
during the acquisition: the tube current is kept 
at the nominal level (100%) during the tar-
geted cardiac quiet phase of interest and is 
reduced to 20% during all other phases of 
the cardiac cycle, still providing sufficient 
image quality for the functional assessment. 
Using this approach, dose savings of up to 
45% can be achieved without compromising 
the image quality in the cardiac quiet phase 
of interest, depending on the heart rate  during 
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the  acquisition (see Fig. 2.3b). Of course, 
tube-current modulation has to be prescribed 
prospectively which means that it suffers, to a 
certain extent, the same weakness as the step-
and-shoot acquisition, in cases of heart rate 
variations or arrhythmia during the scan. In 
that case the peak tube current can be deliv-
ered during a wrong cardiac phase, providing 
noisy images during the quiet cardiac phase. 
Arrhythmia detection is usually available to 
cancel the ECG tube-current modulation for 
the remainder of the acquisition in case an 
irregular beat is detected.

2.5.2  Iterative Reconstructions

The most basic method to reduce radiation dose 
is to reduce the X-ray tube output. However, 
scans performed at lower tube currents and peak 
kilovoltage will have a lower signal-to-noise and 
projection data will appear noisy. Filtered back 
projection algorithms (2D-FBP and 3D-FBP) 
have been the industry standard for CT image 
reconstruction for decades [10]. While it is a very 
fast and fairly robust method, FBP is a subopti-
mal algorithm choice for poorly sampled data or 
for cases where noise overwhelms the projection 
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Fig. 2.3 (a) In patients with a relatively regular cardiac 
rhythm, step-and-shoot can provide image quality and 
diagnostic performance equivalent to that of the retrospec-
tively gated helical approach. In this example, the full pro-
spective axial acquisition delivered a patient dose of 
2.8 mSv and the helical acquisition a dose of 11.9 mSv. 
(Image courtesy of: Dr. John A. Osborne, MD, PhD, 
FACC, State of the Heart Cardiology, Grapevine, TX, 
USA) (b) With retrospective gating during spiral scanning, 
the tube current can be kept at the nominal level (100%) 
during the targeted cardiac phase of interest (in this exam-

ple, the diastolic phase) and can be reduced to 20% during 
all other phases of the cardiac cycle. Using this approach, 
dose savings of up to 45% can be achieved without com-
promising the image quality in the cardiac phase of inter-
est, depending on the heart rate during the acquisition. 
With prospective gating, the tube current is prospectively 
modulated to image only the desired cardiac phase in an 
axial scanning mode. Step-and-shoot cardiac can result in 
a dose savings of up to 80% compared with a retrospec-
tively gated reference helical technique
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signal. Such situations may occur in low dose or 
tube-power-limited acquisitions. Noise in CT 
projection data is dominated by photon count sta-
tistics. As the dose is lowered, the variance in the 
photon count statistics increases disproportion-
ately [42]. When these very high levels of noise 
are propagated through the reconstruction algo-
rithm, the result is an image with significant arti-
facts and high quantum mottle noise. Over time, 
incremental enhancements were made to FBP to 
overcome some of its limitations. These improve-
ments continued until recently, when a com-
pletely different approach to image reconstruction 
was explored through the clinical implementa-
tion of iterative reconstruction (IR) techniques. 
These algorithms differ from FBP methods in 
that the reconstruction becomes an optimization 
process that takes into account the data statistics, 
image statistics, and system models [43]. IR 
algorithms use initial estimates of the voxel 
attenuation to predict projection data. These esti-
mates are then iteratively adjusted to minimize 
the difference between the predicted projection 

data and the measured projection data. The noisi-
est measurements are given low weight in the 
iterative process; therefore, they contribute very 
little to the final image. Hence, IR techniques 
treat noise properly at very low signal levels, and 
consequently reduce the noise and artifacts pres-
ent in the resulting reconstructed image. This 
results in an overall improvement of image qual-
ity at any given dose. With IR techniques, the 
noise can be controlled for high spatial resolution 
reconstructions; hence providing high-quality, 
low contrast, and spatial resolution within the 
same image (see Fig. 2.4). While IR techniques 
have been used for many years in PET and 
SPECT imaging, the sampling density and the 
data set sizes in CT have historically caused IR 
techniques to perform extremely slowly when 
compared to FBP. However, recent innovations in 
hardware design and algorithm optimizations 
have permitted the clinical use of IR technique in 
CT. Recent clinical studies showed that addi-
tional dose reduction can be achieved with IR 
techniques in cardiac imaging [44].

FBP iDose4 IMR

Fig. 2.4 This clinical study provides an example of the 
expected image quality improvement that may be achieved 
with two generations of iterative reconstructions (iDose4 
and IMR, Philips Healthcare, Cleveland, OH, USA). An 
ECG-gated coronary CT angiogram scanned with the step-
and-shoot technique on a Philips iCT at 0.9 mSv (100 kVp, 

110 mAs, 5.2 mGy, 67.1 mGy cm) and reconstruction with 
FBP (left), iDose4 (center), and IMR (right). Study shows 
limited visualization of soft-plaque on FBP. With the latest 
generation of IR (IMR), there is a clear improvement in 
spatial resolution, low contrast, and noise characteristics 
(Image courtesy of: Amakusa Medical Center, Japan)
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2.6  Image Post-processing

The amount of data produced by multidetector CT 
scanners as well as the time needed to review the 
resulting several thousand slices (e.g., 10 recon-
structed cardiac phases with 400 slices each) have 
been continuously increasing, providing a workflow 
and diagnostic challenge to the clinician. Therefore, 
automatic image processing methods became a pre-
requisite to efficiently analyze the large amount of 
image data produced by cardiac CT during cardiac 
exams. Simple image- based segmentation methods 
like global thresholding, region growing, etc. usually 
fail to automatically segment an image because of 
noise, limited resolution, partial volume effect, or 
similar gray-value characteristics of different organs. 
With these methods, user interaction is needed to 

either initiate segmentation, control the progression 
of the algorithm, and/or to correct for segmentation 
errors [45, 46]. This may be time consuming and 
distracts the physician from his/her actual diagnosis. 
To overcome these limitations, sophisticated model-
based methods for a reliable and automatic segmen-
tation of the four cardiac chambers and major 
coronary arteries have been proposed. Shape-
constrained deformable model for heart segmenta-
tion have been described in detail in [47]. These 
algorithms adapt an anatomical model of the heart 
chambers and main trunks of the coronary arteries to 
the MSCT image volume (see Fig. 2.5). They are 
coupled with automated vessel tracking algorithms, 
which provide curved multi-planar reformations of 
the individual coronary arteries, enabling automatic 
measurements, including that of coronary artery 

a

d

b

c

Fig. 2.5 After loading a trained cardiac model, boundar-
ies of the heart are matched to the model, resulting in a 
segmentation of the various anatomic structures of the 
heart (a > d). A triangulated mesh model of the endocar-

dial surfaces of the four cardiac chambers as well as the 
left-ventricular epicardium and short trunks of the major 
vasculature is obtained

2 Innovations in Cardiac CTA



18

area, diameters, and stenosis extent. An important 
application of the model- based methods is the suc-
cessful automatic assessment of the global heart 
function in multiphasic retrospective cardiac studies 
[48]. The geometric heart models resulting from 
segmentation have been increasingly used to guide 
invasive therapeutic procedures. It has been pro-
posed, for instance, to overlay heart models onto live 
fluoroscopy data to support ablation procedures for 
treating atrial fibrillation [49, 50] or stem cell injec-
tion for myocardial repair [51, 52]. For these appli-
cations, a heart model comprising only the four 
chambers and the main coronary arteries is often 
insufficient. It is, for instance, important to extract 
the left atrium and the proximal part of the pulmo-
nary veins to support guidance of ablation proce-
dures for atrial fibrillation treatment. For cardiac 
resynchronization therapy, a heart model including 
the coronary sinus is needed to facilitate implanta-
tion of the pacemaker lead.

2.7  Cardiac MSCT Future 
Directions

2.7.1  Myocardial Perfusion Using 
Cardiac CTA

Noninvasive myocardial perfusion imaging (MPI) 
using single-photon emission computed tomogra-
phy (SPECT) has been the standard-of- care for the 
assessment of physiologic significance of  coronary 
lesions, with studies showing good correlation of 
the infarcted and ischemic burden with long-term 
outcomes thereby aiding in the decision-making 
for medical therapy versus revascularization [53]. 
Magnetic resonance imaging (MRI) has also been 
used for the detection of myocardial regions that 
have a delayed wash-in of contrast which shows 
up as hypo- enhanced regions both under rest and 
pharmacological stress (indicating myocardial 
infarction) or only under stress (reversible defects 
or ischemia). In addition, MRI is also considered 
as the gold standard for the assessment of myocar-
dial regions with a delayed wash-out of contrast, 
wherein imaging performed with a delay of 
5–10 min after administration of contrast could 
show regions of hyper-enhancement indicating 

myocardial scar [54]. The presence of these 
delayed hyper-enhanced regions has been associ-
ated with adverse left-ventricular (LV) remodeling 
[55]. A combined analysis of early- and late-
enhancement regions could provide additional 
information on the tissue viability and functional 
recovery after coronary revascularization [56].

The ability to provide anatomical and physio-
logic information could further expand the role of 
cardiac CT. Depending on the mode of scan 
 performed, a comprehensive assessment of coro-
nary arteries, myocardial perfusion defects, 
regional wall motion, and left-ventricular (LV) 
function can be obtained from a single scan. Such 
a comprehensive exam using CT comprises a 
stress scan, followed by a rest scan and in some 
cases a delayed scan [57–59].

A typical protocol is shown in Fig. 2.6. Patient 
preparation includes avoidance of caffeine for at 
least 12 h prior to the exam and medications such 
as nitroglycerine. Stress is typically induced 
pharmacologically (adenosine) by which blood 
flow is increased in the normal coronary seg-
ments and reduced in the diseased segments, 
causing the heart rate to elevate. The surview 
(scout) is used to plan the scans—typically from 
the carina to the diaphragm. Scans are initiated 
when the contrast reaches a threshold in the 
ascending or descending aorta (determined via a 
test bolus or automated bolus tracking). A vol-
ume of 50–70 cc of contrast is given at the rate of 
5–6 cc/s designed to provide peak contrast 
enhancement in the coronary arteries.

Stress scans are typically performed using the 
conventional helical retrospective-gated tech-
niques, with or without ECG-tube modulation 
(which could provide some radiation dose reduc-
tion). This enables multiple phases to be used for 
functional and perfusion assessment. The avail-
ability of multiple phases also helps to differen-
tiate perfusion defects (which typically show up 
across all phases of the cardiac cycle) from arti-
facts (which may be seen in only one phase and 
may be mistaken for a perfusion defect). The 
selection of the tube voltage (kVp) and the cur-
rent (mA) is based on the body habitus of the 
patient (based either on weight-based or body- 
mass- index [BMI]). The adenosine infusion is 
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given at the rate of 140 μg/kg/min and stopped 
immediately at the conclusion of the scan.

Following the scan, the patient’s vital symp-
toms are monitored while allowing the heart rate 
to return to the baseline in preparation for the rest 
scan. This typically takes 5–10 min. Once the 
heart rate is back to the baseline, beta-blockers 
are administered to lower and stabilize the heart 
rate and sublingual nitroglycerine given to dilate 
the arteries. For the rest scan, prospective-gated 
acquisition is commonly used to reduce radiation 
dose to the patient, with the targeted cardiac 
phase centered at 75% of the R-R cycle, corre-
sponding to ventricular diastasis. For consistency, 
the value of kVp is kept the same as in the stress 
acquisition.

The third scan is a late-enhancement scan per-
formed 7–10 min after the last contrast injection 
(in this case, after the rest scan). This is meant for 
the detection of hyper-enhanced regions (late 
enhancement) that could indicate myocardial 
necrosis [57, 58, 60]. As with the rest scan, pro-
spective gating is used to reduce radiation dose, 
along with the use of a lower kVp (e.g., 100 kVp), 
and a thicker slice for reconstructions (e.g., 2 mm).

For the assessment of perfusion defects from 
all the three scans, images are usually visualized 
in a short-axis orientation. Images are viewed in 

thick slices (e.g., 5 mm) to reduce noise and 
improve contrast resolution. A narrow window 
and level setting is typically used (e.g., window 
of 150–200; level of 100). From the assessment 
of short axis images, it is  possible to distinguish 
reversible defects (hypo-enhanced regions that 
show up only in stress scans) from the fixed 
defects (hypo-enhanced regions that are exhib-
ited in both stress and rest scans). Figure 2.7a, b 
is an example of a short-axis image from a scan 
performed under stress exhibiting hypo-enhanced 
regions in the basal anteroseptal and basal infero-
lateral walls caused by lesions in the proximal 
LAD and LCX. The use of advanced iterative 
reconstructions, such as iterative model recon-
struction (IMR) (Fig. 2.7b), could help reduce 
noise with improved low contrast detectability 
compared to filtered back projection (FBP) 
(Fig. 2.7a). Figure 2.8 is an example of a scan (of 
a different study) taken 7 min after the adminis-
tration of contrast, showing late hyper- 
enhancement in the inferolateral wall indicating 
myocardial necrosis (infarct).

The sequence of the scans (stress followed 
by rest or vice versa) could be determined based 
on the risk factors. For patients with a low like-
lihood of disease, it may be preferable to 
administer beta-blockers, stabilize the heart 
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Fig. 2.6 A typical protocol for stress perfusion using CT
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rate, and  perform a rest scan first. If no disease 
is found, a second scan can be avoided thereby 
resulting in radiation dose savings. On the other 
hand, since a stress scan may be more relevant 
in these exams especially in patients with 
 intermediate likelihood of disease, performing 
this scan first may provide a more accurate 
 assessment of the myocardium by avoiding any 
venous contamination from a prior injection 
used in a rest scan.

The perfusion assessment using cardiac CTA 
provides valuable adjunct information for the 
determination of hemodynamic significance of 
CAD, thus expanding the role of cardiac CTA. 
However, quantification (or semi- quantification) 
of the myocardial blood flow is still lacking since 
it requires a dynamic examination (again, typi-
cally performed under pharmacological stress) 
and the aforementioned scans are performed at a 
single time point. Various preclinical and clinical 
investigations have studied the feasibility of ECG-
triggered dynamic myocardial perfusion (DMP) 
using CT targeting a physiologic cardiac phase 
for imaging over time. Dynamic scans with a nar-
row detector [61–63] require a back-and-forth 
table translation to cover the complete or a signifi-
cant portion of the LV myocardium. Due to the 
lack of coverage, the superior and inferior sec-
tions of the myocardium are imaged at different 
time points which could require the user to employ 
a different arterial input function (AIF) for each 
“slab.” Additionally, these scans are ECG-
triggered and typically performed at higher heart 
rates (75–90 bpm), resulting in a lower temporal 
sampling at a given location which could impact 
quantification of perfusion measurements. Wide 
area detectors remove the need for table move-
ment, allowing the user to program the sampling 

Fig. 2.8 A short-axis representation from a delayed scan 
performed 7 min after the injection of contrast, showing 
late hyper-enhancement of the mid inferolateral portion of 
the myocardium indicating myocardial damage (Image 
courtesy of: Prof. L. Boussel, Hospices Civils de Lyon, 
Lyon, France)

a

b

Fig. 2.7 (a, b) Is an example of a short-axis image from 
a scan performed under stress exhibiting hypo-enhanced 
subendocardial regions in the basal anteroseptal and basal 
inferolateral walls caused by lesions in the proximal LAD 
and LCX. The use of advanced iterative reconstructions, 
such as iterative model reconstruction (IMR) (b) could 
help reduce noise with increased low contrast detectabil-
ity compared to filtered back projection (FBP) (a) (Image 
courtesy of: Drs. G. Colin and B. Ghaye, Clinique univer-
sitaires Saint-Luc (UCL), Brussels, Belgium)
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interval accordingly (i.e., optimize the radiation 
dose) while at the same time providing imaging of 
a more homogenous distribution of contrast 
across the entire LV myocardium [64–68]. The 
quantification of perfusion is further improved 
with the use of elastic registration and temporal 
filtering to reduce anatomical motion and the 
presence of any noise spikes [67, 69]. Prior to the 
dynamic scans, the time corresponding to the 
peak contrast enhancement in the LV is first deter-
mined via a series of time lapse scans; alterna-
tively, it can also be derived from a coronary CTA 
scan if such a scan is performed first as part of the 
overall cardiac exam. Once this is known, ECG- 
triggered dynamic scans can be initiated 5–6 s 
prior to the peak enhancement in order to estab-
lish a series of baseline measurements. By imag-
ing over time and thus capturing the instance of 
the peak enhancement of the left ventricle, any 
reduction (or slow uptake) of blood flow in the 
regions of myocardium (ischemic regions) corre-
sponding to the culprit coronary artery can be 
imaged and quantified. Figure 2.9 is a short-axis 
color-map representation from a DMP CT scan of 
a patient showing reduced peak enhancement in 
the inter-ventricular septum (blue regions) corre-
sponding to a lesion in the mid-LAD.

One of the main drawbacks of the DMP-CT 
scans is the radiation dose. While reduction of 
tube energy and/or current is one obvious 

approach to address this, it can be complemented 
with the use of other innovative techniques. By 
adjusting the temporal sampling or with the use 
of appropriate levels of advanced reconstruction 
techniques (such as iterative approaches), further 
reductions in radiation dose reductions can be 
achieved, as demonstrated in early preclinical 
investigations [64, 70, 71].

2.7.2  Fractional Flow Reserve Using 
CT (FFR-CT)

A newer alternative approach using cardiac CTA to 
determine the hemodynamic significance of a coro-
nary lesion is gaining interest. Traditionally, the 
concept of fractional flow reserve (FFR), which 
represents the ratio of pressure distal to a lesion 
compared to the portion of the artery proximal to 
the lesion (i.e., “normal” section, or aorta) is the 
most commonly accepted approach for the assess-
ment of lesion-specific ischemia—a value of ≤ 0.8 
is considered hemodynamically significant. 
However, FFR is measured in the cath labs, as part 
of an invasive procedure. Recent work has focused 
on extending the role of cardiac CTA beyond anat-
omy for improved clinical decision-making.

Novel approaches (FFR-CT) are being devel-
oped that use the existing cardiac CTA data to 
simulate a drop in pressure in the presence of a 
coronary lesion [72–74]. These approaches are 
computationally intensive but have shown promise 
and good correlation with the gold standard (inva-
sive FFR), making it possible to have a single non-
invasive imaging test that can provide anatomical 
information along with physiology. This capabil-
ity to include physiologic information to anatomy 
could make it possible to identify patients appro-
priate for coronary revascularization.

2.7.3  Motion Analysis 
and Compensation 
in Cardiac CT

The motion of the heart is one of the major 
challenges in cardiac CTA. Diagnostic accu-
racy is decreased when motion artifacts occur 

Fig. 2.9 A color-map representation of a short-axis 
image from a dynamic myocardial perfusion CT scan 
showing regions with low enhancement in the inter- 
ventricular septum (in blue) caused by a lesion in the mid- 
LAD (Image courtesy of: Drs. Armin Huber, Daniela 
Muenzel and Bettina Gramer, Klinikum rechts der Isar der 
Technischen,Universität München, Munich, Germany)
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in reconstructed tomographic images [75]. At 
the same time, knowledge about the cardiac 
motion pattern is an additional source of clini-
cally useful information including, e.g., wall 
motion, ejection fraction, or valve motion [76, 
77]. Novel approaches have been developed to 
address both challenges, functional motion 
analysis and motion artifact reduction, for 
improved anatomic analysis.

There are different approaches to detect and 
calculate motion in cardiac CT data sets. 
These include motion tracking and estimation 
from projection or image sequences [4, 78] or 
combined reconstruction of the image data 
and the motion vector field [79]. While the 
first approaches basically rely on image pro-
cessing techniques like model-based segmen-
tation (see Sect. 2.6) of image registration, the 
latter ones combine image reconstruction and 
optimization methods. All methods have in 
common that they finally aim to deliver a 
dense sampled 3D motion vector field [80] 
describing the temporal shape change of the 
anatomy for the time covered by the image or 
projection sequence. Figure 2.10 shows a sur-
face representation of a heart segmented from 
a multi- phase cardiac CTA data set with a 
motion vector field at a single time point dur-
ing the cardiac cycle displayed as arrows on 
the cardiac surfaces. The direction and length 
of the arrow represent the motion direction 
and strength. The data have been derived from 
a patient data set using model- based segmen-
tation (see [81] for more details).

With this information available, functional 
information of the heart like the motion pattern of 
a coronary artery or the myocardium, temporal 
changes of the chamber volume, wall motion 
abnormalities, or even the motion of the cardiac 
valves can be derived. Using modern image pro-
cessing techniques, the motion vector field can be 
analyzed qualitatively and quantitatively for 
selected cardiac structures.

In addition, the calculated dense motion 
vector fields can be used subsequently in a 
motion compensated cardiac reconstruction 
method. Here, the filtered back projection 
[81–83] or iterative reconstruction [3, 4] 
scheme incorporate the motion vector field 
and thus deliver images with improved tempo-
ral resolution and image quality. The increase 
in image quality and definition of the cardiac 
anatomy will improve image-based diagnosis 
(see Fig. 2.11), while at the same time supple-
menting more sophisticated approaches 
involving advanced image analysis like myo-
cardial perfusion and FFR described earlier.

Fig. 2.10 A surface representation of a heart segmented 
from a multi-phase cardiac CTA data set with a motion 
vector field at a single time point during the cardiac cycle 
(displayed as arrows on the cardiac surfaces). The direc-
tion and length of the arrow represent the motion direction 
and strength
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2.7.4  Cardiac Spectral MSCT

Recent developments in scanner and detector 
technology and modern clinical requirements, 
like quantitative computed tomography and the 
need for tissue classification, have revived inter-
est in spectral computed tomography. The current 
clinical spectral CT scanners enable the discrimi-
nation between different materials based on the 
differential X-ray attenuation properties in two 
“energy bands” of the spectrum instead of aver-
aging the entire polychromatic beam like conven-
tional CT does. In other words, the spectral 
dependencies of the net X-ray attenuation can be 
imaged and analyzed as a material characteristic 

and can be used to discriminate materials. With 
Dual Energy CT (DECT), this additional infor-
mation can be obtained using several data acqui-
sition methods: (1) Single X-ray source, Dual 
kVp Spin (Philips), (2) Single X-ray source, Dual 
kVp Switch (General Electric), (3) Dual X-ray 
source (Siemens), and (4) Single X-ray source, 
Dual-Layer Detector (Philips) [84, 85].

In a single source, dual-layer detector scanner 
configuration, one X-ray tube is used to expose a 
detector consisting of two layers of scintillators 
(Fig. 2.12). The two layers are directly on top of 
one another. A single CT scan is performed at a 
high kVp (e.g., 120 or 140 kVp). The first layer 
encountered by the X-ray photons absorbs most 

a b

c d

Fig. 2.11 Retrospec-
tively gated helical 
cardiac reconstruction 
without (a, b) and with 
(c, d) motion 
compensation using the 
same amount of 
projection data during 
the filtered back 
projection 
reconstruction. Curved 
MPR (left column; L/W: 
200/500 HU) of the right 
coronary artery and 
volume rendering (right 
column) of a patient data 
set with a mean heart 
rate of 82 bpm. The 
reduced motion artefact 
level can be clearly 
observed
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of the low-energy spectrum, while the bottom 
detector layer absorbs the remaining higher 
energy photons. In contrast to other approaches 
of dual-energy CT, there is no need to redun-
dantly expose materials with both low and high- 
energy X-rays. Furthermore, since the spectral 
energy separation is intrinsic to the detection sys-
tem, rather than sequentially generated at the 
X-ray source, this approach eliminates the time 
lag of sequential techniques, making it ideal for 
imaging moving organs, as in the case of cardio-
vascular imaging. In other words, the dual-layer 
technique is fully registered both spatially and 
temporally. It has no spatial shift or dead time 
such as in dual kVp or dual tube techniques and 
this allows for projection space-based decompo-
sition, and thus the opportunity for accurate 
beam hardening correction without the need for 
spatial or temporal interpolations (Fig. 2.13) 
[86, 87]. The low- and high-energy spectral 
attenuations can also be easily combined and 
used to reconstruct a conventional CT image 
reflecting the “full spectrum” attenuation with-
out the need to compensate for warping and 
shifting due to the time lags. The use of a single 
source also obviates the cross scatter limitation of 

dual source techniques [88]. Furthermore, this 
approach allows full 50 cm Field-of-View (FOV) 
imaging so it can be used for both fast and large 
FOV MSCT cardiac spectral imaging, without 
any compromise.

The first investigations of dual energy meth-
ods for CT were made by Alvarez and Macovski 
in 1976 [89]. They demonstrated that, using a 
conventional X-ray source having a broad energy 
spectrum, one can separate the X-ray attenuation 
coefficients into the contributions from the pho-
toelectric effect and Compton scatter. In other 
words, Alvarez and Macovski demonstrated that 
the X-ray attenuation coefficients of common 
materials can be expressed with sufficient accu-
racy as a linear combination of the photoelectric 
and Compton attenuation coefficients. As a con-
sequence, the X-ray attenuation coefficients of 
any material can be expressed as a linear combi-
nation of the attenuation of two basis materials, 
where both materials differ in their photoelectric 
and Compton characteristics. If bone and water 
are chosen as the basis material for example, the 
information from the low and high attenuation 
data can be used to calculate the bone coefficients 
of the X-ray attenuation. These coefficients can 

Fig. 2.12 A schematic illustration of the dual-layer detection system (only a few detector elements are shown). The 
photodiodes are parallel to the X-ray direction, attached to the sides of the two types of scintillator elements
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then be used to create a bone image, which allows 
the assessment of bony structures and calcifica-
tions. Alternatively, the water coefficients can be 
calculated to generate a soft tissue image where 
the bony structures are suppressed and which 
improves the visualization of structures previ-
ously hidden by bony anatomy. Other pairs of 
basis material with clinical relevance are iodine 
and calcium or iodine and water. In cardiovascu-
lar imaging, the iodine images obtained from an 
iodine-calcium decomposition can be of primary 
importance because they can help to better assess 
the iodinated lumen of the coronary arteries 
which could be otherwise hidden by the presence 

of large calcified plaques. The water images 
obtained from an iodine-water decomposition is 
one in which all of the iodine is removed. This 
virtual non-contrast image (VNC) synthesizes a 
pre-contrast scan.

The photoelectric coefficient depends strongly 
on the effective atomic number Z (photoelectric 
effect proportional to Z3) and thus provides an 
indication of the composition of the object. The 
Compton scatter coefficient depends on the elec-
tron density, which is proportional to the mass 
density for most materials. So the use of the 
information obtained by the decomposition of the 
X-ray attenuation coefficients of any material 

120 kVp 120 kVp

70 keV 70 keV

Fig. 2.13 Two different axial cardiac slices of a pig heart, 
corresponding to the conventional 120 kVp and the 70 keV 
monoE, respectively, under the condition FFR = 1. In this 
case, one should expect a relatively uniform enhancement 
on the nonischemic myocardium. However, due to BH arti-
facts, clear hypo-enhancements are noticed in the anterior 
and inferior walls in the conventional images as indicated 
by the black arrows. These artifacts can be misdiagnosed 
as perfusion defects. Hyper- enhancement in the septal wall 

(red arrow) is also the result of BH effects. On the other 
hand, these BH-induced hyper- and hypo-attenuations are 
significantly reduced on the 70 keV images resulting in a 
relatively more uniform enhancement of the entire myo-
cardium (Image courtesy of: Drs. Rachid Fahmi & David 
Wilson, Case Western Reserve University, Cleveland OH, 
USA and Dr. Hiram Bezerra, Harrington Heart & Vascular 
Center, University Hospitals Case Medical Center, 
Cleveland, OH, USA)
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into its photoelectric and Compton attenuation 
coefficients can be highly significant for medical 
purposes. For example, a lesion of increased 
attenuation coefficient can be due to either 
increased density or increased effective atomic 
number due to calcification. A dual-energy mea-
surement can distinguish between these phenom-
ena, and a color mapping of the effective atomic 
number Z provides a visual assessment of this 
additional information as is demonstrated in 
Fig. 2.14 [90]. In dual-energy CT, besides the 
material-specific information and images, one 
may also synthesize monochromatic images at 
different energies [91], which can be used for 
routine diagnosis similar to conventional images. 
With a single scan at usual 120 kVp (or 140 kVp 
for obese patients), a dual-layer spectral CT 

acquisition allows the reconstruction of virtual 
monochromatic images from 40 keV up to 
200 keV. Since the photoelectric effect is domi-
nant at lower keV and is relatively high for high 
Z materials, low keV imaging can be used to 
enhance the absorption of high Z material like 
iodine (Z = 53). This can be of particular interest 
to enhance the iodine uptake for patients with 
renal dysfunction where the total injected volume 
of iodinated contrast medium is very limited 
(Fig. 2.14). Compton scattering on the other hand 
is dominant at higher keVs and does not exhibit a 
strong relationship with Z. High keV imaging 
will then be of particular interest to minimize the 
absorption of high Z materials and minimize all 
types of associated artifacts (metal artifacts, cal-
cium, or stent blooming).

MonoE 50 keV

Model based Segmentation 3D Volume Rendering Effective Z

MonoE 100 keV lodine no WaterConventional 120 kVp

Fig. 2.14 Dual Energy measurements enable the genera-
tion of material-specific images like the effective Z images 
or the iodine images obtained after iodine-water decom-
position. In addition, virtual monochromatic images at 
different energies can be synthesized and used for routine 
diagnosis similar to conventional images (obtained at 
120 kVp in this example). Low keV (50 keV shown here) 

can be used to enhance the photoelectric absorption of 
high effective Z materials like iodine. High keV (100 keV) 
can be used to maximize the Compton scatter and hence 
minimize all types of artifacts (calcium blooming, etc.) 
(Image courtesy of: Dr. Kazuhiro Katahira, Kumamoto 
Chuo Hospital, Kumamoto, Japan)
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The left main coronary artery (LM) originates from 
the left coronary sinus of Valsalva and gives origin 
to the left anterior descending coronary artery 
(LAD) and left circumflex coronary artery (LCX). 
The LAD courses in the anterior epicardial ventric-
ular septum and gives origin to various diagonals 
and septal perforators. The LAD is divided into 
proximal, mid, and distal segments. The first septal 
perforator generally divides the proximal and mid-
segments of the LAD. The diagonals are varied in 
number and caliber and are labeled from proximal 
to distal, D1, D2, D3, and so forth. The LCX runs in 
the left atrial–ventricular sulcus and gives origin to 
obtuse marginal branches (OM). The OMs are 
labeled from proximal to distal, OM1, OM2, OM3, 
and so forth. Ostium refers to the segment of origin 
of the artery (Fig. 3.1a–z).

The right coronary artery (RCA) originates 
from the right coronary sinus and is divided in 
proximal, mid, and distal segments. The proxi-
mal segment of the RCA is from the ostium to 
the origin of the first acute marginal artery. In 
the majority of patients, the conus artery origi-
nates from the ostium of the RCA or separately 
from the right coronary sinus and is generally 
the first visualized branch. The conus artery has 
a cranial and anterior course. The sinoatrial 
(SA) artery is generally the second branch to be 
visualized and originates from the proximal 
RCA and has a posterior course in to the left 
atrium. The RCA gives origin to acute marginal 
(AM) branches, which vary in size and number 
and are labeled from proximal to distal, AM1, 
AM2, AM3, and so forth.

https://doi.org/10.1007/978-3-319-66988-5_3
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Fig. 3.1 (a–f) Anatomy. (g–i) Axial. (j–n) Coronal. (o–t) 
Sagittal. (u–y) VR. (z) 2D composite. A anterior; AA 
ascending aorta; APM anterior papillary muscle; AR aortic 
root; AV aortic valve; CA conus artery; CS coronary sinus; 
D1 diagonal 1; D2 diagonal 2; DA descending aorta; ES 
esophagus; GCV great cardiac vein; I inferior; IVC infe-
rior vena cava; LA left atrium; LAA left atrial appendage; 
LAD left anterior coronary artery; LCX left circumflex 
coronary artery; LIMA left internal mammary artery; 
LIPV left inferior pulmonary vein; LM left main coronary 
artery; LMSB left main stem bronchus; LSPV left superior 
pulmonary vein; LV left ventricle; MB moderator band; 
MCV middle cardiac vein; MV mitral valve; OM1 obtuse 

marginal 1; P posterior; PA pulmonary artery; PAB pul-
monary artery branch; PDA posterior descending artery; 
PM papillary muscles; PV pulmonic valve (axial C and 
coronal D); pulmonary vein (sagittal D); PVB pulmonary 
vein branch; RA right atrium; RAA right atrial appendage; 
RCA right coronary artery; RIMA right internal mammary 
artery; RIPV right inferior pulmonary vein; RMPA right 
main pulmonary artery; RPV right pulmonary veins; RPA 
right pulmonary artery; RMSB right main stem bronchus; 
RSPV right superior pulmonary vein; RV right ventricle; 
RVOT right ventricular outflow tract; S superior; SA sino-
atrial artery; SVC superior vena cava; STE sternum

d e f
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Dominance refers to whether the posterior 
descending artery (PDA) originates from the 
RCA (right dominant), LCX (left dominant), or 
both (co-dominant; Fig. 3.2). Approximately 
80% of humans are right dominant. In right dom-
inance, the distal RCA at the level of the crux of 
the heart typically bifurcates into the PDA and a 
posterolateral branch. The PDA courses in the 
posterior ventricular septum giving origin to the 
SA nodal artery and posterior ventricular branch. 
In left dominance, the PDA originates from the 
distal LCX. In co-dominance, there are right and 
left PDAs originating from the RCA and LCX.

The coronary venous system is variable. 
Generally, the great cardiac vein (GCV) and the 
middle cardiac (MCV) vein are present. The 
GCV runs parallel to the LAD and then courses 
superiorly, crossing the LCX and posteriorly 
draining into the coronary sinus. The MCV runs 
inferiorly at midline parallel to the PDA and 
drains into the coronary venous sinus.

The coronary anatomy has great variability. 
The arteries vary in size, length, course, and 
branches. It is important to understand the 
individual anatomy of a patient in order to 
avoid mistakenly report disease or occlusion 
of an artery. Close observation must be made 
as to how the myocardium is receiving its 
blood supply in normal and diseased arteries. 
This will be of great importance in the subse-
quent chapters that illustrate normal coronary 
variants, congenital coronary anomalies, coro-
nary artery disease (CAD), and collateral 
pathways.

If the IV contrast bolus is timed correctly in 
the arterial phase, you will note that the veins are 
less dense and generally larger than the adjacent 
coronary arteries. The veins should not be mis-
taken for diseased or occluded arteries. When in 
doubt, follow the vessel to its origin (artery) or 
drainage (vein).

Fig. 3.2 Volume rendered showing co-dominance
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3.1  Case 3.1

3.1.1  History

A 47-year-old asymptomatic male presented with 
strong family history of coronary disease.

3.1.2  Findings

The study demonstrated a right dominant coro-
nary anatomy and without disease (Fig. 3.3a–i).

a b

c

e

d

Fig. 3.3 (a–d) VR: 
Normal PGA CCTA. (e) 
2D composite. PGA 
normal coronary 
arteries. (f–i) cMPR of 
the coronary arteries. 
With appropriate patient 
selection and 
acquisition, the quality 
of the PGA images is 
excellent. Also, the 
spatial resolution is the 
same as a retrospective 
acquisition
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3.1.3  Diagnosis

Normal coronary CTA was acquired with pro-
spective gated axial technique (PGA), also known 
as step and shoot.

3.1.4  Discussion

Radiation exposure is of significant concern, par-
ticularly in younger patients. The cardiac CTAs 
in all modern scanners can be acquired using a 
single cycle prospective technique known as pro-
spective gated axial (PGA) which are also 
referred to as “axial acquisition” or “Step and 
Shoot” (Fig. 3.4). PGA consists of a single cycle 
acquisition targeted optimally to the mid- diastolic 
phase of the cardiac cycle where there is the least 
coronary excursion in order to avoid motion arti-
fact. With PGA, only about 20% of the cardiac 
cycle is exposed to radiation thus reducing the 
dose by 80% (≅ 3.0 mSv). By using lower Kv 
techniques (80–100 Kv), the radiation dose can 
be further reduced by 90% or more (1 mSv or <) 
when compared to retrospective acquisition.

The tube exposure is centered on the 75% 
of the cardiac cycle (EKG R-R interval); how-
ever, minimal motion artifact can still degrade 
the quality of the images. In order to avoid 
suboptimal images, a slightly wider exposure 
of 5% on both sides of the 75% phase is com-
monly performed and is referred to as “pad-
ding.” Thus, the reconstructed phases of the 
CCTA will consist of three phases: 70, 75, and 
80%.

With retrospective acquisition, multiple car-
diac cycles are required with radiation expo-
sure during the entire cycle (approximately 
8–30 mSv). The study is acquired gated with 
CT helical technique. Methods have been 
developed to reduce radiation exposure by 
decreasing the X-ray tube output in the non-
diastolic phase of the cycle. This is also known 
as dose modulation, which can achieve, 
depending on the heart rate, a reduction of the 
radiation reported in the range of 20–40%.

Currently, we use PGA in all patients, includ-
ing stents and CABG that do not have a signifi-
cant arrhythmia like atrial fibrillation. These, we 
acquire with helical retrospective technique.

f g h i

Fig. 3.3 (continued)
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In order to acquire a diagnostic study, a low 
stable heart rate is required below 65 bpm in 
order to have an adequate diastolic phase of the 
heart cycle. The use of oral and or IV beta 
blockers and the vasodilator nitroglycerin, 
spray or sublingual, is recommended. In our 
laboratory, the success rate of PGA has been 
greater than 95%.

3.1.5  Pearls and Pitfalls

The right coronary artery tends to have the most 
excursion thus is the most frequent to cause 

motion artifact on the CT. We currently perform 
the PGA with an IV dose of 60 mL of high- 
density low-osmolar contrast (370 mg/mL). 
Following the acquisition, the reconstructed 
images are immediately assessed to determine 
whether these are of diagnostic quality. If the 
study is not considered diagnostic, a second 
acquisition is quickly performed, unless contra-
indicated; with a second IV injection of contrast. 
The combined total iodine dose generally does 
not exceed 50 g. This protocol avoids the patient 
having to be rescheduled. With PGA, limited dia-
stolic phases are acquired; consequently, cardiac 
wall motion cannot be assessed.

Dose Efficiency

Cardiac CT

Spiral scan + retrospective gating
• Few data used (8-20%)

+ ECG dose modulation
• More data used (16-40%)

Step & shoot + prospective trigger
• Most data used (50-100%)

Spiral scan + prospective trigger
• All data used  (100%)

100%

0

100%

0

100%

0

100%

0

Heart

Chest

“Padding”

Flash scanning

Fig. 3.4 Different cardiac CT acquisition techniques with varying dose efficiencies
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3.2  Case 3.2

3.2.1  History

A 47-year-old male presented with dyslipidemia 
and a strong family history of CAD.

3.2.2  Findings

The RCA and LCX are short arteries of small cali-
ber. The posterior descending artery was not identi-
fied. The LAD and ramus intermedius (RI) arteries 
are long and have large caliber (Fig. 3.5a, b).

3.2.3  Diagnosis

The diagnosis is normal variant of left coronary 
dominant anatomy.

3.2.4  Discussion

It is important to differentiate normal variant cor-
onary anatomy from acquired and congenital 
abnormalities. The LAD and RI in this case pro-
vide flow to the inferior and posterior wall of the 
left ventricle, compensating for the lack of a pos-
terior descending artery originating from the 
RCA or LCX.

3.2.5  Pearls and Pitfalls

The differentiation between an acquired obstruc-
tion of the PDA with compensatory hypertrophy 
of the LAD and RI versus a normal variant can be 
ascertained by the identification of a very small 
RCA and LCX.

a b

Fig. 3.5 (a) Globe 
sphere. LAD and ramus 
arteries. Small right 
coronary artery and left 
circumflex. (b) Axial. 
Absent posterior 
descending artery. 
Middle cardiac vein 
(arrow, MCV)
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3.3  Case 3.3

3.3.1  History

A 59-year-old female presented with atypical chest 
pain and a normal cardiac perfusion scan result.

3.3.2  Findings

There is absence of the right coronary artery. Mild 
disease is seen in the mid-LAD. Coronary circulation 
is left dominant, with the left circumflex extending 
into the right atrial–ventricular sulcus (Fig. 3.6a–c).

3.3.3  Diagnosis

The diagnosis is congenital absence of the right cor-
onary artery, with a super-dominant left circumflex.

3.3.4  Discussion

Knowledge of the cardiac physiology, normal, 
variant anatomy, and anomalies of coronary 
circulation is an increasingly vital component 
in managing congenital and acquired heart 
disease. In this case, the absence of the right 
coronary artery is well compensated by the 
LAD and a long large-caliber left circumflex 
coronary artery (LCX).

3.3.5  Pearls and Pitfalls

The lack of visualization of the RCA originat-
ing from the right sinus of Valsalva, with a 
dominant left circumflex coronary artery, usu-
ally indicates an anatomic variant rather than 
an occluded RCA.

a

b c

Fig. 3.6 (a) 2D map. 
Left anterior coronary 
artery and left 
circumflex coronary 
artery. (b) Axial. Absent 
right coronary artery 
(arrow). (c) Globe 
sphere: Left circumflex 
coronary artery 
extension into the right 
atrial–ventricular sulcus
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3.4  Case 3.4

3.4.1  History

A 59-year-old male presented to the emergency 
department with chest heaviness and epigastric 
pain for several days.

3.4.2  Findings

There is absence of the left main artery (Fig. 3.7a, 
b). Mild non-obstructing multi-vessel coronary 
artery disease.

3.4.3  Diagnosis

Congenital absence of the left main coronary artery.

3.4.4  Discussion

Not infrequently, absence of the left main coro-
nary artery is identified with separate origins of 
left anterior descending artery and left circumflex 
artery from the left sinus of Valsalva.

3.4.5  Pearls and Pitfalls

Congenital absence of the left main coronary 
artery should be reported as a normal variant and 
not as a congenital anomaly. Personally, I would 
rather have this anatomy than left main with the 
eggs in one basket.

a

b

Fig. 3.7 (a) Axial MIP. (b) Volume rendered coronary 
tree. LAD and LCX originating from the left sinus of 
Valsalva and RCA originating from the right sinus of 
Valsalva

3 Coronary Anatomy
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3.5  Case 3.5

3.5.1  History

A 57-year-old female with no past medical his-
tory presented to the emergency department com-
plaining of chest pain.

3.5.2  Findings

There is no left circumflex coronary artery (LCX) 
(Fig. 3.8a–c). No coronary artery disease (CAD). 
Coronary circulation is right dominant.

3.5.3  Diagnosis

Congenital absence of the left circumflex coro-
nary artery.

3.5.4  Discussion

It is uncommon to encounter a congenital 
absent LCX, which needs to be differentiated 
from an occluded artery. In right coronary 
dominance, the LCX is typically of small or 
moderate caliber.

3.5.5  Pearls and Pitfalls

There was no visualized LCX ostium to indicate 
a stump from a thrombus. Flush coronary ostial 
occlusion is uncommon without a stump. The 
fact that the other coronary branches are large 
and have no CAD is conclusive that this is a nor-
mal variant.

a

c

b

Fig. 3.8 (a, b) Axial 
MIP. Absence of LCX 
over the left 
atrioventricular sulcus. 
(c) Volume rendered
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3.6  Case 3.6

3.6.1  History

A 60-year-old female outpatient with atypical 
chest pain. No previous cardiac history.

3.6.2  Findings

There is supra-annular anterior origin of the right 
coronary artery (RCA) (Fig. 3.9a–c). There is a 
small diverticulum arising from the right inferior 
wall of the left atrium (Fig. 3.9d). No atheroscle-
rotic coronary artery disease.

3.6.3  Diagnosis

Supra-annular origin of the RCA.

3.6.4  Discussion

Although, some may argue that this is a con-
genital anomalous origin of the coronary, 
the RCA has no interarterial course, nar-
rowed ostium, acute angulation, or intramural 
segment.

Diverticulum arising from the left atrium 
are common and are usually small. They 
mostly arise from the superior anterior wall 
of the left atrium and are of no clinical 
significance.

3.6.5  Pearls and Pitfalls

The findings are of no clinical significance.

a

c

d

b

Fig. 3.9 (a) 
cMPR. Supra-annular 
anterior origin of the 
RCA. (b) VR. (c) 
Coronal. (d) Axial. 
Small diverticulum 
(Arrow) arising from the 
left atrium
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3.7  Case 3.7

3.7.1  History

A 39-year-old male presented to ED with atypi-
cal chest pain. No previous cardiac history.

3.7.2  Findings

CCTA was read as a complete obstruction of the 
mid-LAD with decreased perfusion to the anterior 
wall and the cardiac apex (Fig. 3.10a–c). Cardiac 
catherization showed an anatomic variation of the 
left anterior descending coronary artery (LAD) with-
out any significant obstructive disease (Fig. 3.10d).

3.7.3  Diagnosis

Anatomical variation of the left anterior descend-
ing artery.

3.7.4  Discussion

This anatomical variation of LAD was read as a 
complete obstruction by a less experience reader. 
Short LAD is a normal variant of coronary 
anatomy.

The LAD is a short artery that extends into the 
myocardial septum. The first diagonal branch is 
long and large caliber and extends to the LV apex 
in the anterior wall, essentially perfusing the ter-
ritory of the expected LAD.

3.7.5  Pearls and Pitfalls

It is important to keep in mind the possibility of 
an anatomical variation of the coronary arteries 
and appropriately distinguish it from a cardiac 
disease process.

It is important to distinguish an acute thrombus 
in the LAD from a chronic total occlusion with a 
hypertrophied branch serving as a collateral.

a b

c

d

Fig. 3.10 (a) Volume 
rendered. (b) olique 
MIP. (c) cMPR. (d) 
Coronary angiogram to 
confirm short but patent 
LAD
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In this case, there was no thrombus identified 
in the LAD or atherosclerotic disease, which sub-
stantiates a normal anatomical variant.
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Pediatric Cardiac CTA

Dianna M.E. Bardo

4.1  Introduction

The use of cardiac computed tomographic angi-
ography (cardiac CTA) as a diagnostic modality 
has increased because CT scanner technology 
has improved. Modern CT scanners have an 
increased number of detector rows allowing more 
tissue to be scanned rapidly which reduces 
motion artifact and need for sedation in children. 
Iterative image reconstruction techniques reduce 
image noise, enabling proactive reduction of 
radiation dose and improved ECG-gating tech-
niques are particularly important for accurate 
detection of the high heart rates found in chil-
dren. New multi-energy spectral CT technology 
may become important in cardiac imaging 
through enhancing our ability to differentiate tis-
sue composition and enable detection of myocar-
dial perfusion defects. To effectively utilize the 
tools and technology available on the CT scan-
ner, one must be committed to understanding the 
physics of CT image acquisition and the use of 
protocol parameters and image processing tech-
niques designed for imaging with a radiation 
dose as low as reasonably achievable (ALARA) 
in children and young adults with acquired and 
congenital heart disease (CHD).

Patients with CHD have a heart defect which 
has been present from birth and is most often dis-
covered in the first year of life. In developed 
countries, steady progress in repairing or palliat-
ing congenital heart defects since the mid-
twentieth century has led to there being more 
adults living with CHD than there are children 
living with CHD.

When examining cross-sectional images in 
patients with CHD, it is important to begin with 
standardized or routine search pattern of intra- 
and extra-cardiac connections. Look for the ana-
tomic differences in the shape of the ventricles, 
shape of atrial appendages, hepatic, pulmonary 
and venae cavae connections, and aortic and pul-
monary valve and artery connections, and posi-
tion of the chambers in relation to one another 
(Table 4.1).

Position of the RV and LV and the cardiac 
apex in the thorax is determined through a pro-
cess of looping of the cardiac tube which occurs 
in the embryological period. Normally, the car-
diac tube loops to the right or D-loop which posi-
tions the RV anterior and to the right of the LV 
and the cardiac apex to the left. An abnormal left-
ward or L-loop of the cardiac tube the right ven-
tricle is positioned to the left of the LV and the 
cardiac apex may be is rotated into the right tho-
rax. Position of the heart relates to visceroatrial 
situs or the relative position of the cardiac atria 
and the abdominal viscera. Normal situs exists 
when abdominal, cardiothoracic, and broncho-
pulmonary anatomy is normally arranged in the 

D.M.E. Bardo, MD, FSCCT, FNASCI
Department of Radiology, Phoenix Children’s 
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Table 4.1 Normal intra- and extra-cardiac connections and structural features

Structure Connections Identifying structural features

Left ventricle (LV) Inflow: from left atrium (LA) 
through mitral valve (MV)
Outflow: through aortic valve (AV) 
to ascending aorta (AAo)

Papillary muscles—anterior and posterior muscles 
in the LV—chordae tendinae extend from tip of 
each papillary muscle to leaflets of the mitral 
valve

Right ventricle (RV) Inflow: from right atrium (RA) 
through tricuspid valve (TV)
Outflow: through pulmonic valve 
(PVn) to main pulmonary artery 
(MPA)

Moderator band—near RV apex a muscular band 
courses from the base of the anterior papillary 
muscle in the RV toward the intraventricular 
septum—trabeculation are more prominent than in 
then LV

Left atrium (LA) Inflow: from pulmonary veins (PVn)
Outflow: to LA

Left atria appendage—a narrow muscular “pouch” 
extending from the left atrium

Right atrium (RA) Inflow: from superior vena cava 
(SVC), inferior vena cava (IVC), 
and hepatic veins (HV)
Outflow: to RA

Right atrial appendage—a broad based cone-
shaped extension of the right atrium

Aortic valve (AV) and 
ascending aorta (AAo)

Inflow: from LV
Outflow: to coronary arteries and 
aortic arch

AV—trileaflet valve with right, left, and 
noncoronary cusps within the sinuses of 
Valsalva—lies posterior and to the right of the 
pulmonary valve (PV)
AAo—tubular segment above the sinuses of 
Valsalva proximal to the aortic arch

Pulmonary valve (PV) 
and main pulmonary 
artery (MPA)

Inflow: from RV
Outflow: to right and left branch 
pulmonary arteries (RPA) and 
(LPA)

PV—trileaflet valve with right, left, and anterior 
cusps—lies anterior and to the left of the AV
MPA—tubular artery above the PV, bifurcates to 
right and left pulmonary artery branches

Pulmonary veins (PVn) Inflow: from pulmonary capillary 
bed
Outflow: to LA

PVns—right and left superior and inferior veins 
and occasionally a right middle pulmonary vein 
join the LA—left-sided veins often form a 
common confluence prior to meeting the LA

Superior vena cava 
(SVC)

Inflow: from jugular, subclavian, 
and other veins of the head and 
upper extremities
Outflow: to RA

SVC—the major venous drainage pathway of the 
upper body—typically R sided—a persistent L 
SVC if present drains to the coronary sinus—there 
may or may not be a bridging brachiocephalic vein 
when both R SVC and L SVC are present

Inferior vena cava 
(IVC)

Inflow: from femoral, renal, and 
other veins of the lower body
Outflow: to RA

IVC—the major venous drainage pathway of the 
lower extremities and lower body—typically R 
sided and courses through the liver and along 
with the RA—may be interrupted in some forms 
of CHD—if interrupted, the azygous vein 
continues drainage to the SVC

Hepatic veins (HV) Inflow: from mesenteric veins to 
portal veins
Outflow: to RA

HV—drain liver parenchyma to the RA—venous 
drainage from the liver contains a factor which 
prohibits the formation of arterial venous 
malformations (AVMs)in the lungs—when hepatic 
factor is present (as in normal systemic/pulmonary 
blood flow) pulmonary AVMs do not form)

Mitral valve (MV) Separates the LA and LV MV—bileaflet valve separates the LA and the 
LV—in transposition the MV remains associated 
with the LV

Tricuspid valve (TV) Separates the RA and RV TV—trileaflet valve separates the RA and the 
RV—in transposition the TV remains associated 
with the RV

D.M.E. Bardo
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usual manner may be found in patients with 
CHD, but it is more often that CHD is seen in 
patients in whom the visceral and atrial anatomy 
is inverted or ambiguous (Table 4.2).

Noting connections between the key structural 
components of the heart and the cardiothoracic 
vasculature and visceroatrial situs, other key ana-
tomic relationships, the relative position or rela-
tionship of the aortic and pulmonary valves, and 
the origins and proximal course of the coronary 

arteries, allows thorough assessment of mild and 
complex forms of CHD (Tables 4.3 and 4.4).

With this basic knowledge and an organized ana-
tomic search pattern approach to identify anatomy 
in cross-sectional images of CHD patients, the col-
lection of the following 25 cases or group of cases 
reinforce principles which may be applied in daily 
practice. Each case or group of cases also provides 
detailed findings of the most common forms of 
simple and complex CHD.

Table 4.2 Basics of visceroatrial situs

Visceralatrial anatomy

Situs solitus Situs inversus Situs ambiguous

Normal Reverse of normal Heterotaxy

Right atrium (RA)
Liver

On the right On the left Two distinct forms of 
heterotaxy or situs ambiguous 
are recognized as most 
common:

Right isomerism (asplenia)
  • bilateral trilobed lungs
  • bilateral right-sided 

bronchi
  • large symmetric liver
  • absence of the spleen
  • total anomaly of the 

pulmonary venous return

Left isomerism (polysplenia)
  • bilateral bilobed lungs
  • interruption of the IVC 

(with lower body venous 
flow returning to the heart 
via azygous vein 
continuation to the SVC)

  • multiple spleens
  • pulmonary veins drain 

to the right and the left 
atria

Heterotaxy exists as 
combinations of one or more 
of the above features—when 
reporting or discussing a case 
describe findings 
independently and use the 
term heterotaxy.

Left atrium (LA)
Stomach
Spleen

On the left On the right

Trilobed lung
Early origin of the upper 
lobe bronchus from the 
right main bronchus

Right-sided trilobed lung
Right main bronchus 
with early origin of the 
upper lobe bronchus

Left-sided trilobed lung
Left main bronchus with 
early origin of the upper 
lobe bronchus

Bilobed lung
Distal origin of the upper 
lobe bronchus from the 
left main bronchus

Left-sided bilobed lung
Distal origin of the left 
upper lobe bronchus

Right-sided bilobed lung
Distal origin of the right 
upper lobe bronchus

Eparterial bronchial 
position

Right pulmonary artery 
(RPA) lies in front of the 
right bronchus

Left pulmonary artery 
(LPA) lies in front of the 
left bronchus

Hyparterial bronchial 
position

RPA crosses above the 
main bronchus

LPA crosses above the 
main bronchus
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Table 4.4 Coronary arteries in CHD

Structure Coronary artery origin, branches, and course Key anatomy

Left coronary artery (LM) LM arises from the left sinus of the AV, 
courses under the LAA—bifurcates to the left 
anterior descending (LAD) and left circumflex 
(LCx) coronary arteries
LAD remains epicardial and courses along the 
intraventricular septum with diagonal and 
septal branches
LCx courses in the left atrioventricular groove 
with obtuse marginal (OM) branches

The artery which supplies the PDA 
is referred to as  the dominant 
coronary artery; most often the RCA
The LM and RCA should arise at a 
nearly 90° orientation from the sinus 
of Valsalva
An anomalous coronary artery origin 
can arise from another sinus, the 
AAo, or the MPA

Anomalous coronary arteries may 
course in the wall of the AAo, 
between the AAo and the MPA, 
behind the AAo and anterior to the 
atria, over the right ventricle outflow 
tract, or through the myocardium at 
the base of the heart

Right coronary artery 
(RCA)

RCA arises from the right sinus of the AV, 
remains epicardial as it courses in the right 
atrioventricular groove with acute marginal 
(AM), conus, posterior descending (PDA), 
and often a posterolateral (PL) branches
PDA is a terminal branch which most often 
arises from the RCA (80%) and courses in the 
posterior intraventricular groove

Table 4.3 Features of the aortic valve and pulmonary valve

Structure Normal position Leaflet nomenclature Abnormal position

Aortic valve (AV) Lies posterior and to the 
right of the PV

Trileaflet valve with right, 
left, and noncoronary cusps 
within the sinuses of 
Valsalva—The noncoronary 
cusp always lies adjacent to 
the intra-atrial septum—even 
if there is a coronary artery 
arising from that cusp

D-TGA—AV lies 
anterior and to the right 
of the PV
L-TGA—AV lies 
anterior and to the left of 
the PV
DORV—AV lies 
side-by-side and R of the 
PV

Pulmonary valve (PV) Lies anterior and to the 
left of the AV

Trileaflet valve with right, 
left, and anterior cusps—lies 
anterior and to the left of the 
AV

In TGA, the coronary 
artery origins are 
described as from the 
R-facing, L-facing, and 
non-facing sinuses of the 
AV—depending on 
whether they are adjacent 
to or not adjacent to the 
PV
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4.2  Azygous Continuation 
of an Interrupted IVC

Embryological development of the venous drain-
age of the gut, abdominal viscera, and lower 
extremities progresses through several stages, 
beginning in the fifth week of gestation as paral-
lel anterior and posterior cardinal and subcardi-
nal veins which extend the length of the embryo, 
less than 10 mm in length. Supracardinal veins 
join the cardinal and subcardinal veins and trans-
verse anastomoses are formed. Communication 
with the heart is achieved through formation of 
the intrahepatic segment of the inferior vena cava 
(IVC) as the right subcardinal vein joins the 
hepatocardiac canal. The right superior cardinal 
vein becomes the superior vena cava (SVC). The 
left superior cardinal vein usually regresses; 
when it persists drainage continues to the coro-
nary sinus [1].

The dorsally positioned azygous venous sys-
tem is formed from the cranial portion of the 
supracardinal veins, becoming the azygous vein 
on the right and the hemiazygous vein on the left. 
In the normal situation each of these veins is 
small caliber, but when the intrahepatic segment 
of the IVC fails to develop, the azygous vein cali-
ber is enlarged as a larger volume of venous 
return to the heart must flow through the azygous 
vein, to the SVC, to the right atrium.

As development of the heart, its arterial and 
venous connections as well as abdominal visceral 
formation develop simultaneously during these 
early embryological weeks, it is not uncommon 

to have associated other cardiac, pulmonary, and 
abdominal organ anomalies.

Heterotaxy, a term used to generically describe 
the presence of cardiothoracic and abdominal 
situs abnormalities, is often found when the intra-
hepatic segment of the IVC is interrupted. Not 
uncommonly, left-sided structures are dominant 
or there is bilateral left-sidedness (left isomer-
ism), manifested as polysplenia or multiple 
splenic structures which may be located in either 
or both upper abdominal quadrants or throughout 
the peritoneal cavity. Other frequently associated 
abnormalities include complete or partial abdom-
inal situs inversus with horizontal position of the 
liver, absence of the gallbladder, and malrotation 
of the bowel. Anomalies of cardiovascular con-
nections, anomalous pulmonary venous drain-
age, atrial (ASD) and ventricular (VSD) septal 
defects or malalignment, bilateral SVCs, and car-
diac malposition dominate the cardiothoracic 
anomalies. Bilateral left-sided lungs (2 lobes 
each) with hyparterial bronchi and bilateral left-
sided atria are often present [2, 3].

4.2.1  Clinical Presentation

Patients with interruption of the intrahepatic IVC 
and azygous continuation may be discovered in 
utero with an abnormal structural exam, present 
as a newborn due to structural congenital heart 
disease, or may remain asymptomatic and there-
fore undiscovered prior to imaging performed for 
other indications.
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4.2.2  Case 4.1

See Fig. 4.1.

4.2.3  Case 4.2

See Figs. 4.2, 4.3, and 4.4.

Fig. 4.2 An arterial phase contrast enhanced axial image 
of the upper abdomen shows the large caliber azygous 
vein (AZ) and absence of the intrahepatic segment of the 
IVC. In the right upper quadrant, a low attenuation struc-
ture is a spleen (bracket); numerous other splenic nodules 
were located in the right upper quadrant on caudal images. 
The descending aorta (DAo) is on the left of midline

Fig. 4.3 A coronal view of the chest from the contrast 
enhanced CT shows the extension of the enlarged azygous 
vein (AZ) nearly to the level of the aortic arch. The azy-
gous vein and descending aorta (DAo) caliber are similar 
and pulmonary vasculature is enlarged

Fig. 4.1 On the first day of life, this newborn who was 
known to have situs inversus had an umbilical venous 
catheter (UVC) (V) and umbilical arterial catheter (UAC) 
(A) placed prior to a chest and abdomen radiograph. The 
cardiac apex (arrow) and gastric air bubble (S) are on the 
right and the liver shadow is on the left. The tip of the 
UVC is more cephalad than expected, within the lumen of 
the left-sided hemiazygous vein in this patient found to 
have situs inversus and an interrupted IVC and hemiazy-
gous continuation to the hemiazygous arch which drained 
to the SVC. In this situation, situs inversus, the L SVC 
drains to the morphologic right atrium and a persistent R 
SVC (if present) would drain to the coronary sinus. This 
patient does not have a persistent R SVC
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4.2.4  Case 4.3

This adult patient has been healthy all her life. 
She presents to the emergency room with abdom-
inal pain. See Fig. 4.5.

Fig. 4.4 The patient had a previous CT exam, performed 
without IV contrast. An axial image at the level of the 
carina is all that is needed to know that the intrahepatic 
IVC is interrupted. The azygous vein (AZ) and the azy-
gous arch which connects the vein to the superior vena 
cava (SVC) are enlarged, similar in caliber to the ascend-
ing (AAo) and descending (DAo) aorta. The superior sur-
face of the main pulmonary artery (MPA) is also seen

Fig. 4.5 An axial contrast enhances CT image of the 
upper abdomen shows that several splenic structures (dot-
ted ellipse) are in the right upper quadrant along with the 
stomach (S). The liver (L) is in the right upper quadrant 
and the intrahepatic segment of the IVC (white arrow) is 
present and the azygous vein is not enlarged. The abdomi-
nal aorta (black arrow) is at the midline. Remember that 
polysplenia may be found without interruption of the IVC
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4.3  Persistent Left Superior Vena 
Cava

Persistent left superior vena cava (PLSVC) is the 
most common congenital venous anomaly in the 
thorax. Most individuals with PLSVC are asymp-
tomatic throughout their entire life; the reported 
incidence of BSVC in the general population is 
less than 0.5%. In patients with congenital heart 
disease, PLSVC is known to occur much more 
frequently, in up to 12%.

PLSVC may occur with or without the pres-
ence of a right SVC, i.e., bilateral SVC (BSVC). 
When bilateral, the SVCs may be similar or dis-
similar in caliber and the brachiocephalic 
(innominate) vein may or may not be patent; as a 
bridging vein between the SVCs, but is absent in 
most (65%).

Systemic venous drainage via a PLSVC most 
often occurs via the coronary sinus to the right 
atrium (80–92%). If the coronary sinus is 
unroofed, deoxygenated blood from the PLSVC 
drains to the right and left atria. A PLSVC may 
drain entirely to the left atrium through a direct 
connection to the roof of the atrium.

Of course, a PLSVC is also found in situs 
inversus and when the right SVC is absent. In this 
situation venous drainage of the upper body is to 
the anatomic right atrium which also lies on the 
left.

4.3.1  Clinical Presentation

An asymptomatic adolescent underwent chest 
CT for an unrelated indication.

4.3.2  Case 4.4

4.3.2.1  Patient 1
See Fig. 4.6.

4.3.3  Clinical Presentation

Two newborn patients with congenital heart dis-
ease underwent CTA to define intracardiac and 
great vessel anatomy; the underlying CHD lesions 
will not be discussed. In the course of diagnosis, 
in each patient PLSVC was discovered.

Fig. 4.6 A coronal oblique view of the thorax shows both 
a right (R SVC) and left (L SVC) superior vena cava. The 
L SVC drains to the coronary sinus (CS). There was not a 
patent bridging vein
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Fig. 4.8 An axial image at the level of the aortic arch 
(AA) shows the right SVC (R SVC), the smaller caliber 
left SVC (S SVC), and the very small caliber bridging 
vein (arrows)

Fig. 4.9 The right (R SVC) and left (L SVC) superior 
venae cavae are seen in a 3D surface rendered reconstruc-
tion. The wispy, small caliber bridging brachiocephalic 
vein (arrows) is anterior to the ascending aorta (AAo) at 
the level of the aortic archFig. 4.7 A large defect in the intra-atrial septum results 

in what is effectively a single atrial chamber. A right (R 
SVC) and left (L SVC) drain to the superior aspect of the 
right (RA) and left (LA) side of the atria, respectively. The 
main pulmonary artery (Asterisk) and aortic arch (AA) are 
seen in the midline

4.3.4  Case 4.5

4.3.4.1  Patient 2
See Figs. 4.7, 4.8, and 4.9.
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4.3.4.2  Patient 3
See Figs. 4.10, 4.11, and 4.12.

Fig. 4.10 A less common form of PLSVC is seen, with 
persistence of the left SVC (L SVC) and absence of the 
right SVC in this patient with normal situs. The L SVC 
drains to the coronary sinus (arrow); the roof of the coro-
nary sinus is intact (proved by the difference in density of 
contrast in the left atrium (LA) and the coronary sinus). 
The ascending aorta (AAo) and main pulmonary artery 
(MPA) have a normal relationship

Fig. 4.11 The brachiocephalic vein (arrows) courses 
from right to left, anterior to the brachiocephalic arteries 
(bracket), to the left superior vena cava (L SVC). The 
right SVC is absent

Fig. 4.12 A 3D surface rendered reconstruction shows 
the position of the brachiocephalic vein (arrow) which 
courses anterior to the ascending aorta (AAo) and main 
pulmonary artery (MPA) and drains to the left SVC (L 
SVC)
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4.4  Coarctation of the Aorta

Coarctation of the aorta refers to focal stenosis of 
the aorta. The most common location of coarcta-
tion is at the aortic isthmus (also referred to as the 
aortic infundibulum), at the insertion of the duc-
tus arteriosus.

The ductus arteriosus is an in utero structure 
which allows blood flow from the right side of 
the heart to the descending aorta. Histologically, 
the ductus arteriosus is composed of loosely 
arranged muscular fibers and connective tissue 
matrix surrounded by an adventitial layer of 
fibrous connective tissue which is contiguous 
with the adventitia of the aorta and pulmonary 
artery. The regularly spaced internal elastic 
lamellae seen in the wall of the muscular wall of 
the aorta or pulmonary artery are absent in the 
ductus arteriosus [4]. Ductal intima is composed 
of a thick irregular cell layer with mucoid mate-
rial. It was found several years ago that the intima 
of the ductus arteriosus which has not closed nor-
mally contains a subendothelial internal elastic 
lamina [5, 6]. The tissues of the aorta and ductus 
arteriosus behave differently after birth when 
changes in oxygen tension occur in the blood, 
resulting in closure of the ductus arteriosus 
within a few days after birth [5, 7].

In the 1979 paper by Ho and Anderson, histo-
logical findings showed evidence of extension of 
ductal media tissue into the isthmus and proximal 
descending aorta (DAo), resulting in varied degrees 
of coarctation. The differences in the response of 
each tissue type are thereby responsible for coarcta-
tion; ductal tissue, infiltrated, or misplaced into the 
aorta responding normally, constricts resulting in 
narrowing of the aorta. Occasionally, ductal tissue is 
suspected to be present in the origin and proximal 
left subclavian artery as stenosis of this vessel may 
be found in coarctation patients.

Concurrent with coarctation of the aorta, tubu-
lar hypoplasia of the aortic arch, and bicuspid 
aortic valve are not uncommon. These associa-
tions raise concern that a generalized aortopathy 
is present in patients so affected.

The classification of coarctation into pre-ductal 
and post-ductal lesions has long been known to be 
ineffectual. Terminology has changed, for the past 
few decades the term juxtaductal is used to describe 
the typical location and etiology of aortic coarcta-

tion; for all practical purposes simply using the 
word coarctation is adequate. Further, descriptions 
of a “shelf” of aortic and ductal intimal tissue which 
have been described are also probably not accurate 
and the partial or completely circumferential nar-
rowing of the aorta is due to extension of ductal tis-
sue into the media of the aorta.

4.4.1  Clinical Presentation

4.4.1.1  Fetus
The diagnosis of coarctation in the fetus is diffi-
cult, perhaps due to challenges in obtaining 
acoustic window and the small size of cardiac 
structures. Prenatal diagnosis may be suspected if 
there is right/left asymmetry of the heart.

4.4.1.2  Infants
It is most common that coarctation of the aorta is 
diagnosed in utero or in the newborn period. In 
utero, a routine fetal anatomic examination 
includes visualization of the aortic arch and 
direction of blood flow in the ductus arteriosus 
which should be patent.

A murmur that persists beyond the time of 
expected closure of the ductus arteriosus sug-
gests a shunt lesion or perhaps coarctation. 
Echocardiography is indicated as the first 
examination.

The caliber of the aortic arch, brachiocephalic 
artery branching, and the presence of ductal 
patency, coarctation, atrial or ventricular septal 
defect, or lack thereof should be documented.

4.4.1.3  Older Children and Adults
Diagnosis of coarctation of the aorta may escape 
clinical awareness either because it is clinically 
inconsequential or due to a lack of concern on the 
part of the primary physician, even if a murmur 
or other signs are present. Bilateral upper and 
lower extremity pulse and blood pressure may 
not be routinely performed as part of a physical 
exam unless the diagnosis is first suspected.

Depending upon the severity of the coarcta-
tion development of compensatory collateral 
blood flow around the coarctation will be well 
developed, with large caliber intercostal, internal 
mammary, axillary, and vertebral collateral arter-
ies which supply the descending aorta.
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4.4.2  Case 4.6

A 1-day-old newborn male has a prenatal diagnosis 
of hypoplasia of the aortic arch and coarctation of 
the aorta. He is treated with intravenous prostaglan-
din to maintain patency of the ductus arteriosus in 
order to maintain blood flow to the descending 
aorta. In order to better define the severity of arch 

hypoplasia and coarctation as well as branching pat-
tern of the brachiocephalic arteries from the arch 
prior to surgical intervention, cardiac CTA was 
requested. See Figs. 4.13 and 4.14.

In reporting the findings, it is helpful to the 
surgeon to measure the diameter of each segment 
of the aorta and the length of the hypoplastic 
segments.

Fig. 4.13 A sagittal oblique “candy cane” view of the 
aortic arch shows hypoplasia of the transverse (short 
bracket) and distal (long bracket) segments of the arch 
and elongation of the distal segment as well as discrete 
narrowing or coarctation (arrow)

Fig. 4.14 A 3D surface rendered view of the aorta shown 
from a posterior perspective reveals the hypoplastic aortic 
arch and normal branching pattern of the brachiocephalic 
arteries; innominant or brachiocephalic artery (B), left 
common carotid artery (LCC), and left subclavian artery 
(LSc). The elongated segment of the distal aortic arch and 
discrete coarctation (arrow) are also shown
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4.4.3  Case 4.7

A 15-year-old boy reported intermittent left arm 
pain at his school physical examination. His 
pediatrician heard a low pitched murmur through-
out systole and the first part of diastole and found 
relatively lower blood pressure in the left upper 
extremity compared to the right upper extremity 
and decreased femoral pulses. Subsequently, an 
echocardiogram showed acceleration of blood 
flow velocity in the proximal descending aorta 
and discrete coarctation of aorta. Cardiac CTA 
was requested in order to better reveal the degree 

of coarctation and extent of collateral arteries. 
See Figs. 4.15, 4.16, and 4.17.

Fig. 4.17 This 3D surface rendered image of the heart and 
collateral arteries shows large caliber right and left internal 
mammary (IMA), axillary (red arrow), lateral thoracic 
(open arrow), and intercostal (white arrow) arteries

Fig. 4.16 The DAo and intercostal arterial collaterals 
(arrows) and the discrete coarctation (oval) are again seen in 
this 3D surface rendered cardiac CTA reconstruction. The 
left subclavian artery (LSc), proximal to the coarctation is 
large caliber; the aortic arch has been cut away (red arrow)

Fig. 4.15 A coronal reformatted maximum intensity pro-
jection (MIP) image of the thoracic descending aorta 
reveals large caliber intercostal arterial collaterals (arrows) 
draining to the aorta distal to the discrete coarctation (oval)
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4.5  Interrupted Aortic Arch

Discontinuity of the lumen of the aortic arch, or 
interruption of the aortic arch (IAA), is a rare 
congenital vascular anomaly (<1.5%), which can 
occur in any arch segment. Interruption just distal 
to the left subclavian artery (type A) occurs in 
nearly 1/3 of cases, when between the left com-
mon carotid artery and the left subclavian artery 
(type B) interruption is more common, found in 
more than 2/3 of patients, and the rarest variety of 
arch interruption which is seen in only 3–5% 
occurs between the brachiocephalic and the left 
common carotid arteries (type C).

The embryologic basis of the segments of the 
aorta, pulmonary arteries, and major branch bra-
chiocephalic arteries lies in the development and 
regression of a series of paired vessels which 
form within the pharyngeal pouches around the 
pharynx. Each pharyngeal pouch contains endo-
dermal tissue, including a vascular component 
termed a pharyngeal or aortic arch and neural 
crest cells which influence development and 
migrate to the heart. Six pairs of aortic arches 
connect the dorsal aortae to the aortic sac.

As development proceeds the first, second, 
and fifth paired arches involute almost entirely; 
with only small remnants persisting as the first 
pair forms maxillary and partial external carotid 
artery segments. The second paired arches persist 
as the stapedial arteries of the middle ear; the 
fifth pair completely regresses during the fetal 
period in about 50%, and forms only transient 
rudimentary vessels in the other 50%. The third, 
fourth, and sixth pharyngeal arches give rise to 
segments of the aorta and major branching arter-
ies. The third pharyngeal arches become the 
common and internal carotid arteries. The right 
and left fourth arches develop independently. The 
left fourth pharyngeal arch, along with the dorsal 
aorta and the aortic sac, forms the arch of the 
aorta; the right fourth arch, along with the sev-
enth intersegmental artery, contributes to the for-
mation of the right subclavian artery. The right 

and left sixth pharyngeal arch arteries also 
develop uniquely; the distal right sixth arch 
degenerates completely and the proximal persists 
as the proximal right pulmonary artery. The left 
sixth arch creates left pulmonary artery and the 
ductus arteriosus.

The site of each type of aortic arch interrup-
tion may be based in this embryology. IAA type 
A may be the result of abnormal regression of the 
left fourth aortic arch just beyond the left subcla-
vian artery origin, at the site of its connection 
with the dorsal aorta. IAA type B occurs when a 
segment of the left fourth aortic arch regresses 
abnormally between the origins of the common 
carotid arteries. Type C IAA occurs when the left 
ventral third and fourth aortic arches regress, 
resulting in a proximal interruption, while the 
common carotid arteries form from tissue which 
would typically regress if the aortic arch had 
formed normally.

IAA is often associated with other cardiovas-
cular abnormalities, most often patent ductus 
arteriosus which maintains perfusion to the 
descending aorta in utero. Only rarely is IAA an 
isolated cardiovascular malformation.

4.5.1  Pearls (•) and Pitfalls (#)

• Clinical suspicion of IAA may not occur until 
the ductus arteriosus begins to close.

# Severe coarctation of the aorta may pres-
ent in a similar manner or have complications 
similar to those seen in patients with IAA.

4.5.2  Clinical Presentation

A newborn with suspected aortic arch hypoplasia 
and coarctation of the aorta on prenatal US 
underwent postnatal echo which raised suspicion 
of interruption of the aortic arch; cardiac CTA 
was requested for further definition of the aortic 
arch.
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4.5.3  Case 4.8 Presentation

See Figs. 4.18, 4.19, 4.20, and 4.21.

Fig. 4.20 A four-chamber view of the heart confirms the 
defect in the interatrial septum (arrow)

Fig. 4.21 The findings of a type A interruption are easily 
seen on a 3D surface rendered CTA image. The ascending 
aorta (AAo) is normal caliber and the three brachioce-
phalic arteries branch from the proximal aortic arch. The 
aortic arch is interrupted distal to the left subclavian artery 
(bracket). The main pulmonary artery (MPA) exits the 
right ventricle (RV) and continues as the patent ductus 
arteriosus (PDA) to supply blood flow to the descending 
aorta (DAo)

Fig. 4.18 An in-and-out view of the left side of the heart 
shows the left atrium (LA), left ventricle (LV), the left ven-
tricular outflow tract, and the aortic valve (arrow). The ascend-
ing aorta is normal caliber but the aortic arch is interrupted

Fig. 4.19 A sagittal oblique view which includes the ascend-
ing (AAo) and descending (DAo) aorta shows the type A 
interruption of the aortic arch (bracket), just distal to the left 
subclavian artery origin. The patent ductus arteriosus (PDA) 
connects the main pulmonary artery (MPA) to the DAo. A 
small volume of contrast spills from the left (LA) to the right 
atrium (RA), through the patent foramen ovale (arrow)

4 Pediatric Cardiac CTA



62

4.5.4  Clinical Presentation

A newborn with diagnosis of right ventricle 
hypertrophy and a dysplastic pulmonic valve on 
prenatal echocardiogram has an additional diag-
nosis of suspected interruption of the aortic arch 
on a postnatal echo. Cardiac CTA was requested 

to further characterize the aortic arch and anat-
omy of the brachiocephalic artery origins.

4.5.5  Case 4.9 Presentation

See Figs 4.22, 4.23, 4.24, and 4.25.

Fig. 4.22 An axial oblique view of the heart shows the 
proximal ascending aorta (AAo) and the pulmonic valve 
(PV); thickened soft tissue (arrow) of the dysplastic pul-
monic valve leaflets is prominent

Fig. 4.23 An axial oblique view of the superior mediasti-
nal structures shows the ascending (AAo) and descending 
(DAo) aorta and the main (MPA), right (RPA) and left 
(LPA) pulmonary arteries as well as the patent ductus 
arteriosus (PDA) which supplies blood flow to the DAo 
distal to the aortic arch interruption

Fig. 4.24 The four-chamber view confirms right ventri-
cle (RV) hypertrophy (white bracket), secondary to steno-
sis of the dysplastic and stenotic pulmonic valve. The left 
ventricle (LV) is normal volume

Fig. 4.25 A 3D surface rendered view of the heart shows the 
ascending (AAo) and descending (DAo) aorta, and absence of 
a connection between the two segments. The type B interrup-
tion in the aortic arch is between the left common carotid (L 
CCA) and the left subclavian (L Sc) arteries. The patent duc-
tus arteriosus (PDA) provides blood flow to the descending 
aorta (DAo) from the main pulmonary artery (MPA) to the 
DAo. The origin of the right subclavian artery (R Sc) is aber-
rant, from the distal aortic arch
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4.6  Truncus Arteriosus

In the early stages of cardiac embryology, bilat-
eral heart tubes fold to form the atria and ventri-
cle chambers of the heart. At the cephalad margin 
of the heart tubes is the primitive conus which 
has vertical and horizontal portions and becomes 
ventricular outflow tract including the tissue 
which divides the outflow. Shortly thereafter, the 
truncus arteriosus forms above the outflow tracts 
then twists and divides to form the aorta and main 
pulmonary artery and fuses with the primitive 
conus. The ventriculoarterial (aortic and pul-
monic) valves form in the plane at which and the 
conus and truncus arteriosus meet.

Formation and division of the truncus arterio-
sus is based on the precision and timing as well as 
signals from neural crest tissue. Although rare 
(1–3 in 10,000) errors occur, the development of 
the truncus arteriosus may not divide completely 
to a separate aorta and main pulmonary artery but 
persists as a single or common truncal vessel aris-
ing above the primitive conus; this malformation 
or failed septation is named after the embryologic 
structure, the truncus arteriosus (TA). The branch 
pulmonary arteries arise from the common truncus 
either as a common trunk which divides to the 
right and left (type 1) or from separate origins, 
usually from the posterolateral surface of the com-
mon truncus (type 2). While other variations, 
namely pulmonary arteries from the ductus arteri-
osus, descending aorta, or the ventral surface of 
the common truncal vessel have been reported and 
more elaborate classification schemes have been 
published, TA type 1 and TA type 2 are the com-
monest, most clinically relevant forms.

The ventriculoarterial valves also typically 
malformed when the TA is maldeveloped, exist-
ing as a single truncal valve, most often with 
morphology of the aortic valve and trileaflet, 
though a bicuspid valve, or a quadricuspid valve 
which incorporates pulmonic valve tissue may be 
seen. The coronary artery origins may also be 
abnormal.

Associated congenital heart defects include 
ventricular septal defect (VSD), transposition of 
the great arteries (TGA), double outlet right ven-
tricle (DORV), and conduction abnormalities.

4.6.1  Pearls (•) and Pitfalls (#)

• The truncal valve is most often morphologi-
cally similar to the aortic valve.

• Truncus arteriosus represents failure of 
septation of the primitive structure rather than an 
abnormal communication between the aorta and 
main pulmonary artery.

# A focal abnormal communication between 
otherwise normally formed aorta and pulmonary 
artery is called an aorticopulmonary (AP) window.

4.6.2  Clinical Presentation

A newborn was suspected to have a diagnosis of 
tetralogy of Fallot on prenatal echocardiogram 
due to small caliber branch pulmonary arteries. 
Postnatal echo revealed findings of truncus arte-
riosus and a dysplastic truncal valve. As branch 
pulmonary artery anatomy remained in question, 
cardiac CTA was requested.
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4.6.3  Case 4.10 Presentation

See Figs. 4.26, 4.27, 4.28, and 4.29.

4.6.4  Clinical Presentation

A newborn with a known diagnosis of truncus 
arteriosus on prenatal echocardiography under-
went cardiac CTA so branch pulmonary artery 
anatomy could be evaluated.

Fig. 4.27 The truncal valve is seen in this axial oblique maxi-
mum intensity projection (MIP) image. The right (RA) and left 
(LA) and position of the interatrial septum (open arrow) are 
seen. The truncal valve with predominantly aortic morphology 
has a noncoronary artery cusp (black arrow) nearly aligned 
with the interatrial septum, right coronary cusp (double arrow) 
and a larger, dysmorphic cusp (dotted line) which is likely 
composed of left coronary cusp and pulmonic valve tissue

Fig. 4.26 A sagittal oblique view of the base of the heart 
shows the common truncal vessel (TrA) and conal tissue 
(Co) under the common truncal valve which appears to 
have components of both the aortic (black bracket) and 
pulmonic (white bracket) valves. The left pulmonary 
artery (LPA), but not the right pulmonary artery, is seen
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Fig. 4.28 A two-chamber view of the left side of the 
heart shows the left ventricle (LV) and atrium (LA) and 
the posterior aspect of the truncus arteriosus which 
reveals the pulmonic component of the TA which has a 
common origin several millimeters above the truncal 
valve (white bracket). The right (RPA) and left (LPA) 
branch pulmonary arteries bifurcate several millimeters 
above the common pulmonary origin. Myocardial tissue 
(Co) which divides and forms the ventricular outflow 
below the common truncal valve originates from the 
primitive conus

Fig. 4.29 The complex plane of the common truncal 
valve composed of aortic (black bracket) and pulmonic 
(white bracket) tissue divides tissue from the primitive 
conus (Co) and the truncus (TrA). The left pulmonary 
artery (LPA) obscures view of the right pulmonary artery 
(arrow)
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4.6.5  Case 4.11 Presentation

See Figs. 4.30, 4.31, 4.32, and 4.33.

Fig. 4.30 An axial oblique view of the heart shows the 
separate origins of the right (RPA) and the left (LPA) pul-
monary arteries from the common truncal vessel (TrA) and 
the outflow tract, the lumen of the primitive conus (CO)

Fig. 4.31 An axial oblique view of the heart shows bicus-
pid morphology of the truncal valve. The anterior leaflet is 
larger and two smaller posterior leaflets are fused (white 
dotted outline). The fish mouth shape of the valve orifice 
(black dotted outline) is typical of a bicuspid aortic valve

Fig. 4.32 An in and out maximum intensity projection 
(MIP) image of the left side of the heart shows the left 
atrium (LA), left ventricle (LV), and the outflow tract 
which is composed of tissue derived from the primitive 
conus (CO). Separate origins of the right (RPA) and left 
(LPA) pulmonary arteries arise just above the truncal 
valve (bracket)

Fig. 4.33 The descending aorta has been cut away in this 
3D surfaced rendered view of the posterior surface of the 
heart. From the posterolateral surface of the common 
truncal vessel the right (RPA) and left (LPA) branch pul-
monary artery origins are separate. The aortic arch (AA), 
left atrium (LA), and left ventricle (LV) are normal
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4.7  Vascular Rings

Embryological development of the heart and its 
vessels begins around 20 days and proceeds 
through the eighth week of gestation. The 
development of the great vessels, the aorta and 
pulmonary arteries, and the head and neck ves-
sels, or brachiocephalic arteries proceeds 
through organized stages of involution, coales-
cence, and septation which typically result in a 
left-sided aortic arch with three brachiocephalic 
arteries branching from the arch and a main 
pulmonary artery which branches to the right 
and left [8, 9].

During development, the distal outflow por-
tion of the primitive embryonic heart tube sepa-
rates, forming six paired arches termed aortic 
or pharyngeal arches. The first, second, and 
fifth paired arches involute almost entirely; 
remnants of the first pair forms maxillary and 
external carotid artery segments, the second 
pair persists only as the stapedial arteries of the 
middle ears, and the fifth pair completely 
degenerates during the fetal period in about 
50%, and forms only transient rudimentary ves-
sels in the other 50% of humans. The third, 
fourth, and sixth arches give rise to parts of the 
aorta and brachiocephalic arteries. Segments of 
the third arches form the common and internal 
carotid arteries. The right and left fourth arches 
develop independently. On the right, the fourth 
arch and the seventh intersegmental artery con-
tribute to the formation of the right subclavian 
artery. The left fourth pharyngeal arch artery, 
along with the dorsal aorta and the aortic sac 
forms the arch of the aorta. The right and left 
sixth aortic arches also develop uniquely. The 
distal right sixth arch degenerates completely 
but the proximal segment persists as the proxi-
mal right pulmonary artery. The left sixth arch 
becomes left pulmonary artery and the ductus 
arteriosus [9].

When all of these stages of vascular develop-
ment and regression proceed in a normal fashion, 
the usual left aortic arch is the usual result. There 
are however variations in this developmental pat-
tern which may occur in isolation or in conjunc-
tion with complex congenital heart disease. A 
right arch with mirror image branching is found 
when these steps proceed in the opposite right to 
left relationships and when not associated with 
another congenital heart defect is an isolated and 
benign condition [10].

Symptomatic aortic arch anomalies can occur 
in isolation or in combination with complex 
congenital heart disease. When an arch anomaly 
is present, it is vital to examine the course and 
caliber of the trachea, the position of the carina 
and branching pattern of the trachea to the main 
bronchi, and the course of the esophagus. The 
normal situation is that the aortic arch is to the 
left of the trachea, therefore a left aortic arch. A 
right aortic arch lies to the right of the trachea. 
When both the right and left sixth arches persist, 
a double aortic arch is present. The typical 
arrangement of arch anatomy results in a larger 
caliber right arch which lies more cephalad in 
relation to the left arch. Brachiocephalic artery 
branching is a common carotid artery and sub-
clavian artery from each arch and the descend-
ing aorta (DAo) can lie to the left, right, or 
midline [11].

A vascular ring composed of the two aortic 
arches is created by the double aortic arch; the 
ring encircles the trachea and esophagus. The 
vascular ring may also be present when a right 
aortic arch is accompanied by an aberrant origin 
and course of the left subclavian artery and either 
a patent ductus arteriosus (PDA) or an atretic 
ductus arteriosus or the ductal ligament [12]. 
When a left aortic arch is accompanied by an 
aberrant right subclavian artery, even when a 
PDA or ductal ligament is present, a vascular ring 
is not.
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Other variations in aortic arch embryologi-
cal development may result in a true vascular 
ring, left aortic arch with an aberrant origin of 
the right subclavian artery and a right-sided 
ligamentum arteriosum, or a left or right cir-
cumflex aortic arch, characterized by the retro-
esophageal position of the distal aortic arch and 
contralateral position of the DAo. Not uncom-
monly a diverticulum at the aorta insertion site 
of the ductus arteriosus may be present, as 
described by Kommerell [13]. Though not a 
true vascular ring, the presence of the diverticu-
lum may cause symptoms of dysphagia which 
are similar to those experienced by patients 
with a ring.

4.7.1  Case 4.12

A newborn presents with wheezing and feeding 
difficulty on day of life 2. Following a chest 
radiograph which was indeterminate for aortic 
arch position and an echocardiogram which was 
limited due to excessive crying, a low dose CTA 
of the chest was performed to investigate detailed 
anatomy of the aortic arch and the tracheobron-
chial tree.

See Figs. 4.34, 4.35, 4.36, and 4.37.

Fig. 4.34 An axial MIP image just above the level of the 
aortic arches shows the typical arrangement of the bra-
chiocephalic vessels in a patient with double aortic arches; 
a common carotid artery (CCA) and subclavian artery 
(Sc) arise from both the right and left arches
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Fig. 4.36 In a coronal reformation, the distal right (white 
arrow) and left (black arrow) aortic arches and the right 
(R Sc) and the left (L Sc) subclavian arteries are noted. 
The descending aorta (DAo) is to the left of the spine

Fig. 4.35 An axial oblique MIP image shows both aortic 
arches as they form a vascular ring; the arches encircle a 
nasogastric tube (black arrow) and endotracheal tube 
(white arrow) which define the position of the esophagus 
and trachea

Fig. 4.37 A 3D surface rendered reconstruction shows 
the double aortic arch and vascular ring anatomy from a 
posterior view (dotted ellipse)
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Fig. 4.39 An axial MIP image reveals the asymmetric 
caliber of the right (R) and left (L) aortic arches

Fig. 4.40 At the level of the sinuses of Valsalva, the coro-
nary artery origins are clearly seen. The DAo is on the 
right

Fig. 4.38 An axial MIP view above the aortic arch shows 
the position of the right (R CCA) and left (L CCA) carotid 
and the right (R Sc) and left (L Sc) subclavian arteries and 
the air filled esophagus and trachea lying between the sets 
of arteries

4.7.2  Case 4.13

An 18-month-old infant has swallowing diffi-
culty with solids. Her pediatrician ordered a 
swallow study which showed a posterior extrin-
sic impression on the upper esophagus (not 
shown). A low dose cardiac CTA of the aorta was 
subsequently performed.

See Figs. 4.38, 4.39, 4.40, and 4.41.
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4.7.3  Case 4.14

A third newborn presented with anomalous pul-
monary venous connection for which a cardiac 
CTA was requested. See Fig. 4.42.

Fig. 4.41 A 3D surface rendered view of the aortic arches 
from the posterior projection shows there is apparent dis-
continuity in the distal left arch (bracket). As this segment 
does not fill with contrast material, it appears as if the ves-
sel is discontinuous. In reality, there is an atretic segment 
of the left arch which remains as a “ligament,” completing 
the vascular ring

Fig. 4.42 In addition to anomalous pulmonary venous 
drainage (not shown), this patient also has a right aortic 
arch (white arrows) and an aberrant origin and course of 
the right subclavian artery (black arrow). With this anat-
omy a vascular ring is completed with a ductal ligamen-
tum arteriosum which extends between the left pulmonary 
artery (LPA) and the subclavian artery (bracket). The right 
pulmonary artery (RPA) is also seen
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4.8  Transposition of the Great 
Arteries (TGA)

Transposition of the great arteries (TGA), a rare 
form of congenital heart disease (3%), occurs in 
a variety of arrangements, depending upon the 
direction of ventricular looping, presence or 
absence of intraventricular septal defects, and 
displacement of the intraventricular septum. 
These variations include TGA with ventricular 
septal defect (VSD), which is most common, 
TGA with intact ventricular septum, and TGA 
with VSD and left ventricular outflow tract 
obstruction (LVOT).

Early in embryogenesis, a crescent of cardio-
genic tissue forms a tube which folds (loops) 
upon itself and divides into the atria, left ventri-
cle, bulbus cordis (right ventricle) and truncus 
arteriosus (which divides into the great arteries, 
the ascending aorta and main pulmonary artery). 
Normally the cardiogenic crescent folds to the 
right (dextro, D) – forming a D-loop – which 
positions the bulbus cordis to the right of the left 
ventricle. When the cardiogenic crescent folds 
leftward (levo, L) – forming an L-loop – the right 
ventricle is positioned to the left. D-looping is 
found in normal hearts and in D-TGA while 
L-looping is seen in L-TGA. In either condition 
the heart may be normally positioned in the left 
side of the chest or may be rotated or malposi-
tioned into the right side of the thorax. Whether 
there is D-looping or L-looping of the heart tube 
the atrioventricular valve accompanies its ventri-
cle; i.e., the tricuspid valve remains connected to 
the morphologic right ventricle and the mitral 
valve associated with the morphologic left 
ventricle.

As ventricular looping occurs the right and 
left ventricles are separated by a layer of myocar-
dium, the intraventricular septum. The intraven-
tricular septum is contiguous with the conal 
septum, tissue composed from the portion of the 
bulbus cordis that separates the right and left ven-
tricular outflow tracts. These details of cardiac 
embryology help in understanding how forma-
tion of the intraventricular septum and ventricu-

lar looping are linked and perhaps why septal 
defects and septal displacement occur in TGA.

In TGA the origins of the coronary arteries as 
they arise from the aortic sinuses of valsalva have 
an abnormal position relative to the pulmonary 
artery and are therefore named differently. The 
aortic sinuses that lie adjacent to or “face” the 
pulmonary artery are referred to as the right-fac-
ing and left-facing sinus. The third sinus, the one 
that lies anterior and lateral and does not about 
the pulmonary artery, is labeled the non-facing 
sinus. It is important to note the position of the 
coronary arteries in your report of the cardiac 
CTA exam as this important finding which may 
change how and arterial switch procedure is 
performed.

4.8.1  Levo-Transposition 
of the Great Vessels (L-TGA)

L-TGA is a rare congenital heart malformation 
(<1%) which results in malposition or inversion 
of the position of the ventricular chambers of the 
heart. Ventricular inversion (RV in the LV posi-
tion and LV in the RV position) results in both 
atrioventricular and ventriculoarterial discor-
dance, which is often referred to as physiologi-
cally or “congenitally” corrected transposition. 
Patients are not cyanotic unless there is an addi-
tional intracardiac defect. L-TGA patients with-
out cyanosis may live in a seemingly normal 
manner even into adulthood before becoming 
symptomatic.

The morphologic left atrium lies on the left, 
receives oxygenated blood through pulmonary 
veins and drains it through the tricuspid valve, 
to the morphologic right ventricle which lies to 
the left, and pumps blood through the aortic 
valve to the systemic circulation (left–right–
left). The morphologic right atrium lies on the 
right, receives deoxygenated systemic venous 
blood from the superior and inferior vena cavae 
and the coronary sinus and drains it through 
the mitral valve into the morphologic left ven-
tricle which lies on the right, and pumps it 
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through the pulmonic valve to the lungs (right–
left–right). The position and relationship of the 
aortic and pulmonic valves is abnormal when 
L-looping of the ventricles occurs, with the 
aortic valve lying anterior and to the left of the 
pulmonic valve resulting in a discordant rela-
tionship between the ventricles and great arter-
ies. The atria and ventricle relationship is also 
discordant.

Oxygenated and deoxygenated blood flow is 
separated in patients with L-TGA as in a normal 
heart, so it is possible for patients with “cor-
rected” or L-TGA survive, sometimes well into 
adulthood, without knowledge of their congeni-
tal heart disease. Though the arrangement of 
cardiac chamber inflow, outflow, and arterial 
vascular supply is normal, the right ventricle is 
the systemic pumping chamber, delivering 
blood to the high resistance systemic arterial 
bed, a situation for which the right ventricle is 
not built, at least not for the long term. Initially 
the RV responds to this inappropriate stress with 
hypertrophy, but over time becomes dilated and 
eventually, the RV fails and will no longer be 
capable of pumping against systemic arterial 
pressures. The LV pumps blood to the lower 
resistance pulmonary arterial bed, and over the 
long term, the normally muscular myocardium 
becomes deconditioned. The plumbing is as 
important to understand as the anatomy because 
the potential for successful surgical palliation/
repair of L-TGA decreases if the diagnosis is 
delayed or goes unrecognized for months or 
even years, as both ventricles fail in their own 
manner. A deconditioned LV cannot often in be 
successfully retrained to be a systemic 
chamber.

4.8.2  Clinical Presentation

A newborn with history of L-TGA on fetal echo-
cardiography underwent cardiac CTA after pul-
monary venous anatomy was not completely 
defined on an early postnatal echocardiogram 
and oxygen saturation was persistently decreased.

4.8.3  Case Presentation

See Figs. 4.43, 4.44, and 4.45.

Fig. 4.43 An axial oblique image oriented to the proxi-
mal ascending aorta (AAo) and main pulmonary artery 
(MPA) is shown to confirm relative position of the aortic 
and pulmonic valves. The aortic valve lies anterior and to 
the left of the pulmonic valve

Fig. 4.44 The right (RA) and left (LA) atria are in normal 
position. The appearance of the ventricles (V) is abnormal; 
the intraventricular septum is absent, resulting in single 
ventricle physiology; the moderator band is not shown in 
this image but is in the posterior, morphologic right ven-
tricle. The pulmonary veins drain to a narrow confluence 
(arrow) into the left atrium. Thought not anomalous, to an 
inappropriate chamber, there may be a degree of obstruc-
tion to pulmonary vein drainage with this configuration
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4.8.4  Dextro-Transposition 
of the Great Vessels (D-TGA)

D-TGA, also a rare congenital heart malforma-
tion but more common than L-TGA, results in 
malposition of the great vessels as they arise 
from the heart. The aortic valve lies anterior and 
to the right of the pulmonic valve and has an 
abnormal relationship with the cardiac ventricles, 
or ventriculoarterial discordance. The aorta arises 
from the RV and the pulmonary artery arises 
from the LV. The right and left atria have a nor-
mal anatomic relationship with the right and left 
ventricles, atrioventricular concordance. Patients 
are typically cyanotic, a problem which is most 
severe if there is not a ventricular septal defect 

(VSD) because the blood flow circuits are paral-
lel and do not mix.

The morphologic left atrium lies on the left, 
receives oxygenated blood through pulmonary 
veins and drains it through the mitral valve, to 
the morphologic left ventricle which lies on the 
left, and pumps blood through the pulmonic 
valve to the lungs (left–left–right). The morpho-
logic right atrium lies on the right, receives 
deoxygenated systemic venous blood from the 
superior and inferior vena cavae and the coro-
nary sinus and drains it through the tricuspid 
valve to the morphologic right ventricle which 
lies on the right, and pumps it through the aortic 
valve to the aortic valve to the systemic circula-
tion (right–right–left). The position and relation-
ship of the aortic and pulmonic valves is 
abnormal when D-looping of the ventricles 
occurs, with the aortic valve lying anterior and to 
the left of the pulmonic valve and a discordant 
relationship between the ventricles and great 
arteries. The atrial and ventricle relationship is 
also discordant.

Oxygenated and deoxygenated blood flow cir-
cuits are separate and parallel in patients with 
D-TGA, rather than in series, resulting in oxy-
genated blood continually drained by and then 
supplied to the lungs and deoxygenated blood 
continually drained from and then supplied to the 
systemic circulation. It is obvious that this situa-
tion is not sustainable as oxygenated blood never 
reaches the system circulation, the brain, other 
organ systems, and ultimately life is not sustain-
able. In newborns an atrial septal defect (ASD), 
ventricular septal defect (VSD), or other shunt is 
required to allow flow of oxygenated blood to the 
systemic circulation. If not present, intervention 
to create this shunt is required in order to main-
tain life until to allow flow of oxygenated blood 
to the systemic circulation. If not present, inter-
vention to create this shunt is required in order to 
maintain life until definitive surgical palliation 
can be performed.

Fig. 4.45 A 3D surface rendered image of the heart 
shows the abnormal anterior position of the aortic valve 
and therefore the ascending aorta (AAo) to the pulmonic 
valve in relation to the main pulmonary artery (MPA). The 
AAo and MPA course is parallel to one another, rather 
than crossing as seen in a normal heart. In addition to 
L-TGA this patient also has a hypoplasia of the aortic arch 
(white arrow) and a large caliber patent ductus arteriosus 
(PDA) (black arrow)
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4.8.5  Pearls (•) and Pitfalls (ü)

• Use an axial oblique image plane to accu-
rately identify the position of the aortic and pul-
monic valves.

• Normally the aortic valve is posterior and 
slightly to the right of the pulmonic valve. In 
D-TGA the aortic valve is anterior and to the 
right; in L-TGA the aortic valve is anterior and to 
the left.

ü Be certain to identify associated cardiac 
abnormalities; ASD, VSD, and DORV are com-
monly found in patients with TGA.

ü Patients with L-TGA may survive into 
adulthood; their congenital heart disease may be 
first discovered on chest CT performed for other 
reasons.

4.8.6  Clinical Presentation

A newborn with a prenatal diagnosis of D-TGA 
is not cyanotic. Postnatal echocardiogram shows 
a large secundum atrial septal defect (ASD) and 
multiple muscular ventricular septal defects 
(VSD). The coronary artery origins were not 
well visualized on echo images. As an arterial 
switch procedure which includes reimplantation 
of coronary arteries was planned, cardiac CTA 
was requested to delineate coronary artery 
origins.

4.8.7  Case Presentation

See Figs. 4.46, 4.47, 4.48, and 4.49.

Fig. 4.46 An axial oblique image oriented to the proxi-
mal ascending aorta (AAo) and main pulmonary artery 
(MPA) indicating the relative position of the aortic and 
pulmonic valves. The aortic valve lies anterior and to the 
right of the pulmonic valve

Fig. 4.47 A four-chamber view of the heart shows nor-
mal right atrial (RA) to right ventricle (RV) and left atrial 
(LA) to left ventricle (LV) relationships, atrioventricular 
concordance. The moderator band (double arrow), a mor-
phologic feature of the RV, is in the anterior ventricle, 
indicating D-looping. An apical muscular ventricular sep-
tal defect (VSD) (black bracket) and a secundum atrial 
septal defect (ASD) (white bracket) are seen
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Fig. 4.48 The ascending aorta (AAo) and main pulmo-
nary artery (MPA) lie parallel in a sagittal oblique view 
rather than crossing as in a normal heart. A mid-chamber 
muscular VSD (black bracket) near the base of the heart is 
between the LV and RV. The origin of the left coronary 
artery (arrow) arises from the left non-facing cusp of the 
aorta. The origin of the right coronary artery arises from 
the facing sinus, adjacent to the MPA (open arrow)

Fig. 4.49 A 3D surface rendered CTA image shows the 
anterior position of the ascending aorta (AAo) and the ori-
gin of the left coronary artery (arrow), arising from the 
non-facing cusp of the aorta. The origin of the right coro-
nary artery from the right facing sinus of the aorta is not 
seen in this image. The right non-facing sinus is indicated 
(black arrow)
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4.9  Tetralogy of Fallot (TOF)

In congenital heart disease, it is common to find 
more than one cardiac defect in a patient. Though 
described by others previously a group of four 
cardiac defects often found together, known as 
the tetralogy of Fallot (TOF) was described by 
Dr. Étienne Fallot in 1888 [14]. The four cardiac 
defects often found together and are easily under-
stood in a cause and effect relationship. Stenosis 
of the right ventricular outflow tract (RVOT), pul-
monary artery, and/or pulmonic valve occurs due 
to superior and leftward displacement of the out-
let septum in the ventricular outflow tract which 
occurs at the time of formation and septation of 
the conus and the truncus arteriosus. Given 
abnormal division of the conus and truncus arte-
riosus resulting in small caliber structures on the 
right side of the heart, while left-sided structures 
are larger caliber than normal.

Stenosis or complete obstruction of right 
ventricle (RV) outflow may range from mild to 
severe narrowing of the pulmonary artery or 
atresia of the pulmonic valve and results in high 
pressure in and secondary hypertrophy of the 
RV, another of the lesions in the tetralogy. A 
ventricular septal defect (VSD), a third lesion 
of the tetralogy allows decompression of high 
pressure in the RV. Asymmetric division of the 
conus and larger size of the aortic valve and 
ascending aorta allows these structures to over-
ride the VSD and receive blood flow from both 
ventricles is the fourth component of TOF.

The mixture of blood from both ventricles is 
ejected to the aorta and systemic circulation 

along with a relative decrease in blood reaching 
the lungs to be oxygenated results in low oxygen 
saturation and cyanosis in most patients with 
TOF. TOF is the commonest form of cyanotic 
congenital heart disease (3 in 10.000 births). 
Spells of acute hypoxia in patients with TOF, 
termed “tet spells” are due to rapid onset of wors-
ened cyanosis and syncope.

TOF with pulmonary atresia is a severe vari-
ant which results in the formation of collateral 
pulmonary arterial supply, often in the form of 
major aorticopulmonary collateral arteries 
(MAPCAs) from the descending thoracic aorta 
or in pulmonary arteries arising from the duc-
tus arteriosus. As in other forms of congenital 
heart disease, additional cardiac lesions may 
accompany the tetralogy: right aortic arch 
(25%), anomalous coronary artery origin or 
course (10%), and bicuspid pulmonic valve 
(>50).

4.9.1  Pearls (•) and Pitfalls (√)

• Right ventricle infundibular, pulmonic valve, 
main pulmonary artery, branch pulmonary artery, 
and/or peripheral pulmonary artery stenosis may 
be present.

• The length of regional stenosis of the RV 
infundibulum or pulmonary arteries should be 
included in your report.

√ In patients with pulmonary atresia, 
branch pulmonary arteries may arise from the 
ductus arteriosus or as MAPCAs from descend-
ing aorta.
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4.9.2  Clinical Presentation

4.9.3  Case 4.15

After a prenatal echocardiogram which revealed 
diffuse narrowing of the pulmonary arteries, a 
diagnosis of TOF was suspected. Postnatal echo 
confirmed pulmonary artery narrowing, relative 
enlargement of the diameter of the ascending 
aorta as well as a large ventricular septal defect 
(VSD). Cardiac CTA was requested for assess-
ment of the aortic arch and branch pulmonary 
arteries (Figs. 4.50, 4.51, 4.52, and 4.53).

Fig. 4.50 An axial oblique view of the main pulmonary 
artery, right (RPA) and left (LPA) branch pulmonary arter-
ies shows narrowing of the pulmonic valve (arrow) as 
well as the large caliber ascending aorta (AAo). The 
descending aorta (DAo) lies to the right

Fig. 4.51 An axial oblique view of the left ventricular 
outflow tract shows a large ventricular septal defect (black 
bracket) and position of the aortic valve plane and ascend-
ing aorta (AAo) overriding the VSD. The free wall of the 
right ventricle (RV) is thickened (white bracket) due to 
hypertrophy and the RV appears larger volume than the 
left ventricle (LV)

Fig. 4.52 An axial view at the level of a right sided aortic 
arch (AA) shows the arch is to the right of the trachea (T). 
The azygous arch (Az) is also seen
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4.9.4  Case 4.16

A newborn with prenatal diagnosis of TOF under-
went chest radiograph and echocardiogram shortly 
after birth. The chest radiograph indicated the main 
pulmonary artery was small, a finding which was 
confirmed on echo. Cardiac CTA was requested to 
accurately evaluate the size of the pulmonary arter-
ies. See Figs. 4.54, 4.55, 4.56, and 4.57.

Fig. 4.53 A 3D surface rendered view of the heart shows 
the small caliber of the infundibulum (arrow) of the right 
ventricle (RV) and the enlarged apex of the RV (open 
arrows) which is due to RV hypertrophy. The left ventricle 
(LV) apex is less prominent than the RV apex. The ascend-
ing aorta (AAo) is much larger caliber than the RV out-
flow and main pulmonary artery

Fig. 4.54 A chest radiograph shows absence of the pulmo-
nary artery shadow along the left heart border (dotted circle), 
due to small size of the main and left pulmonary arteries in 
this patient, resulting in a marked concavity of the superior 
left border of the cardiomediastinal silhouette. The apex of 
the heart is “lifted up” away from the diaphragm, a finding 
which is due to right ventricle hypertrophy

Fig. 4.55 An axial oblique view of the main and branch right 
(RPA) and left (LPA) pulmonary arteries shows their small 
caliber. Also note stenosis of the right ventricle infundibulum 
(arrow). The ascending (AAo) and descending (DAo) are on 
the right in this TOF patient with a right aortic arch
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4.9.5  Case 4.17

A postnatal echocardiogram was performed to 
investigate the cause of hypoxia in this newborn. 
The right ventricle was enlarged and the right 
pulmonary artery was small caliber; the left pul-
monary artery was not seen but the ductus arteri-
osus was patent. Cardiac CTA was requested in 
order to investigate anatomy of the left pulmo-
nary artery. See Fig. 4.58, 4.59, and 4.60.

Fig. 4.56 The four-chamber view of the heart shows 
three components of TOF; the free wall of the right ven-
tricle (RV) is thickened (white bracket) due to hypertro-
phy, a ventricular septal defect (VSD) (black bracket) is 
present and the aortic valve annulus (white arrow) over-
rides the VSD. Other cardiac chambers the left ventricle 
(LV) and the right (RA) and left (LA) atria are normal. 
Note the combination of densely contrast opacified and 
non opacified blood in the RV and LV and that a similar 
contrast mixture has been ejected into the AAo

Fig. 4.57 A 3D surface rendered image shows narrowing 
of the right ventricular infundibulum (dotted ellipse). The 
ascending aorta (AAo) is on the right, immediately adja-
cent to the superior vena cava (SVC)

Fig. 4.58 An axial view through the superior mediasti-
num shows the small caliber main (arrow) and right 
(RPA) pulmonary arteries. The vessels are much smaller 
caliber than the ascending aorta (AAo); the descending 
aorta (DAo) is on the left. The left pulmonary artery 
(LPA) is also small caliber. The density of contrast in the 
lumen of the LPA is similar to the contrast in the aortic 
lumen which is brighter than the contrast in the RPA. The 
main pulmonary artery ends as the RPA and is not con-
nected to the LPA
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Fig. 4.60 A 3D surface rendered image of the heart 
shows the diffusely narrowed main (MPA) and right 
(RPA) pulmonary arteries. The aortic arch and descending 
aorta have been cut away to reveal absence of the LPA 
origin from the MPA

Fig. 4.59 An axial oblique view of the ascending aorta 
(AAo) and the aortic arch shows the origin of the patent 
ductus arteriosus (PDA) (arrow) and the tortuous course 
of the vessel which continues as the LPA. This explains 
the difference in the density of contrast material in the 
LPA in Fig. 4.59 as the LPA blood supply is from the 
aorta, via the PDA
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4.9.5.1  Transposition of the Great 
Arteries

In transposition of the great arteries (TGA), the 
connection between the atrioventricular valves 
and the ventricles of the heart is reversed, i.e., the 
aortic valve arises from the right ventricle (RV) 
and the pulmonic valve arises from the left ven-
tricle (LV). In TGA, the relationship between or 
relative position of the aortic valve to the pul-
monic valve is abnormal, ranging from an ante-
rior and rightward position to an anterior and 
leftward position of the aortic valve. This abnor-
mal arrangement assures that the aortic valve 
arises from the anteriorly positioned right ventri-
cle in dextro or D-TGA or from the posteriorly 
positioned right ventricle in levo or L-TGA. When 
a VSD is present, the pulmonic valve (in D-TGA) 
or aortic valve (in L-TGA) may override it to 
varying degrees; when >50% of the valve is com-
mitted to the morphologic RV, the diagnosis of 
DORV is made in addition to TGA.

4.9.5.2  Double Outlet Right Ventricle
The term double outlet right ventricle (DORV) 
does not define just a single entity or malforma-
tion of the heart but is found in hearts with nor-
mally related great arteries and in hearts with 
transposed great arteries and occurs in situs soli-
tus and situs anomalies. DORV is a cardiac mal-
formation in which both the atrioventricular 
valves arise partially or completely from the right 
ventricle (RV). Displacement or malalignment of 
the infundibular septum at the base of the heart in 
DORV results in a ventricular septal defect 
(VSD) allowing one of the ventriculoarterial 

valves to override the VSD to varying degree; if 
more than 50% of that valve is committed to the 
RV rather than the LV, the term DORV applies. 
The VSD may be subaortic (underlying the aortic 
valve), subpulmonic (underlying the pulmonic 
valve), doubly committed (underlying the aortic 
and pulmonic valves equally), or non-committed 
(remote from the aortic and pulmonic valves).

The spectrum of cardiac malformation in 
which DORV is most commonly seen includes 
Tetralogy of Fallot (TOF), Taussig-Bing malfor-
mation, and in transposition of the great arteries. 
In each the position of the aortic and pulmonic 
valves are important to note. When the aortic and 
pulmonic valve positions are abnormal such as in 
Taussig-Bing malformation and transposition of 
the great arteries (TGA) the aortic-mitral rela-
tionship, which is normally in continuity, may 
also be abnormal.

4.9.5.3  Taussig-Bing Malformation
The Taussig-Bing malformation in which the 
aortic valve is to the right and side by side with 
the pulmonic valve may be a specialized form of 
DORV or a variation of TGA, but this is contro-
versial. A subpulmonic VSD is present and the 
infundibulum underlies both AV valves and the 
pulmonic valve.

4.9.6  Clinical Presentation

A newborn, whose mother did not have prenatal 
care beyond a sonogram at approximately week 20 
of gestation, became cyanotic shortly after birth.
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4.9.7  Case 4.18

Echo showed stenosis of the pulmonic valve and 
the main pulmonary artery (MPA), hypertrophy 
of the right ventricle (RV), a large VSD and that 

the aortic valve was positioned to overlie the 
VSD, findings of tetralogy of Fallot (TOF). As the 
aortic arch was not well seen and coronary artery 
origins were not identified, cardiac CTA was 
requested. See Figs. 4.61, 4.62, 4.63, and 4.64.

Fig. 4.61 An axial oblique image shows the normal posi-
tion of the aortic valve (AoV) in relation to the pulmonic 
valve (PV), slightly posterior and to the right. The right 
atrium (RA), left atrium (LA), and position of the mitral 
valve (MV) annulus (white arrow) are seen. The AoV and 
MV annuli are in direct continuity as they would be in a 
normal heart. The left atrial appendage (LAA) (black 
arrow) overlies and partially obscures the mitral annulus

Fig. 4.62 The right ventricular outflow tract (RVOT) 
(bracket) is diffusely narrow and the muscular wall is 
thickened [RV hypertrophy]. The size of the aortic valve 
(AoV) is much larger than the RVOT. The pulmonary out-
flow (arrow) and the AoV both arise from the right ven-
tricle (RV)

Fig. 4.63 In a four-chamber view of the heart, more than 
50% of the aortic valve and the ascending aorta (AAo) 
arise from the right ventricle (RV) and overlies a membra-
nous ventricular septal defect (VSD) (bracket). The free 
wall of the RV is hypertrophied (arrows)

Fig. 4.64 A 3D surface rendered reconstruction shows 
the small caliber of the RVOT (dotted lines) and main pul-
monary artery (MPA) and the much larger caliber ascend-
ing aorta (AAo) and their normal anatomic relationship
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4.9.8  Clinical Presentation

Following birth, a newborn with known D-TGA 
experienced hypoxia, with O2 saturation at 85%.

4.9.9  Case 4.19

This newborn infant is known to have D-TGA as 
the aortic valve and ascending aorta (AAo) were 
noted to arise from the anterior, morphologic 
right ventricle (RV) and the pulmonic valve and 
main pulmonary artery (MPA) arise from the 
posterior morphologic left ventricle above a large 
ventricular septal defect (VSD).

A postnatal echo confirms the prenatal find-
ings and raised concern for hypoplasia of the aor-

tic arch. CTA of the heart and great vessels was 
requested.

A short axis image at the base of the heart 
(the atrioventricular valve plane) shows the 
anterior position of the aortic valve position 
(white arrow) in relation to the pulmonic valve 
position (black arrow) (Fig. 4.66). The pulmonic 
valve and the main pulmonary artery (MPA) are 
straddle a ventricular septal defect (VSD) 
(bracket), but are more committed to the RV 
than the LV.

The anterior position of the aortic valve (black 
arrow) and posterior position of the mitral valve 
(white arrow) indicate that their annuli are not in 
continuity as seen in a normal heart.

Fig. 4.66 A short axis image at the base of the heart (the 
atrioventricular valve plane) shows the anterior position 
of the aortic valve position (white arrow) in relation to the 
pulmonic valve position (black arrow) and the parallel 
course of the ascending aorta (AAo) and the main pulmo-
nary artery (MPA). The pulmonic valve and the MPA 
straddle a ventricular septal defect (VSD) (bracket), but 
are more committed to the RV than the LV

Fig. 4.65 An axial oblique image shows the anterior 
position of the aortic valve (AoV) in relation to the pul-
monic valve (PV)
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Fig. 4.67 In an attempt to show a four-chamber view of 
this heart the right atrial chamber is obscured by the 
ascending aorta (AAo) and main pulmonary artery (MPA). 
The left atrium (LA), left ventricle (LV), and right ventri-
cle (RV) are seen. The pulmonary valve straddles the VSD 
(black bracket) but is more committed to the RV than the 
LV. The RV free wall and outflow tract are thickened 
(white bracket)

Fig. 4.68 A 3D surface rendered image of the heart again 
shows the anterior position of the ascending aorta (AAo). 
Also note the great arteries are parallel, another indication 
of transposition. The left atria appendage (LAA) (arrow) 
overlies the base of the left ventricle to the left of the AAo
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4.10  Pulmonary Sling

The phenomena of pulmonary sling occur when 
the left pulmonary artery (LPA) origin is anoma-
lous, arising from the proximal right pulmonary 
artery (RPA) rather than from the main pulmo-
nary artery (MPA) and courses between the tra-
chea and esophagus. Depending upon the location 
of the sling, there may be airway narrowing  
associated with anomalous branching of the tra-
chea. An anterior impression on the esophagus is 
also present and, in some patients, may be a cause 
of dysphasia.

Two types of pulmonary sling are recognized:
Type 1—This is the less common and less 

complex form of LPA sling and is associated with 
tracheobronchomalacia. The position of the sling 
is typically at the level of the aortic arch, approxi-
mately T4–T5. As the LPA courses posterior to 
the trachea, it may cause extrinsic narrowing.

Type 2—More common and more complex 
form of LPA sling and is often seen with long 
segment tracheal stenosis due to the presence of 
complete tracheal cartilaginous rings. The tra-
cheal and bronchial anomalies are more exten-
sive; the position of the LPA sling is caudal, at 
the level of T6–T7 and may involve the bronchus 
as well as the distal trachea. There are more often 
other cardiovascular and pulmonary abnormali-
ties including right tracheal bronchus, right lung 
hypoplasia, persistent left superior vena cava, 
and patent ductus arteriosus.

CTA is essential in imaging patients with LPA 
sling as definition of the contrast filled blood pool 
and air filled tracheobronchial tree are ideally 
imaged.

4.10.1  Misplaced Left Pulmonary 
Artery Origin

The anomalous origin of the LPA, resulting in the 
formation of a sling is believed to occur when 
development of the left sixth aortic arch fails and 
the left-sided lung buds establish a connection 
with branches of the right sixth aortic arch. The 
vascular supply of the left lung therefore comes 
from the RPA and the vessel passes between the 
trachea and the esophagus.

It is possible that the connection between the 
right sixth aortic arch and the left lung buds is 
made anterior to the trachea. In this case, the ori-
gin of the LPA is anomalous, but a sling is not 
present.
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4.10.2  Complete Tracheal Rings

The cartilaginous rings of the trachea are nor-
mally incomplete, with an interruption in the ring 
along the dorsal surface of the trachea. This 
results in the normal U-shaped contour of the 
anterior trachea and the flattened dorsal surface.

When the tracheal cartilaginous rings are not 
interrupted, but completely encircle the lumen of 
the trachea, the affected segment is narrowed and 
typically has a circular shape. While growth of 
the trachea and of complete rings does occur the 
affected segment remains small.

4.10.3  Clinical Presentation

A 3-month-old infant with life-long stridor and a 
murmur underwent echocardiogram. A secundum 
atrial septal defect (ASD) was found, the cause of 
the murmur. The origin of the LPA was from the 
RPA. CTA was requested to confirm anatomy of 
LPA sling and to define tracheobronchial anatomy.

4.10.4  Case 4.20

See Fig. 4.69, 4.70, and 4.71.

Fig. 4.69 The main (MPA) and right (RPA) pulmonary 
arteries are normal caliber. The left pulmonary artery 
(LPA) arises from the RPA and is severely narrowed 
(bracket) as it courses between the carina and the esopha-
gus (dotted ellipse). In this patient, the spine may also 
contribute to narrowing of the proximal LPA

Fig. 4.70 A 3D surface rendered reconstruction of the 
heart and pulmonary arteries show the origin of the LPA 
from the RPA. Though not seen in this reconstruction, the 
trachea passes through the space anterior to the proximal 
LPA to the right of the aortic arch (dotted ellipse)

Fig. 4.71 A 3D reconstruction of the tracheobronchial 
tree and lung tissue is shown. The trachea (T) bifurcates at 
the level of the aortic arch (white arrow). The right bron-
chus is normal caliber but supplies only the right upper 
lobe. The left bronchus is diffusely small caliber and a 
second bifurcation (red arrow) divides to bronchi for the 
left upper and lower lobes and the right middle and lower 
lobes. The esophagus (E) is also seen
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4.10.5  Case 4.21

Another infant presented with a murmur on a 
well-baby checkup. Echocardiography showed 
an unusual relationship in the pulmonary artery 
origins, raising a question of LPA sling. CTA was 
requested to investigate the anatomy.

The origin of the left pulmonary artery (LPA) 
arises from the superior surface of the right pulmo-
nary artery (RPA) and courses leftward, forming 
an acute angle (dotted arrow), perhaps leading to 
the murmur heard on physical exam. The ascend-
ing aorta (AAo) and aortic arch have been cut 
away to show the branch pulmonary arteries.

Fig. 4.72 A coronal oblique MIP image of the branch 
pulmonary arteries shows the anomalous origin of the 
LPA from the RPA and a circuitous course of the proximal 
LPA as it courses from right to left. Axial images showed 
the LPA traveling anterior to the trachea; therefore, a sling 
was not present Fig. 4.73 A 3D surface rendered image of the heart 

shows the origin of the left pulmonary artery (LPA) arises 
from the superior surface of the right pulmonary artery 
(RPA) and courses leftward, forming an acute angle, the 
likely source of the murmur heard on physical exam. The 
ascending aorta (AAo) and aortic arch have been cut away 
to show the branch pulmonary arteries
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4.11  Atrioventricular Septal 
Defect

When defects of the interatrial and interventricu-
lar septa occur together and affect formation of 
the atrioventricular valves, the malformation fits 
into the category of atrioventricular septal defects 
(AVSD). The term “endocardial cushion defect” 
is also used to describe an atrioventricular septal 
defect. The malformation involves defects of the 
primum segment of the interatrial septum which 
abuts the atrial side of the atrioventricular (AV) 
valve plane and the membranous segment of the 
interventricular septum which touches the ven-
tricular side of the AV valve plane. The muscular 
interventricular septum may also be involved to 
varying degrees. The annulus of each of the AV 
valves, the mitral valve and tricuspid valve, 
which normally lie perpendicular to the intra-
atrial and interventricular septum and in nearly 
the same plane may be abnormal.

In the human embryo, a crescent of cardio-
genic tissue forms a tube which folds (loops) 
upon itself and divides into the atria, left ventri-
cle, and bulbus cordis (right ventricle). Before 
septation of the right and left ventricles a ridge of 
tissue, the bulboventricular fold, distinguishes 
the bulbus cordis from the left ventricle. The 
interventricular septum is formed from three 
independent tissue sources, muscular, inlet and 
outlet components. The muscular portion of the 
septum forms from an anterior segment of the 
bulboventricular fold, derived from the bulbous 
cordis, and grows posteriorly to fuse with the 
muscular ventricular segment which is derived 
solely from ventricular tissue. Just above the 
basal edge of the fused anterior (outlet) and pos-
terior (inlet) muscular interventricular septum is 
a space, the interventricular foramen, which 
closes as the developing endocardial cushions 
(inlet) and conal truncal ridges (outlet) form the 
membranous septum and fuse to muscular septal 
tissue.

The endocardial cushions are contiguous 
across the atrioventricular valve plane; inlet por-
tion of the interventricular membranous segment 
from the inferior endocardial cushions and the 
superior endocardial cushions extend across the 

ostium primum to join the primum segment of 
the interatrial septum. The secundum segment 
invaginates from the atrial wall, extending to 
overlap with the primum segment. This overlap-
ping portion remains open in utero as the fora-
men ovale and in most hearts fuses to close after 
birth.

The atrioventricular valve plane and the 
anterolateral mitral and septal tricuspid valve 
leaflets are partially derived from tissue of the 
endocardial cushions. A defect in valvular tissue 
or annulus of either or both AV valves is variable 
and may be symmetric (balanced) or asymmetric 
(unbalanced). When balanced the common atrio-
ventricular valve may have the appearance of a 
dysmorphic valve which opens to both the right 
and left ventricles. Alternatively, an unbalanced 
common atrioventricular valve may drain primar-
ily to the right ventricle (right dominant) or to the 
left ventricle (left dominant).

Approximately 50% of infants born with 
Down syndrome have congenital heart disease, 
many of them will have and atrioventricular sep-
tal defect (45%).

4.11.1  Pearls (•) and Pitfalls (√)

• Examine cardiac CT images in short axis 
(SA), horizontal (4 chamber), and vertical (2 
chamber) long axes in order to accurately charac-
terize defects of the interatrial and interventricu-
lar septae.

√ The short axis view of the atrioventricu-
lar valve plane may be helpful in characterizing 
malformation of the mitral and tricuspid valves; 
however, echocardiography is typically much 
better for delineating valve structure.

4.11.2  Clinical Presentation

A full-term newborn with facial features of Down 
syndrome, but without suspected congenital heart 
disease, was born. Shortly after birth, the baby 
developed respiratory distress. Physical exam 
revealed a definite murmur; a chest radiograph 
and echocardiogram were performed.
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Fig. 4.74 The chest radiograph showed moderate cardio-
megaly and increased pulmonary vascular markings 
(arrows). Echocardiography revealed small size of the left 
ventricle compared to the right and a primum and secun-
dum atrial septal defects (ASD). The aortic arch was not 
well visualized and the ductus arteriosus was patent. 
Coarctation of the aorta was suspected. Cardiac CTA was 
requested to evaluate the aortic arch and to measure rela-
tive volumes of the ventricles

Fig. 4.75 A four-chamber view of the heart shows dila-
tion and hypertrabeculation of the right ventricle (RV) and 
small volume of the left ventricle (LV). The membranous 
segment of the interventricular septum, just below the 
atrioventricular valve plane, shows a small defect (open 
arrow). Primum (single arrow) and secundum (double 
arrow) interatrial and membranous (open arrow) inter-
ventricular septal defects are noted. The atrioventricular 
valve plane (dotted line) shows the valves open predomi-
nantly to the RV in this patient with an unbalanced AVSD

Fig. 4.76 The membranous interventricular septal defect 
(black bracket) is much larger in the short axis plane near 
the base of the heart. than was suspected in the 4 chamber 
view. Asymmetry of the right (RV) and left (LV) ventri-
cles is also apparent in this view

Fig. 4.77 At the level of the atrioventricular valve plane, 
the mitral annulus (white dotted ellipse) and the tricuspid 
annulus (black dotted ellipse) shows asymmetry, indicat-
ing the patient has an unbalanced atrioventricular septal 
defect which has right dominant valve components and 
ventricle

4.11.3  Case Presentation

See Figs. 4.74, 4.75, 4.76, and 4.77.
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4.11.4  Clinical Presentation

A newborn infant with Down syndrome had a 
prenatal diagnosis of atrioventricular septal 
defect. She underwent cardiac CTA because of 
suspected aortic arch hypoplasia.

4.11.5  Case 4.22 Presentation

See Figs. 4.78, 4.79, 4.80, and 4.81.

Fig. 4.78 A four-chamber view of the heart shows that the 
right (RV) and left (LV) ventricles are similar in size and that 
the plane of the atrioventricular valves (dotted line) opens 
symmetrically to both the right (RV) and left (LV) ventricles. 
A defect in the membranous portion of the interventricular 
septum (bracket) is accompanied by near complete absence 
of the interatrial septum. The right (RA) and left (LA) appear 
normal size, but the right atrial appendage (RAA) is dilated

Fig. 4.79 In a short axis plane, the symmetry of the right 
(RV) and left (LV) ventricles is apparent as is the dilated right 
atrial appendage (arrows) which overlies the RV free wall

Fig. 4.80 At the level of the atrioventricular valve plane,  
the mitral annulus (white dotted ellipse) and the tricuspid 
annulus (black dotted ellipse) show symmetry, indicating 
the patient has a balanced atrioventricular septal defect, or 
co-dominant valve components and ventricles

Fig. 4.81 A 3D surface rendered image shows the right 
(RV) and left (LV) ventricles are similar in size, and the 
large size of the right atrial appendage (arrows), and the 
left atrial appendage (open arrow). The ductus arteriosus 
(PDA) is patent and large caliber
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4.12  Partial and Total Anomalous 
Pulmonary Venous 
Connection

Anomalous pulmonary venous connection occurs 
in many different types or combinations and 
results in drainage of oxygenated pulmonary 
venous blood to the right side of the interatrial 
septum, to systemic veins, or to a blind ending 
confluence behind the left atrium, without a 
direct connection to the heart. Anomalous veins 
may drain to structures above the heart (supracar-
diac), to a cardiac chamber (intracardiac), or 
below the heart (infracardiac).

The embryological development of the pul-
monary veins begins as the cardinal veins, but 
regresses as a common pulmonary vein projects 
from the primitive left atrium toward the pulmo-
nary parenchyma and eventually connects with 
the parenchymal venous system via four pulmo-
nary veins to the left atrium.

4.12.1  Total Anomalous Pulmonary 
Venous Connections

Complete failure of the formation of the common 
pulmonary vein from the left atrium therefore 
results in total anomalous pulmonary venous 
connection (TAPVC). The extent of failed pul-
monary vein development varies from persis-
tence of primitive connections to the right rather 
than the left atrium (intracardiac), to infracardiac 
connections to the inferior vena cava or to the 
portal or hepatic veins, or most commonly, to 
supracardiac connections, the superior vena cava 
or the brachiocephalic veins. In supracardiac and 
infracardiac forms of TAPVC, a pulmonary vein 
confluence forms behind the left atrium. A verti-
cally oriented vein which drains to the brachioce-
phalic vein and superior vena cava (SVC) in 
supracardiac TAPVC courses anterior or poste-
rior to the left pulmonary artery; when posterior 
to the artery and anterior to the left bronchus pul-
monary venous blood flow may be obstructed. 
When a confluence of pulmonary veins behind 
the left atrium drains inferiorly through the dia-

phragmatic hiatus, it is most often to the portal 
vein and less commonly to the hepatic veins or 
inferior vena cava (IVC). This connection too 
may become obstructed (90%), typically as the 
draining vein traverses the diaphragmatic hiatus. 
A combination of intra, supra, or infracardiac or 
mixed TAPVC may also be found.

Occasionally, an insufficient pathway for 
drainage or a complete lack of pulmonary paren-
chymal venous drainage occurs and results in 
rapid onset of postnatal pulmonary venous con-
gestion which is incompatible with life. Cardiac 
CTA is especially important in imaging these 
clinically severely ill infants as the high spatial 
resolution capabilities of the modality lend 
toward defining the very small caliber venous 
structures.

4.12.2  Partial Anomalous Pulmonary 
Venous Connection

When only some of the pulmonary venous buds 
develop normal connections to the common pul-
monary vein and left atrium but other connec-
tions are not made normally partial anomalous 
pulmonary venous connection (PAPVC) is the 
result.

The most commonly detected form of PAPVC 
is drainage of some or all of the right pulmonary 
veins to the superior vena cava (SVC). This 
anomaly typically is associated with a defect at 
the superior aspect of the sinus venosus. Though 
this type of defect is commonly referred to as a 
sinus venosus atrial septal defect (ASD) the ter-
minology is inaccurate as the sinus venosus is not 
a component of the interatrial septum. PAPVC of 
all or part of the left lung is also possible superi-
orly via a vertical vein, intracardiac through the 
coronary sinus or to the right side of an intra-
atrial septum. Scimitar syndrome which includes 
right-sided PAPVC to the IVC also includes 
hypoplasia of the right lung and pulmonary 
artery, dextroposition of the heart, and occasion-
ally components of sequestration in the right 
lower lobe with abnormal aortopulmonary collat-
eral arteries.

D.M.E. Bardo



93

Patients with TAPVC and PAPVC very often 
have accompanying intracardiac anomalies. An 
increased volume of blood flow to the right side 
of the heart occurs through the anomalous pul-
monary veins in TAPVC and PAPVC. Intracardiac 
shunts, atrial septal (ASD) or ventricular septal 
(VSD) defects are commonly present and are 
important contributors to volume overloading of 
the right side of the heart. Severe and complex 
forms of congenital heart disease (CHD), hypo-
plastic left heart syndrome (HLHS), transposi-
tion of the great arteries (TGA), and tetralogy of 
Fallot (TOF) may also include anomalies of pul-
monary venous connections.

4.12.3  Clinical Presentation

An infant with a loud murmur at a well-baby 
checkup underwent echocardiography which 
showed a muscular VSD and suspected abnormal 
right upper lobe pulmonary venous drainage. 
CTA of the heart was requested to investigate 
pulmonary vein anatomy.

4.12.4  Case 4.23

See Figs. 4.82, 4.83, 4.84, and 4.85.

Fig. 4.82 An axial image of the superior mediastinum 
shows right- and left-sided pulmonary veins (arrows) 
draining to the superior vena cava (dotted outline) at the 
level of the pulmonary arteries (RPA and LPA). 
Differences in density of contrast enhancement indicate 
the mixing of the systemic and pulmonary venous 
drainage

Fig. 4.83 An axial image of the heart, at the level of the 
superior margin of the atria, shows the sinus venosus 
defect (bracket) which commonly accompanies PAPVC 
to the SVC. Right pulmonary veins (arrows) drain to the 
SVC (dotted outline) and to the region of the sinus veno-
sus defect, allowing shunting of a mixture of systemic and 
pulmonary venous blood to the atria. Note thickening of 
the wall of the right ventricle (RV) may be an indication of 
overload of the right side of the heart
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4.12.5  Clinical Presentation

This patient presented in utero when a superior 
mediastinal vascular structure appeared abnor-
mal. Postnatal echocardiography confirmed the 
finding and showed supracardiac anomalous pul-
monary venous drainage. A cardiac CTA was 
requested.

4.12.6  Case 4.24

See Figs. 4.86, and 4.87.

Fig. 4.84 A coronal oblique view of the heart shows the 
typical appearance of anomalous drainage of the right 
inferior pulmonary vein (RIPV) to the SVC, toward the 
right atrium (RA). It is helpful for the surgeon if you pro-
vide a measurement between the anomalous pulmonary 
vein and the RA/SVC junction in your report

Fig. 4.85 In a 3D surface rendered reconstruction of car-
diac CTA data, the position of several anonymously drain-
ing right pulmonary veins to the SVC are clearly depicted. 
The right side of the heart, particularly the right atrium 
(RA), is enlarged due to increased blood flow

Fig. 4.86 A coronal MIP image of the anomalously 
draining pulmonary veins (dotted ellipse) shows supracar-
diac drainage toward the brachiocephalic vein (B) and the 
SVC. There is a focal dilatation (white arrow) just distal 
to a focal stenosis (red arrow) in the vertical vein
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4.12.7  Clinical Presentation

An infant with a murmur on new baby exam 
underwent echocardiogram which showed an 
ASD, anomalous drainage of the pulmonary 
veins on the right and a patent ductus arteriosus 
(PDA).

4.12.8  Case 4.25

See Figs. 4.88, 4.89, 4.90, and 4.91.

Fig. 4.87 A 3D reconstruction shows the four-pulmonary 
veins connecting to a confluence behind the left atrium 
(dotted ellipse). The stenosis (red arrow) and distal dilated 
segment (white arrow) of the vertical vein are seen

Fig. 4.88 A coronal MIP view of the chest and upper 
abdomen shows anomalous right pulmonary venous 
drainage below the diaphragm to the IVC (arrows) and 
small size of the right hemithorax and lung; diagnostic of 
Scimitar syndrome

Fig. 4.89 A four-chamber view of the heart shows the 
anonymously draining right pulmonary vein (white arrow) 
and a secundum ASD (black arrow). A left pulmonary 
vein (L PV) confluence is dilated, and the right atrium 
(RA), right atrial appendage (RAA), and right ventricle 
(RV) are dilated by the high volume of blood flowing to 
the right side of the heart
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Fig. 4.90 A 3D reconstruction confirms the Scimitar vein 
draining the right lung (arrows) to the IVC. The left hepatic 
veins (red arrow) drain toward the IVC and right atrium

4.12.9  Clinical Presentation

A newborn with prenatal echocardiogram which 
revealed anomalous pulmonary venous drainage 
and a large ASD underwent cardiac CTA to con-
firm anatomy and define the extent of the anoma-
lous venous drainage.

4.12.10  Case 4.26

See Figs. 4.92, 4.93, 4.94, and 4.95.

Fig. 4.91 A 3D reconstruction view from posterior again 
shows the scimitar vein (arrows) to the IVC and the left 
hepatic veins (red arrow) draining separately to the right 
atrium (RA). The dilated left pulmonary veins enter a left 
atrium which is superior to the RA

Fig. 4.92 An axial oblique, four-chamber view of the heart 
shows the right and left inferior pulmonary veins (white 
arrows) form a confluence behind the left atrium but do not 
communicate with the chamber (black angled arrows). The 
right atrium (RA) and right ventricle (RV) are markedly 
dilated compared to the left-sided chambers; a large secun-
dum atrial septal defect (ASD) (bracket) is also present
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Fig. 4.94 A 3D coronal surface rendered view of the pul-
monary venous anatomy shows anatomy from posterior. 
The branch pulmonary veins form a small confluence 
behind left atrium (dotted ellipse) and the large caliber 
draining vein (arrows) as it extends below the diaphragm 
to the portal venous system (open arrow)

Fig. 4.93 A coronal oblique view of the pulmonary 
venous drainage shows a large caliber draining vein 
(bracket) extending below the diaphragm to the portal 
venous system (white arrow). Hepatic veins (black arrow) 
and the inferior vena cava (I) are partially in view

Fig. 4.95 A coronal oblique view of the thorax in another 
patient with infracardiac TAPVC shows a similar conflu-
ence of anonymously draining pulmonary veins behind 
the left atrium (dotted ellipse) and a single vein draining 
below the diaphragm. At the diaphragmatic hiatus, the 
vein is stenotic (open arrow)

4 Pediatric Cardiac CTA



98

Fig. 4.98 The right and left superior (RSPV and LSPV) 
and the right and left inferior (RIPV and LIPV) pulmo-
nary veins are seen on this 3D reconstruction. The veins 
drain toward a tiny caliber confluence located behind the 
left atrium (arrow)

Fig. 4.96 Very tiny caliber right (RIPV) and left (LIPV) 
anomalous pulmonary veins are seen and the density of 
pulmonary parenchyma is increased due to venous con-
gestion. A large caliber patent ductus arteriosus (PDA) 
projects between the distal aortic arch (arrow) and the 
descending aorta (DAo); its connection with the pulmo-
nary artery is out of the image plane

Fig. 4.97 In an oblique imaging plane, the right and left 
superior (RSPV and LSPV) and the right and left inferior 
(RIPV and LIPV) pulmonary veins drain toward a tiny 
caliber confluence (arrow) located behind the left atrium

4.12.11  Case 4.27

A newborn without suspected congenital heart 
disease had poor Apgar Scores and rapidly wors-
ening cyanosis. Echocardiography showed pul-
monary venous drainage was abnormal and 
patent ductus arteriosus (PDA). Cardiac CTA 
was requested to investigate pulmonary vein 
anatomy.

See Figs. 4.96, 4.97, and 4.98.
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4.13  Hypoplastic Left Heart 
Syndrome and Shone’s 
Complex

The malformations of cardiac development 
affecting the left side of the heart are defined by a 
collection of malformations or hypoplasia or 
absence of a structure or groups of structures. 
Two of the most common forms of left heart mal-
formation seen in neonates are hypoplastic left 
heart syndrome and Shone’s syndrome.

4.13.1  Shone’s Complex

Shone’s complex (aka Shone’s Anomaly and 
Shone’s Syndrome), described by the physician 
for whom it is named, is a collection of left heart 
errors in formation that tend to occur together. 
The complete form of Shone’s complex involves 
multiple levels of left heart obstructive lesions 
which include a supravalvar mitral ring, abnor-
mal chordae tendineae insertion into one papil-
lary muscle resulting in mitral valve stenosis and 
parachute configuration of the mitral valve, sub-
aortic stenosis, and coarctation of the aorta [15].

Partial forms or the Shone’s complex in which 
components are present in variable expression 
are also recognized and since its description in 
1963 the definition has been variably expanded to 
include other mitral and aortic valve lesions and 
supravalar aortic stenosis.

Even with improving surgical techniques and 
treatment of children with Shone’s complex the 
prognosis remains poor. The lesions which 
appear to be most difficult to treat are the supra-
valvar mitral ring within the left atrium and repair 
of mitral valve stenosis which is related to malpo-
sition and in many cases thickening of the chor-
dae tendineae [16, 17]. Therefore, it is imperative 
to as fully as possible to describe the degree of 
supravalvar mitral annular narrowing in multiple 
dimensions, the size and position of papillary 
muscles in the left ventricle, and if possible to 
describe the morphology of the mitral valve leaf-
lets and chordae tendineae. Though echocardiog-
raphy is the ideal imaging modality for 
investigating cardiac valve morphology and 
function CT and often cardiac MR play a valu-
able role in defining cardiac structures.

4.13.2  Clinical Presentation

Infants with Shone’s complex may be identified 
using prenatal sonography as coarctation of the 
aorta is often readily diagnosed before birth. In 
addition, limitations of mitral inflow to the left 
ventricle (LV) has the consequence of poor 
growth of the LV such that it is smaller than the 
right ventricle (RV), a finding which alerts one to 
probable congenital heart disease and close ante-
natal and postnatal follow-up imaging.

There are reports of the rare occurrence of 
patients with partial expression of the Shone’s 
complex presenting as an adult [18].

4.13.3  Hypoplastic Left Heart 
Syndrome

In hypoplastic left heart syndrome (HLHS), all left-
sided heart structures, the left atrium (LA), mitral 
valve (MV), left ventricle (LV), aortic valve (AV), 
and the ascending aorta (AAo) are small. The 
embryological events or miscues which result in this 
complex form of CHD remain uncertain as do devel-
opmental cause and effect relationships. It has been 
theorized that maldevelopment of the MV apparatus 
which results in severe MV stenosis or aplasia leads 
to small size of the LV and so on, such that the AV 
and AAo do not grow normally due to lack of inflow 
or blood flow into or through the structures [19].

The right heart structures, caliber of the aortic 
arch and descending aorta (DAo) are normal size 
because of blood flow to these structures from sys-
temic sources and through the ductus arteriosus. 
Depending on the presence and size of a patent 
foramen ovale (PFO) in utero, and atrial (ASD) 
and/or ventricular (VSD) septal defect the size of 
the LA and LV are variable, ranging between mod-
erately to severely hypoplastic. In utero, blood 
flows through defects in the atrial and ventricular 
septae and through the PDA, maintaining oxygen-
ated perfusion of the brain, gut, and viscera; retro-
grade blood flow in the AAo via the PDA allows 
perfusion of the coronary arteries as antegrade flow 
through the AV is absent or severely limited. It is 
imperative that the ductus arteriosus remain patent 
following birth so perfusion of all these vital struc-
tures is maintained. If restrictive the ASD is 
enlarged, often using interventional techniques.
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4.13.4  Case 4.28

See Figs. 4.99, 4.100, 4.101, and 4.102.

Fig. 4.101 A “candy cane” view of the aorta shows the 
level of the aortic valve (white arrow), caliber of the 
ascending aorta (black arrow) and hypoplasia of the aortic 
arch (bracket)

Fig. 4.102 A 3D surface rendered image of the heart and 
aorta reveals focal coarctation of the aorta (arrow). The 
main pulmonary artery (MPA) obscures the ascending 
aorta and the patent ductus arteriosus (PDA) is larger cali-
ber than the hypoplastic aortic arch

Fig. 4.99 A newborn with a prenatal diagnosis of congeni-
tal heart disease is suspected of having Shone’s complex due 
to small size of the left ventricle (LV) compared to the right 
ventricle (RV). On cardiac CT a 4 chamber view of the heart 
reveals the small size of the left ventricle (LV) compared to 
the right ventricle (RV). In the left atrium a thickened fibrous 
ring narrows the left atrium (bracket) just above the mitral 
valve annulus. The annulus of the mitral valve lies several 
millimeters below this thickened tissue (arrows)

Fig. 4.100 A CT image in the short axis plane at the mid 
chamber level confirms the abnormal small LV chamber size 
compared to the RV. The anterior (A) and posterior (P) papil-
lary muscles which should be similar in size are asymmetric, 
with small size of the anterior muscle. Echo showed that most 
of the chordae tendineae insert on the larger posterior papil-
lary muscle and the mitral valve leaflet motion was abnormal
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4.13.5  Case 4.29

A newborn male is known to have a prenatal diag-
nosis of HLHS given findings on prenatal sono-

gram. Following birth, echo images confirm all 
relevant findings and as aortic arch hypoplasia 
was now suspected, cardiac CTA was requested.

See Figs. 4.103, 4.104, 4.105, and 4.106.

Fig. 4.103 A four-chamber view of the heart shows dys-
plastic tissue related to mitral valve aplasia (bracket) and a 
very small left ventricle (LV). A small ventricular septal 
defect (black arrow), likely restrictive, has contributed to 
poor LV growth as blood flow into the LV has been restricted 
through this potential shunt. The RV appears relatively 
large, but volume estimation by CT is normal for birth 
weight. An atrial septal defect (open arrow) is also present

Fig. 4.104 A sagittal oblique “candy cane” view of the 
aorta reveals the small caliber of the ascending aorta 
(AAo) and confirms the small caliber of the aortic arch. 
The descending aorta (DAo) is normal caliber. Aortic arch 
hypoplasia is not an uncommon finding in HLHS as it is 
only large enough to support retrograde flow from the 
PDA into brachiocephalic arteries and the coronary arter-
ies via the hypoplastic ascending aorta

Fig. 4.105 By rotating the candy cane view slightly, the 
main pulmonary artery (MPA), the patent ductus arterio-
sus (arrow) [commonly referred to as the ductal arch], and 
the descending aorta (DAo)

Fig. 4.106 A 3D surface rendered view of the heart 
allows one to easily visualize the degree of ascending 
aorta (AAo) hypoplasia and the small size of the aortic 
valve (white arrow), compared to the main pulmonary 
artery (MPA)
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4.14  Anomalous Coronary Artery 
Origins

The origins of two coronary arteries from the 
sinuses of Valsalva of the ascending aorta is 
nearly always constant, with the left main coro-
nary artery (LM) arising from the left sinus and 
the right coronary artery (RCA) from the right 
sinus of Valsalva.

Occasionally, the origins of the coronary 
artery arise from an unexpected location, the LM 
from the right sinus or RCA from the left sinus, 
either artery from the noncoronary cusp, above 
the sinuses from the tubular segment of the 
ascending aorta, or from a pulmonary artery. 
When its origin is anomalous, the proximal 
course of the coronary artery is also abnormal, in 
the wall of the ascending aorta, anteriorly 
between the ascending aorta and main pulmonary 
artery, posteriorly behind the ascending aorta and 
the noncoronary cusp, over the right ventricular 
outflow tract (RVOT), or through the myocar-
dium of the intraventricular septum.

It is possible to live an asymptomatic, normal 
life with an anomalous coronary artery origin; it 
is occasionally found in an asymptomatic adult 
or in an autopsy of a person who expired due to 
another cause. When symptomatic, chest pain, 
arrhythmia, and even sudden cardiac death may 
occur in patients with an anomalous coronary 
artery, presumably due to compromised myocar-
dial perfusion.

Anomalous origin of a coronary artery may be 
and isolated finding or may be seen concurrent 
with other complex congenital heart disease. The 
incidence of anomalous origin of a coronary 
artery is reported to be 0.17% in children using 
echocardiography [20]. There is however a broad 
variance in reported incidence of coronary artery 
anomalies depending upon the imaging modality 
utilized to make the diagnosis, with 1.07% of 
anomalous coronary arteries arising from the 
opposite sinus of Valsalva, found at coronary 
angiography [21]. The incidence of origin and 
course of anomalous coronary arteries also var-

ies; a left coronary arising from the right sinus 
appears to be most often found in symptomatic 
patients and at necroscopy [22].

In children without complex congenital 
heart disease, the presence of an anomalous 
coronary artery is generally not investigated 
and therefore not recognized, if asymptomatic. 
Though it is routine to identify coronary artery 
origins using echocardiography in patients with 
congenital heart disease, it is often difficult or 
impossible to visualize the small caliber arter-
ies in infants and an acoustic window maybe 
suboptimal in older children. Cardiac CTA is 
the recommended examination to make or con-
firm the diagnosis of an anomalous coronary 
artery origin.

Treatment of and the need to treat coronary 
artery anomalies are controversial. The points of 
controversy include the belief that a coronary 
artery which courses between the AAo and the 
MPA may or may not be symptomatic; it may be 
that only a course in the wall of the AAo (intra-
mural) becomes symptomatic and therefore 
requires treatment. It is generally regarded as 
benign and therefore not requiring intervention if 
the course of an anomalous coronary is intermu-
ral rather than intramural, posterior to the AAo, 
or overlying the RVOT [21]. Timing of warranted 
intervention is also controversial in that some 
believe it is necessary to intervene as soon as pos-
sible upon discovery of the anomaly and others 
advocating for delayed intervention in asymp-
tomatic young children. Those who argue for 
delayed intervention cite that the caliber of the 
coronary arteries are small, which increases the 
difficulty and therefore risk of surgical reimplan-
tation and that a young child is unlikely to be 
symptomatic. It appears that more children with 
anomalous coronary artery arising from the 
opposite sinus of Valsalva become symptomatic 
and therefore require surgery or other interven-
tion to avoid sudden cardiac death as they enter 
the second decade of life, corresponding to 
increased physical activity such as participation 
in competitive sports [23].
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4.14.1  Case 4.30

A 12-year-old male complains of chest pain dur-
ing baseball practice. His pediatrician refers him 
to a pediatric cardiologist and an echocardiogram 
shows absence of the normal left coronary artery 
origin and its anomalous origin from the right 
sinus of Valsalva. The proximal left coronary 
appears narrow. Due to the suspected coronary 
artery, anomaly CTA of the coronary arteries is 
requested (Figs. 4.107, 4.108, 4.109, and 4.110).

Fig. 4.108 The left main coronary artery (arrow) is nar-
row as it courses over the AAo and has an elliptical shape 
which is an indication that the vessel is intramural, within 
the wall of the AAo rather than merely coursing over the 
aorta. This course is considered malignant and is more 
often symptomatic and the cause of sudden cardiac death

Fig. 4.107 An axial oblique MIP image of the AAo at the 
level of the sinuses of Valsalva shows a single coronary 
artery origin from the anterior, right sinus, and the proximal 
left (arrow) and right (open arrow) coronary arteries. The 
proximal left main coronary artery arises at an extremely 
acute angle relative to the AAo and the proximal segment is 
severely narrowed as it courses between the RVOT and AAo

Fig. 4.109 The common origin of the right and left coro-
nary arteries from the right sinus (ellipse) is shown in a 3D 
surface rendered image. The left coronary artery branches 
to the left circumflex which courses under the left atria 
appendage (LAA) and the left anterior descending (LAD). 
The LAD is a short vessel (black arrow); does not reach 
the LV apex as is usually expected
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4.14.2  Case 4.31

A 9-year-old girl experienced a syncopal event 
while running. An echocardiogram performed in 
the emergency room showed normal cardiac 
function and left coronary artery origin. The ori-
gin of the right coronary artery was not seen. Two 
weeks later after a second syncopal event, her 
pediatrician ordered a coronary artery CTA after 
consultation with a pediatric cardiologist 
(Figs. 4.111, 4.112, and 4.113).

Fig. 4.110 In this “hollow” 3D view of the common 
coronary artery origin (bracket), the acute angulation and 
proximal stenosis of the left coronary artery is seen (white 
arrow). The short LAD (black arrow) is again seen

Fig. 4.111 A low dose coronary artery CTA was per-
formed. A curved multiplanar reconstruction of the right 
coronary artery (RCA) shows its entire course. The artery 
arises from the left sinus of Valsalva (white arrow) and 
shows a markedly narrow proximal segment which 
courses at an acute angle in relation to the ascending 
aorta. The RCA courses to the crux of the heart ends 
branching to a very small posterior descending artery 
(PDA) (black arrow) and a short posterolateral branch
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Fig. 4.112 In a 3D surface rendering, the anomalous 
RCA origin is seen arising from a common origin with the 
left (black arrow). The proximal intramural segment is 
narrow as it courses over the AAo (white arrow)

Fig. 4.113 Looking at the inferior surface of the heart in 
a 3D surface rendering the distal branches of the epicar-
dial coronary arteries show the very short PDA segment 
(black arrow) and prominent obtuse marginal vessels 
extending to supply the inferior wall of the LV (white 
arrows)
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4.15  Kawasaki Disease

Kawasaki disease is an idiopathic systemic vas-
culitis which affects young children almost 
exclusively. The classic presentation includes 
fever, lip and tongue swelling (strawberry 
tongue), injected conjunctiva, polymorphous 
rash, desquamation of extremities, and cervical 
lymphadenopathy.

Kawasaki disease is recognized as a cause of 
acquired heart disease in children. The most seri-
ous complication of Kawasaki disease is devel-
opment of coronary artery aneurysms which are 
diagnosed in up to 25% of patients who do not 
receive treatment and in approximately 15% of 
those treated for Kawasaki disease. Subsequent 
coronary artery occlusion and myocardial infarc-
tion are known to occur in the acute phase of the 
disease as well as in the remote time frame. 
Though coronary artery aneurysms typically do 
not progress coronary artery diameter does not 
return to normal. Therefore, long-term clinical 
and imaging follow-up is required to monitor 
coronary artery aneurysm diameter, development 
of coronary artery stenosis and development of 
coronary artery aneurysm calcification.

4.15.1  Pearls (•) and Pitfalls (#)

• Coronary artery CTA and MRI are more sen-
sitive than echocardiography for diagnosis and 
follow-up imaging of coronary artery aneurysms, 
especially in older children and adults, in whom 
acoustic windows may be limited.

# Coronary artery imaging with MRI will 
not reveal extent of coronary artery aneurysm 
calcification.

4.15.2  Clinical Presentation

A 4-year-old girl presented with fever and tongue 
swelling. Her condition deteriorated and echo 
showed very poor cardiac function. Coronary 
artery CTA was requested to assess coronary 
artery patency and potential aneurysm formation.

4.15.3  Case 4.32 Presentation

See Figs. 4.114, 4.115, 4.116, and 4.117.

Fig. 4.114 An axial oblique image of the ascending aorta 
(AAo) at the level of the sinuses of Valsalva shows the 
origin of the left coronary artery (black arrow) and aneu-
rysm of the proximal left anterior descending coronary 
artery (LAD) (dotted ellipse) and the normal caliber LAD 
distal to the aneurysm

Fig. 4.115 In a coronal oblique plane, the ascending 
aorta (AAo) is shown at the base of the heart. The origin 
of the right coronary artery (white arrow) is very small 
caliber and the proximal segment of the vessel (bracket) is 
not filled with contrast material, indicating occlusion of 
the vessel
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Fig. 4.116 In a basal short axis view of the heart, the 
myocardium of the left ventricle (LV) shows heteroge-
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Cardiac CTA of Congenital 
Coronary and Other Anomalies
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5.1  Case 5.1

5.1.1  History

A 48-year-old female presented with a history of 
an abnormal myocardial perfusion stress test 
result in the anterior wall.

5.1.2  Findings

Congenital anomalous origin of the left circum-
flex coronary artery is seen arising from the right 
sinus of Valsalva. The left circumflex coronary 
artery courses posteriorly between the aortic 
annulus and the left atrium and continues into the 
left atrial–ventricular sulcus (Fig. 5.1).
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a b

Fig. 5.1 (a) Volume 
rendered. LCX left 
circumflex coronary 
artery, RCA right 
coronary artery. (b) 
Globe 3D map. The left 
circumflex coronary 
artery arises from the 
right sinus of Valsalva. 
LAD left anterior 
descending artery, CRX 
left circumflex artery, 
RCA right coronary 
artery
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5.1.3  Diagnosis

Congenital anomalous origin of the left circumflex 
coronary artery from the right sinus of Valsalva.

5.1.4  Discussion

Coronary artery anomalies are observed in 0.3–
1.3% of patients undergoing diagnostic coronary 
angiography. It has been reported in approxi-
mately 1% of routine autopsy examinations and 

in 4–15% of young people who experience sud-
den death. Since the left circumflex coronary 
artery has a posterior course, along the root of the 
aorta and left atrium, it is considered a benign 
anomaly.

5.1.5  Pearls and Pitfalls

This case represents the most frequent congenital 
coronary anomaly.
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5.2  Case 5.2

5.2.1  History

A 45-year-old male presented with atypical chest 
pain and normal nuclear perfusion stress test.

5.2.2  Findings

Congenital anomalous high origin of the right 
coronary artery (RCA) is seen from the left sinus 
of Valsalva (Fig. 5.2a–d). The artery has a narrow 
ostium with acute angulation. The RCA is domi-
nant and has an interaterial course between the 
aorta and the pulmonary artery.

5.2.3  Diagnosis

The diagnosis is congenital anomalous origin of 
the right coronary artery from the left sinus of 
Valsalva, with an interarterial course.

5.2.4  Discussion

As discussed in Case 5.5, this type of anomaly 
is significant and considered potentially lethal. 
Treatment of congenital coronary anomalies 
of origin and course in adults is controversial, 
particularly without a previously documented 
cardiac event or ischemia on a nuclear stress 
test. The patient decided against surgical cor-
rection and was placed on beta blockers.

5.2.5  Pearls and Pitfalls

Surgical repair would not be considered if the 
RCA was nondominant.

a

b

d

c

Fig. 5.2 (a) Axial: High 
origin of the RCA from 
the left sinus of Valsalva 
(arrow). Congenitally 
narrowed ostium with 
acute angulation. (b) 
cMPR: Interarterial 
course of the RCA and 
ostium (arrowhead). AO 
aorta, POFT pulmonary 
outflow tract, RV right 
ventricle, LV left 
ventricle. (c, d) 2D 
composite and volume 
rendered cranial view: 
Ostium of the RCA 
(arrowhead)
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5.3  Case 5.3

5.3.1  History

A 57-year-old male was worked up for CAD and 
with a history of congenital anomalous origin of the 
LAD identified on a recent coronary angiogram.

5.3.2  Findings

The left anterior descending coronary artery 
(LAD) arises in a common trunk with the RCA 
from the right sinus of Valsalva (Fig. 5.3a, b). 
The LAD courses anteriorly in the plane of the 
pulmonary outflow tract and right ventricle.

5.3.3  Diagnosis

Congenital anomalous origin of the LAD from 
the right sinus of Valsalva with an anterior 
 (precardiac) course and clinically considered 
benign was seen. The CTA was acquired with 
prospective gated axial technique (PGA).

5.3.4  Discussion

The anomalous LAD from the right sinus of 
Valsalva may take a septal, anterior (precar-
diac), posterior, or interarterial course. Of 
these, the interarterial course of the LAD 
(between the pulmonary artery and aorta) is 
the most frequently associated with sudden 
death.

5.3.5  Pearls and Pitfalls

Cardiac CTA is currently the best noninvasive 
study for the evaluation of congenital coro-
nary anomalies. One can easily evaluate the 
anomalous origin, course, and termination of 
the artery. To the contrary, this can be very 
challenging with coronary angiography and 
may necessitate placement of a second cathe-
ter in the pulmonary artery. PGA is an excel-
lent low-radiation technique for the evaluation 
of these patients.

a b c

Fig. 5.3 (a, b) VR. Axial MIP: LAD originating from the right sinus of Valsalva with an anterior (precardiac) course. 
(c) Right coronary angiogram performed prior to the CTA
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5.4  Case 5.4

5.4.1  History

A 43-year-old male presents with atypical chest 
pain. The patient had a previous coronary angio-
gram, but it was not possible to determine the 
course of the left main coronary artery.

5.4.2  Findings

Congenital anomalous origin of the left main 
coronary artery from the right sinus of Valsalva is 
seen. The left main coronary artery courses pos-
teriorly along the aortic annulus and left atrium 
(Fig. 5.4).

5.4.3  Diagnosis

The diagnosis is congenital anomalous origin of 
the left main coronary artery from the right sinus 
of Valsalva with a posterior course.

5.4.4  Discussion

The left main coronary artery has a posterior 
course, which is considered a benign anomaly.

5.4.5  Pearls and Pitfalls

The cardiac CTA has been established as an excel-
lent noninvasive test to identify and classify con-
genital coronary anomalies, which commonly are 
difficult to evaluate with coronary angiography.

a b

Fig. 5.4 (a) Globe 3D 
map. The left main 
coronary artery 
originates from the right 
sinus of Valsalva. LAD 
left anterior descending 
artery, CRX left 
circumflex artery. (b) 
Volume rendering. LM 
left main artery, RCA 
right coronary artery
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5.5  Case 5.5

5.5.1  History

A 17-year-old boy collapsed during a football 
game, arriving at the hospital in cardiogenic shock. 
A coronary angiogram was performed, with fail-
ure to cannulate the left main coronary artery. A 
cardiac CTA was requested for further evaluation.

5.5.2  Findings

An anomalous origin of the left main coronary 
artery (Fig. 5.5a–d) from the right coronary sinus 
of Valsalva was seen. The left main had an abnor-
mal ostium, an acute angulation, and an interarte-
rial course. An additional aggravating factor was 
that the coronary circulation was left dominant. 

The left ventricular ejection fraction was esti-
mated at 15%, which was consistent with a 
stunned myocardium.

5.5.3  Diagnosis

The diagnosis is interarterial course of a con-
genital anomalous origin of the left main coro-
nary artery arising from the right sinus of 
Valsalva.

5.5.4  Discussion

This type of congenital coronary anomaly is the 
most frequently reported to be associated with 
sudden death. Coronary anomalies are classified 
according to their origin, course, and termination. 

a

b

d

c

Fig. 5.5 (a, b) Axial 
and volume rendering 
(VR): Left main arising 
from the right sinus of 
Valsalva with an 
interarterial course. AO 
aorta, POFT pulmonary 
outflow tract. (c) cMPR: 
left main—abnormal 
ostium (arrowhead) and 
interarterial course. 
(d) 2D composite: 
Anomalous left main 
coronary artery from the 
right sinus of Valsalva. 
Left dominant coronary 
anatomy: LM left main, 
LAD left anterior 
descending, LCX left 
circumflex, PDA 
posterior descending 
artery, RCA right 
coronary artery
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Depending on anomaly, they are considered 
either benign or potentially lethal, as in this case. 
The combination of an interarterial course, 
abnormal ostium (often referred to as fish mouth 
appearance), and acute angulation is potentially 
lethal. The increase in pulmonary arterial pres-
sure during workload causes torque on the left 
main coronary artery, resulting in severely dimin-
ished arterial flow. The patient survived the acute 
event and subsequently underwent successful 
coronary reimplantation surgery.

5.5.5  Pearls and Pitfalls

Cardiac CTA (CCTA) has been demonstrated to 
be a reliable, accurate noninvasive test in the 
assessment of congenital coronary anomalies 
and is the preferred diagnostic test. Its use in 
newborns and infants is limited due to an accel-
erated heart rate and the concern about 
radiation.

5 Cardiac CTA of Congenital Coronary and Other Anomalies
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5.6  Case 5.6

5.6.1  History

A 46-year-old male presented with progressive 
shortness of breath.

5.6.2  Findings

There is congenital anomalous origin of the left 
main coronary artery from the pulmonary artery 
(Fig. 5.6a). The coronary arteries are hypertrophied, 
with extensive epicardial and intramyocardial col-
laterals (Fig. 5.6b). Mild cardiomegaly is seen.

5.6.3  Diagnosis

The diagnosis is anomalous origin of the left 
main coronary artery from the pulmonary artery 
(ALCAPA) and also known as Bland–White–
Garland syndrome.

5.6.4  Discussion

ALCAPA is one of the most serious congenital 
coronary artery anomalies. Approximately 90% 
of untreated infants die in the first year of life 
and only a few patients survive to adulthood. 
Cardiac CT can easily confirm the diagnosis of 
ALCAPA and demonstrates collateral circula-
tion between the RCA and LCA and a coronary 
steal into the pulmonary artery. There is a 
chronic ischemic cardiomyopathy. Note that 
the RCA is markedly hypertrophied and is pro-
viding retrograde flow into the territory of the 
left main coronary artery.

5.6.5  Pearls and Pitfalls

Due to the incidence of high morbidity/mortality, 
it is important to properly identify and classify 
this congenital coronary anomaly.

a b
Fig. 5.6 (a) Axial 
maximum intensity 
projection. The left main 
coronary artery 
originates from the 
pulmonary artery 
(arrows). There is 
marked hypertrophy of 
the right coronary artery 
(double arrows). 
(b) Axial slice through 
the heart demonstrates 
markedly enlarged septal 
perforators (arrows) and 
right coronary artery 
(double arrows) 
(Courtesy of Dr. William 
Bugni, Tampa, FL.)
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5.7  Case 5.7

5.7.1  History

A 71-year-old male presented with shortness of 
breath.

5.7.2  Findings

Congenital anomalous origin of the right coro-
nary artery from the pulmonary artery is seen 
(Fig. 5.7a). The coronary arteries are hypertro-
phied, with extensive epicardial and intramyocar-
dial collaterals (Fig. 5.7b).

5.7.3  Diagnosis

The diagnosis is potentially lethal congenital 
anomalous origin of the right coronary artery 
arising from the pulmonary artery.

5.7.4  Discussion

A chronic ischemic cardiomyopathy exists in this 
patient. Note that the density in the RCA is higher 
than that in the adjacent pulmonary artery, which 
is from shunting and retrograde flow from the 
coronary collaterals. The septal perforators are 
hypertrophied as demonstrated in Fig. 5.7b.

5.7.5  Pearls and Pitfalls

The presence of a congenital coronary anomaly 
should be considered in the presence of enlarged 
coronary arteries without atheromatous disease. 
It is remarkable that this patient has been clini-
cally stable during his lifetime with this 
anomaly.

a b

Fig. 5.7 (a) Axial 
oblique maximum 
intensity projection. The 
right coronary artery 
originates from the 
pulmonary artery 
(arrow). (b) Axial slice 
through the heart 
demonstrates enlarged 
septal perforators 
(arrows)
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5.8  Case 5.8

5.8.1  History

An 84-year-old female presented with intermit-
tent shortness of breath and a history of an abnor-
mal stress test result.

5.8.2  Findings

There is congenital anomalous origin of the left 
main coronary artery from the posterior noncoro-
nary sinus (Fig. 5.8a–d). There is multi-vessel 
nonobstructive disease.

5.8.3  Diagnosis

The diagnosis is anomalous origin of the left 
main coronary artery from the noncoronary sinus 
of Valsalva.

5.8.4  Discussion

Anomalous origin of the left main coronary 
artery from the posterior noncoronary sinus of 
Valsalva is extremely rare and has been previ-
ously noted in only a few reports. Most of these 
cases were diagnosed incidentally in asymptom-
atic patients. Due to the extreme rarity of this 
anomaly, the natural history and risk of adverse 
events related to this anomaly are unknown.

It was considered a benign anomaly in this 
case, based on the patient’s advanced age and no 
history of a prior cardiac event. Additional low- 
risk indicators are the origin of the left main is 
posterior; the ostium has a normal diameter; and 
the vessel does not possess an acute angulation.

5.8.5  Pearls and Pitfalls

In order to diagnose and determine clinical rele-
vance of a congenital coronary anomaly, it is 
important to carefully observe the origin, course, 
dominance, and morphology of the vessels.

a

c d

b

Fig. 5.8 (a) 2D map. 
Anomalous origin of the 
left main from the 
posterior noncoronary 
sinus of Valsalva 
(arrow). (b) 3D volume 
rendered vessel tree. 
Left main ostium 
(arrow). (c, d) Axial and 
coronal oblique views of 
the ostium of the left 
main (arrow)
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5.9  Case 5.9

5.9.1  History

A 38-year-old male presented with shortness of 
breath.

5.9.2  Findings

There is an arterial venous malformation, with a 
fistula between the LAD and the great cardiac 
vein. There is dilatation of the left main coronary 
artery and proximal LAD and massive dilatation 
of the great cardiac vein (Fig. 5.9).

5.9.3  Diagnosis

The diagnosis was coronary AV malformation.

5.9.4  Discussion

The incidence of this anomaly is approximately 
0.002% of all patients with congenital heart dis-
ease. Patients may present with symptoms of 
congestive heart failure, myocardial ischemia, 
and sudden death.

5.9.5  Pearls and Pitfalls

A dilated vessel in the heart is the major clue 
of the presence of an AV fistula. Secondary 
signs are dilated cardiac chambers, same con-
trast density of the arteries and veins, small 
caliber thoracic aorta, and dilated pulmonary 
artery trunk.

a b c

Fig. 5.9 (a) Axial. The left main coronary artery and great cardiac vein are dilated. LM left main coronary artery, GCV 
great cardiac vein. (b) Coronal. Dilated LM, left main coronary artery. (c) Volume rendered. AV fistula (arrow)
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5.10  Case 5.10

5.10.1  History

A 57-year-old asymptomatic male presented with 
dyslipidemia.

5.10.2  Findings

There is mild disease with calcified plaque in the 
left main coronary artery. The mid-LAD has an 
intramyocardial course (Fig. 5.10a–c).

5.10.3  Diagnosis

The diagnosis is intramyocardial course of the 
mid-segment of the left anterior descending coro-
nary artery (myocardial bridge), with mild CAD.

5.10.4  Discussion

The main coronary arteries are located in the 
epicardial surface of the heart. Occasionally, a 

coronary artery may have an intramyocardial 
course. Myocardial bridging is a clinically 
uncommon congenital anomaly characterized 
by tunneling of the coronary artery within the 
myocardial tissue, usually seen surrounding 
the left anterior descending artery. Myocardial 
bridging is associated with altered intracoro-
nary hemodynamics during systole and dias-
tole, determined by the severity and the 
location of the bridging within the coronary 
artery. Patients with myocardial bridging may 
present with angina in the absence of other 
coronary risk factors.

5.10.5  Pearls and Pitfalls

It is important not to confuse an intramyocar-
dial course with an obstructed and/or occluded 
artery. Typically, the intramyocardial segment 
has a smaller caliber than the proximal seg-
ment. With obstructive coronary artery disease 
in which surgical revascularization is war-
ranted, a long myocardial bridge may preclude 
grafting of the LAD.

a

b

c

Fig. 5.10 (a) 3D. 
Myocardial bridge left 
anterior coronary artery 
(arrow). (b) Axial. 
Intramyocardial course 
of the left anterior 
coronary artery 
(arrows). (c) cMPR: 
Intramyocardial course 
of the left anterior 
coronary artery (arrows)
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5.11  Case 5.11

5.11.1  History

A 45-year-old asymptomatic female presented 
for a follow-up study.

5.11.2  Findings

Aneurysmal dilatation of the right sinus of 
Valsalva is seen (Fig. 5.11).

5.11.3  Diagnosis

Sinus of Valsalva aneurysm is the diagnosis.

5.11.4  Discussion

Aneurysm of a sinus of Valsalva is a rare con-
genital cardiac defect that can rupture, causing 

heart failure or other catastrophic cardiac 
events. The incidence is approximately 0.1–
3.5% of all congenital cardiac anomalies. If the 
aneurysm remains unruptured, it occasionally 
causes obstruction of coronary flow, resulting 
from compression of normal structures. Under 
the strain of aortic pressure, the sinus gradu-
ally weakens and dilates, causing the forma-
tion of an aneurysm. Lack of supporting tissue 
(e.g., ventricular septal defect) may contribute 
to instability and progressive distortion of the 
aortic sinus, often with associated aortic 
insufficiency.

5.11.5  Pearls and Pitfalls

Aneurysms of the sinus of Valsalva most often 
involve the right sinus (67–85%), followed by the 
noncoronary sinus, while an aneurysm of the left 
sinus is less common. The CTA is an excellent 
noninvasive study for the diagnosis and follow-
 up of these patients.

a b

Fig. 5.11 (a) Axial. 
Right sinus of Valsalva 
aneurysm (arrow). 
(b) Volume rendering. 
Right sinus of Valsalva 
aneurysm (arrows)
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5.12  Case 5.12

5.12.1  History

A 77-year-old male presented with a history of 
atypical chest pain.

5.12.2  Findings

There is a small focal defect in the fossa ovale, 
with adjacent redundancy of the atrial septum 
(Fig. 5.12a, b).

5.12.3  Diagnosis

The diagnosis is patent foramen ovale (PFO).

5.12.4  Discussion

Most patients with isolated PFO are asymptom-
atic. Patients may have a history of stroke or tran-
sient ischemic event of unknown etiology. PFO is 
an anatomic interatrial communication with poten-
tial for right-to-left shunt. PFO is a flap like open-
ing between the atrial septa primum and secundum 
at the location of the fossa ovalis that persists after 
age 1. In utero, the foramen ovale serves as a phys-
iologic conduit for right-to-left shunting. Once the 
pulmonary circulation is established after birth, 

left atrial pressure increases, allowing functional 
closure of the foramen ovale. This is followed by 
anatomical closure of the septum primum and sep-
tum secundum by age 1.

PFOs are detected in 10–15% of the popula-
tion by contrast transthoracic echocardiography. 
Autopsy studies show a 27% prevalence of 
probe-patent foramen ovale. The vast majority of 
patients with a PFO experience no symptoms 
throughout life. Morbidity, although rare, is pre-
dominantly due to paradoxical embolism. 
Cerebrovascular ischemic events can be attrib-
uted to paradoxical embolism through a patent 
foramen ovale. This usually occurs in patients 
without other risk factors, although deep venous 
thrombosis and hypercoagulable states may sig-
nificantly increase this risk. Migraine headaches, 
especially with aura, have been found to be asso-
ciated with the presence of a PFO. Up to 50% of 
patients with migraine headaches can be found to 
have a PFO, compared with a 15–30% prevalence 
in the normal population. The reason for this cor-
relation has not been established. PFOs may also 
be associated with an atrial septal aneurysm and 
other cardiac congenital anomalies.

5.12.5  Pearls and Pitfalls

A small defect in the fossa ovalis, with a redun-
dant atrial septum, may indicate the presence of a 
PFO.

a b

Fig. 5.12 (a) Axial. 
Patent foramen ovale 
(arrow). (b) Axial. 
Redundant atrial 
septum (arrow)
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5.13  Case 5.13

5.13.1  History

A 54-year-old female presented with history of 
progressive shortness of breath.

5.13.2  Findings

There is an ostium secundum type atrial septal 
defect (ASD) (Fig. 5.13a). There is right chamber 
enlargement and cardiomegaly. There is left-to- 
right shunt with equalization of the contrast density 
between the right and left chambers. There is dila-
tation of the pulmonary arterial trunk (Fig. 5.13b).

5.13.3  Diagnosis

The diagnosis is secundum ASD.

5.13.4  Discussion

The ASD was successfully repaired percuta-
neously with a closure device (Fig. 5.13a). 
There are four basic types of ASDs: The most 
common is the ostium secundum defect and is 
the least serious. The defect occurs in the area 
of the fossa ovalis as a result of excessive fen-
estration or resorption of the septum primum, 
underdevelopment of the septum secundum, 
or a combination of both. A  variant of ostium 

a

d e f
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Fig. 5.13 (a) Axial. Ostium secundum atrial septal defect 
(ASD) (arrow). (b) Axial thick maximum intensity pro-
jection: ASD closure with a 35-mm Helix Septal Occluder 
(arrow). (c) Axial. Dilated pulmonary arteries (double 
arrows). (d) Axial. In a different patient, previous surgical 
repair of an ostium primum ASD with placement of a 
Dacron patch (long arrow). Also, status post repair of a 

cleft in the anterior leaflet of the mitral valve (short 
arrow). (e) Axial. Sinus venosus ASD (arrow) in a differ-
ent patient. (f) Sagittal. In a different patient, coronary 
sinus defect (long arrow) with anomalous vein (short 
arrow) communicating with the left atrium. Right ventri-
cle (RV) and left atrium (LA)

5 Cardiac CTA of Congenital Coronary and Other Anomalies



124

secundum defect is the association with an 
aneurysm of the atrial septum.

The second type of ASD is the ostium primum 
defect (Fig. 5.13c). This type of ASD results 
from failure of closure of the endocardial cushion 
and is associated with a cleft in the anterior leaf-
let of the mitral valve.

The third type of ASD is a sinus venosus 
defect (Fig. 5.13d). This is located in the poste-
rior aspect of the septum near the superior vena 
cava and is associated with right partial anoma-
lous pulmonary venous return.

The fourth and least common type is a coro-
nary sinus septal defect (Fig. 5.13d). This results 
from an unroofed coronary sinus or coronary 
sinus septal defect. A segment of the roof of the 

coronary sinus is absent, with blood shunted 
from the left atrium into the coronary sinus and 
subsequently into the right atrium. It may also be 
associated with a persistent left superior vena 
cava.

5.13.5  Pearls and Pitfalls

ASDs may not be readily apparent on the CTA and 
require careful inspection of the images. Secondary 
clues alerting to the presence of a shunt are equal-
ization of the contrast density between the right 
and left chambers, right chamber enlargement, and 
dilatation of the pulmonary arteries.
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5.14  Case 5.14

5.14.1  History

A 64-year-old male presented with a history of 
CAD and recent abnormal stress test result.

5.14.2  Findings

There is a small defect in the muscular septum 
that communicates with the right and left ventri-
cles. There is mild dilatation of the main pulmo-
nary arteries (Fig. 5.14a–c).

5.14.3  Diagnosis

The diagnosis is muscular septum restrictive ven-
tricular septal defect (VSD).

5.14.4  Discussion

The small VSD was previously undiagnosed and 
found incidentally on the cardiac CT. VSDs rep-
resent approximately one fifth of all congenital 
cardiac anomalies. It is usually diagnosed during 
childhood. A VSD refers to a defect in the inter-
ventricular septum that is composed of muscular 

a b c

d

Fig. 5.14 (a, b) Axial coronal maximum intensity pro-
jection (MIP). Restrictive muscular septum ventricular 
septal defect (VSD) (arrow). (c) Axial MIP. Mildly dilated 

pulmonary arteries (double arrows). (d) Septal rupture 
from an MI (arrows) (Courtesy of Dr. Robert Quaife, 
University of Colorado, Denver.)
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and membranous segments. Defects are most 
commonly classified according to occurring in or 
adjacent to one or more septal components. The 
most common defect occurs in the region of the 
membranous septum and is referred to as a para-
membranous or perimembranous defect because 
it is larger than the membranous septum itself 
and has a muscular defect in the segment of its 
perimeter.

The second type is entirely within the muscu-
lar rim, as in this case. These muscular defects 
can be defined as inlet, trabecular, central, api-
cal, marginal or Swiss cheese, or outlet and may 
vary greatly in size, shape, and number. The 
third type of VSD occurs when the outlet septum 
is deficient and commonly is referred to as a 
supracrystal, subpulmonic, outlet, infundibular, 
or conoseptal.

The hemodynamic significance of a VSD 
depends primarily on its size and the status of the 
pulmonary vascular bed rather than the location 
of the defect. When a small communication is 
present (usually <0.5 cm2), the VSD is referred to 
as restrictive, and the right ventricular pressure is 
normal. A small VSD with high resistance to 
flow permits only a small left-to-right shunt. 
Larger VSDs, particularly of the nonrestrictive 

type (usually >1.0 cm2), are hemodynamically 
significant and may cause dyspnea, congestive 
heart failure, arrhythmias, or sudden death or 
progress to Eisenmenger’s syndrome.

An acquired VSD (Fig. 5.14d) may result 
from myocardial rupture from an acute myocar-
dial infarct, blunt and penetrating trauma, pri-
mary cardiac infection, primary and secondary 
tumors, infiltrative diseases of the heart, and 
aortic dissection. These have extremely high 
mortality.

5.14.5  Pearls and Pitfalls

Larger and hemodynamically significant VSDs 
are usually diagnosed in infancy. Clinically 
silent VSDs that are incidentally found in adults 
are visualized as small communicating defects. 
These can be suspected on the axial images in a 
localized segment of LV non-compaction. 
Coronal sagittal and oblique views may be 
needed to confirm the communication. Other 
findings include equalization of the contrast 
density in the right and left ventricles, cardiac 
chamber enlargement, and enlargement of the 
pulmonary arteries.
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5.15  Case 5.15

5.15.1  History

A 77-year-old male with a previous CABG was 
evaluated for an abnormal nuclear perfusion 
stress test result.

5.15.2  Findings

The IV contrast was injected into the left arm. 
There is a dilated vascular structure adjacent to 
the left atrium, lipomatous hypertrophy of the 
atrial septum, and heavily diseased anomalous 
origin of the left circumflex coronary artery from 
the right coronary sinus (Fig. 5.15a). There is a 
dilated coronary sinus (Fig. 5.15b).

5.15.3  Diagnosis

The diagnosis is persistent left superior vena cava.

5.15.4  Discussion

Persistent left superior vena cava is also called 
double superior vena cava. It is caused by the 
failure of regression of the left anterior cardinal 
vein and of the left horn of the venous sinus 
between the 24th and 56th days of pregnancy. It 
is the most common cause of a dilated coronary 
sinus.

Persistent left superior vena cava occurs in 
0.1–0.5% of the general population, with 8% 
draining into the left atrium. Unroofed coronary 
sinus ASD is seen in 75% of patients with an 
LSVC that drains into the left atrium and is usu-
ally associated with other forms of congenital 
heart disease and heterotaxy syndromes.

5.15.5  Pearls and Pitfalls

Left superior vena cava should be suspected in 
the presence of a dilated coronary sinus.

a b

Fig. 5.15 (a) Axial 
maximum intensity 
projection. Left superior 
vena cava (double 
arrows), anomalous left 
circumflex artery (single 
long arrow), lipomatous 
hypertrophy of the atrial 
septum (short arrow). 
(b) Sagittal maximum 
intensity projection. Left 
superior vena cava 
(single arrow). Dilated 
coronary sinus (double 
arrows)
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5.16  Case 5.16

5.16.1  History

A 43-year-old male presented to outpatient clinic 
with atypical chest pain. Normal EKG.

5.16.2  Findings

There is a single large coronary trunk arising 
from the right sinus of Valsalva (Fig. 5.16a–d).

5.16.3  Diagnosis

Congenital single coronary trunk.

5.16.4  Discussion

The case demonstrates a rare congenital coronary 
anomaly, where a single arterial trunk is present, 
perfusing the entire myocardium.

5.16.5  Pearls and Pitfalls

Since the patient has “all his eggs in one basket,” 
it is important to minimize the risk of developing 
coronary artery disease by careful risk stratifica-
tion and preventive measures.

a c

d

b

Fig. 5.16 (a) Oblique 
MIP. Single right trunk 
(arrow). (b) Volume 
Rendered (VR)-anterior 
view. (c) VR-posterior 
view. Posterior 
descending artery 
coming off of the right 
coronary artery. 
(d) Coronary tree
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5.17  Case 5.17

5.17.1  History

A 31-year-old male presented to emergency 
department with SOB with previous outside 
diagnosis of dextrocardia.

5.17.2  Findings

The anatomic right and left ventricles are 
switched in position with anatomical atrioven-
tricular discordance. There is a small perimem-
branous ventricular septal defect (Fig. 5.17a–d).

5.17.3  Diagnosis

Congenital corrected transposition of great ves-
sels (TGA) with a ventricular septal defect.

5.17.4  Discussion

Congenital corrected transposition is a rare con-
genital heart defect, where aortopulmonary sep-
tum fails to rotate 180° with atrioventricular 
discordance, during embryogenesis. Effectively, 
venous blood flows through the right atrium to the 
left ventricle (via mitral valve) and eventually to 
the lungs via pulmonary veins. Oxygenated blood 

a

c d

b

Fig. 5.17 (a) Coronal. 
The right atrium 
draining to the left 
ventricle. The left atrium 
draining to the right 
ventricle, which supplies 
the systemic circulation. 
VSD noted (arrow). 
(b) Axial. (c, d) Sagittal. 
The right ventricle 
pumping blood into the 
aorta for the systemic 
circulation. VSD noted 
(arrow)
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is returned via pulmonary arteries back to the left 
atrium and out to systemic circulation via the 
right ventricle and the aorta. Unlike congenital 
transposition of great arteries, which require a 
shunt for survival, this condition manifests in 
childhood or in early adulthood. Symptoms 
mimic heart failure and are usually due to right 
ventricular decompensation because the right 
ventricle supports the systemic circulation. 
Moreover, this condition is associated with AV 
heart block and tachyarrhythmia. Symptomatology 
will vary depending on other associated  anomalies 
like tricuspid valve abnormalities, pulmonic ste-
nosis, and/or ventricular septal defects.

5.17.5  Pearls and Pitfalls

Finding complex coronary anomalies in adults is 
becoming more common since there are thou-
sands of patients that have had corrective surgery 
during the first decade of life. Thorough knowl-
edge of the expected congenital and post-surgical 
findings is essential for an accurate diagnosis and 
appropriate patient management.
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5.18  Case 5.18

5.18.1  History

A 65-year-old female status post mitral valve 
replacement and tricuspid valve repair in the pre-
vious week. Patient developed persistent conges-
tive heart failure with pleural effusions. An astute 
cardiologist heard a roaring precordial murmur 
on physical examination and requested CCTA to 
rule out a post-surgical fistula complication.

5.18.2  Findings

Figure 5.18a demonstrates the cardiac surgery, a 
pacemaker wire and a large pleural effusion. 

Figure 5.18b demonstrates a patent ductus arte-
riosus (PDA). Figure 5.18c confirms PDA on 
invasive angiography. Figure 5.18d demonstrates 
successful placement of a closure device. The IV 
contrast opacification was suboptimal due to the 
patient’s hemodynamic status.

5.18.3  Diagnosis

Patent ductus arteriosus in an adult.

5.18.4  Discussion

A patent ductus arteriosus is a process, where the 
ductus arteriosus fail to close after birth. The ductus 

a
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b

Fig. 5.18 (a) Oblique coronal. Large pleural effusion 
noted (star). Mechanical mitral valve and tricuspid valvu-
lar ring (labeled MV and TV Ring, respectively) (b) MIP 

and VR. Patent Ductus Arteriosus (PDA) (c, d) Coronary 
angiogram. Figure (c) showing PDA and figure (d) show-
ing closed PDA, post intervention
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arteriosus creates a shunt from the pulmonary artery 
to the aorta, effectively shunting fetal blood around 
the lungs. After delivery, physiological circulation 
pressure change constricts this blood vessel and the 
ductus arteriosus eventually obliterates. If left 
uncorrected, especially in adults, this condition can 
lead to pulmonary vascular disease. In adults with a 
patent ductus  arteriosus, a percutaneous interven-
tion is recommended.

This case is remarkable that even though 
she had two previous cardiac surgeries, PDA 
was never diagnosed, which aggravated her 

postoperative course. Following the percutane-
ous closure of the PDA, the patient was 
promptly diuresed with resolution of symp-
toms and was discharged after 3 days.

5.18.5  Pearls and Pitfalls

In complex clinical situations, it is advisable to 
expand the field of view on the CT scan in order 
to obtain a complete assessment of thoracic 
structures.
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5.19  Case 5.19

5.19.1  History

A 65-year-old male with atypical chest pain 
referred as an outpatient.

5.19.2  Findings

The CCTA demonstrated obstructing multi- vessel 
coronary disease, but also a patent foramen ovale 
with a small atrial left to right shunt (Fig. 5.19a–c).

5.19.3  Diagnosis

Patent foramen ovale.

5.19.4  Discussion

There are two types of holes in the atrial septum. 
One is an atrial septal defect (ASD) and the other 
is a patent foramen ovale (PFO), which occurs in 
the fossa of ovalis. The PFO is necessary in fetal 
life and closes during the first breath at birth in 
about 75% of the time [1, 2]. If there is a persis-
tent PFO, there is a flap like opening between the 
septum primum and secundum at the location of 
the fossa ovalis that persist after age of 1 year. 
Most patients with isolated PFO are asymptom-
atic. When symptoms do occur, patient may pres-
ent with the following:

• Stroke or transient ischemic event of unde-
fined etiology

• Migraine like symptoms

a

c
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Fig. 5.19 (a) Oblique 
coronal view. PFO  
(arrow) (b, c) Axial 
view. PFO (arrow)

5 Cardiac CTA of Congenital Coronary and Other Anomalies



134

• Neurological decompression sickness, seen in 
small percent of scuba divers

• Other clinical presentations are much less 
common

5.19.5  Pearls and Pitfalls

The diagnosis of PFO on the CCTA can be made 
when there is a visualization of lack of fusion of 
the atrial septum primum and secundum with a 
small left to right shunt with predominantly cau-
dal direction. The appearance is different than a 
secundum ASD which lacks the atrial flap and 
the direction of the shunt is straight across the 
hole in the fossa ovalis.
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6.1  Case 6.1

6.1.1  History

A 54-year-old male presented with a history of 
hyperlipidemia.

6.1.2  Findings

Positive remodeling in the proximal LAD is seen, 
with a large non-calcified plaque that has fat den-
sity (lipid-rich core). There is preservation of the 
diameter of the arterial lumen (Fig. 6.1a, b).
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Fig. 6.1 (a) Curved MPR: Left anterior coronary artery (LAD) non-calcified plaque (arrow). (b) Stretched curved 
MPR: LAD non-calcified plaque (arrows)
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6.1.3  Diagnosis

The diagnosis is non-calcified plaque in the prox-
imal LAD, with preserved arterial lumen.

6.1.4  Discussion

Positive remodeling is an outward compensatory 
remodeling (the Glagov phenomenon) in which the 
arterial wall bulges outward and the lumen remains 
uncompromised. As plaques progress, it usually do 
not cause angina because it does not become hemo-
dynamically significant for a long time. In fact, the 
plaque does not begin to encroach on the lumen 
until it occupies 40% of the cross-sectional area. 
The diameter of the stenosis must be 50% or greater 
to cause flow limitation on cardiac CT and quanti-
tative coronary angiography. Such positively 
remodeled lesions form the bulk of the vulnerable 
plaques. Although they can grow for years, they are 
more prone to result in plaque rupture and acute 

coronary syndrome, rather than stable angina, as 
documented by intravascular ultrasound studies. 
The importance of early disease detection is to 
manage the patient with improved risk stratifica-
tion and secondary medical preventive therapy.

6.1.5  Pearls and Pitfalls

The coronary arteries should be inspected with 
thin slices (usually 0.9 mm or less), curved MPR, 
and vessel analysis, in order to detect early dis-
ease and other subtle abnormalities. The use of 
maximum intensity projection (MIP) and 3D vol-
ume rendering may mask the disease. On visual 
examination of coronary angiography, high- 
grade stenosis is considered with a luminal diam-
eter stenosis of greater than 50% in the left main 
coronary artery and greater than 70% stenosis in 
the rest of the coronary tree. There may be sig-
nificant discrepancy between the CTA and non- 
quantitative coronary angiogram.
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6.2  Case 6.2

6.2.1  History

A 72-year-old asymptomatic female physician 
presented with a family history of CAD. The 
study was obtained for risk assessment.

6.2.2  Findings

The initial CTA (Fig. 6.2a, b) demonstrated a 
complex plaque in the proximal RCA, causing 
luminal stenosis estimated at 30%. A 1-year fol-
low- up study demonstrates retraction of the 
plaque, which has increased in calcification and 

a b

c

e

d

Fig. 6.2 (a) cMPR: Right coronary artery (RCA) large 
complex plaque (arrow). (b) Stretched cMPR: RCA com-
plex plaque. (c) At 12-month follow-up, CMPR: RCA 
(arrow). (d) At 12-month follow-up, stretched cMPR: 

Proximal RCA plaque demonstrates retraction and 
increased calcification in the plaque. (e) At 5-year follow-
 up, stretched cMPR showing complete calcification and 
retraction of the plaque
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with less than 10% luminal stenosis (Fig. 6.2c, 
d). A 5-year follow-up study demonstrates retrac-
tion and total calcification of the plaque causing 
negligible luminal obstruction (Fig. 6.2e).

6.2.3  Diagnosis

The diagnosis is large complex plaque in the prox-
imal RCA demonstrating significant improvement 
on a 12-month and 5-year follow- up study follow-
ing medical therapy.

6.2.4  Discussion

The initial study demonstrates a large complex 
plaque in the proximal RCA that is not causing 
high-grade obstruction. However, because of the 
large size and complex characteristics of the 
plaque, there is risk of plaque rupture.

The patient was placed on 10 mg of atorvas-
tatin calcium (Lipitor; note: a higher dose had 

been recommended) and 81 mg of aspirin daily. 
The 12-month follow-up study demonstrates 
remarkable changes in the plaque, which appears 
retracted, with less encroachment on the lumen, 
and has increased in calcification. There has been 
a good response to medical therapy.

Studies have demonstrated that plaque vulnerabil-
ity is greatest in the intermediate stage of progression 
(Glagov), where there is positive remodeling in the 
wall and a relative preservation of the lumen. Cardiac 
CT has the potential for monitoring the success or 
failure of modifying CAD risk factors particularly in 
patient with hyperlipidemia, family history of CAD, 
diabetes, hypertension, and smoking.

6.2.5  Pearls and Pitfalls

In order to minimize radiation exposure to 
patients, dose-reduction techniques, such as pro-
spective axial acquisition (step and shoot), should 
be the protocol of choice.
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6.3  Case 6.3

6.3.1  History

A 54-year-old female presented with atypical 
chest pain.

6.3.2  Findings

There is a non-calcified plaque in the proximal 
LAD causing positive remodeling, with relative 
preservation of the artery lumen. Note the mini-
mal scalloping of the arterial lumen (Fig. 6.3a, b).

6.3.3  Diagnosis

The diagnosis is non-calcified plaque in the proximal 
LAD, with positive remodeling of the artery wall.

6.3.4  Discussion

The word atherosclerosis is of Greek origin and 
literally means focal accumulation of lipid (i.e., 
athere [gruel]) and thickening of arterial intima 
(i.e., sclerosis [hardening]). Coronary artery 

 atherosclerosis or CAD refers to the atheroscle-
rotic changes within the walls of the coronary 
arteries, which cause impairment or obstruction 
of normal blood flow with resultant myocardial 
ischemia. CAD is a progressive inflammatory 
disease process that generally begins in the sec-
ond decade of life and manifests clinically in 
mid-to-late adulthood. The distribution of lipid 
and connective tissue in the atherosclerotic 
lesions determines whether they are stable or at 
risk of rupture, thrombosis, and clinical sequelae.

Histopathology of Atherosclerotic Lesions
• Stary I lesion: The endothelium also expresses 

surface adhesion molecules E selectin and P 
selectin, attracting more polymorphonuclear 
cells and monocytes in the subendothelial 
space.

• Stary II lesion: Macrophages begin to take up 
large amounts of LDL (fatty streak).

• Stary III lesion: As the process continues, 
macrophages eventually become foam cells.

• Stary IV lesion: Lipid exudes into the extra-
cellular space and begins to coalesce to form 
the lipid core.

• Stary V lesion: Smooth muscle cells and fibro-
blasts move in, forming fibroatheromas with 
soft inner lipid cores and outer fibrous caps.

a b

Fig. 6.3 (a) cMPR: Left anterior coronary artery (LAD) non-calcified plaque causing positive remodeling of the arte-
rial wall (arrows). (b) Stretched cMPR: LAD non-calcified plaque (arrow)
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• Stary VI lesion: Rupture of the fibrous cap 
with resultant thrombosis causes acute coro-
nary syndrome.

• Stary VII and VIII lesions: As lesions stabi-
lize, they become fibrocalcific (Stary VII 
lesion) and, ultimately, fibrotic with extensive 
collagen content (Stary VIII lesion).

CTA has been established for the detection of 
atheromatous plaque in the coronary arteries. 
Plaques are divided into soft tissue, fibrocalcific, 
and calcified. Based on Hounsfield units (HU), it 
has been described that plaques may be further 
characterized as follows:

• Thrombus: 20 HU
• Lipids: 50 HU
• Fibrous: 100 HU
• Calcium: >300 HU

The HU numbers have been found to be unre-
liable to differentiate non-calcified plaque due to 
voxel averaging. Also, based on the CT findings, 
the potential of rupture of a non-calcified plaque 
has not yet been established.

6.3.5  Pearls and Pitfalls

Due to the histologic diversity of plaques and voxel 
volume averaging, it may not be possible to differ-
entiate between a lipid-rich core and fibrous plaque. 
When there is negative remodeling in the presence 
of a non-calcified plaque, it is reasonable to assume 
that the plaque is fibrous. Thin curved reformatted 
multiplanar reconstructed slices (cMPR) are our 
preferred technique used for the evaluation of ath-
eromatous disease. We have found that 3D volume 
rendered and MIP techniques may obscure plaques.
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6.4  Case 6.4

6.4.1  History

A 46-year-old male physician presented with 
new onset of atypical chest pain.

6.4.2  Findings

A non-calcified plaque is seen in the mid-LAD 
coronary artery, causing negative remodeling and 
high-grade (greater than 70%) luminal stenosis 
(Fig. 6.4a–c). Additionally, there is non- 
obstructive calcified plaque in the mid-LAD.

6.4.3  Diagnosis

Non-calcified plaque in the mid-LAD, with nega-
tive remodeling causing high-grade stenosis.

6.4.4  Discussion

Fewer plaques exhibit almost no compensatory vas-
cular dilation, and the atheroma steadily grows 
inward, causing gradual luminal narrowing. Many 
of the plaques with initial positive remodeling even-
tually progress to the negative remodeling stage, 
causing narrowing of the vascular lumen. These 
plaques can lead to the development of stable 
angina. These are also vulnerable to plaque rupture 
and thrombosis. The patient underwent an angio-
gram with stenting of the lesion (Fig. 6.4d, e).

6.4.5  Pearls and Pitfalls

Non-calcified plaques, causing high-grade steno-
sis, are commonly subtle and traverse only a 
short segment. In order not to miss the abnormal-
ity, it is important to use thin slice cMPR tech-
nique on a 3D workstation.

a

c d e

b

Fig. 6.4 (a) cMPR: Mid-left anterior coronary artery 
(LAD) non-calcified plaque causing negative remodeling 
and high-grade obstruction (arrows). (b) Stretched cMPR: 

Mid-LAD non-calcified plaque. (c) 3D volume rendered: 
Mid-LAD (arrows). (d) Coronary angiogram: LAD. (e) 
Coronary angiogram: Post-stenting
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6.5  Case 6.5

6.5.1  History

An 80-year-old male presented with a history of 
increasing shortness of breath and no prior car-
diac history.

6.5.2  Findings

A non-calcified plaque is seen in the mid-left 
circumflex, with positive and negative remod-
eling and high-grade obstruction of the lumen 
(Fig. 6.5a–c). Additionally, there is a complex 
plaque in the mid-LAD, adjacent to the ostium 

a c d e

b

Fig. 6.5 (a) cMPR: Mid-left circumflex coronary artery 
(LCX) non-calcified plaque causing both positive and 
negative remodeling and high-grade obstruction (arrows). 
(b) Stretched cMPR: Mid-LCX non-calcified plaque 
(arrows). (c) 3D volume rendered: Mid-LCX (arrow). (d) 
cMPR: LAD. High-grade obstruction adjacent to the 

ostium of D1 (single arrow). Thrombus in the mid-LAD, 
with total occlusion of the artery (double arrows), and ret-
rograde flow in the distal LAD. (e) cMPR: D1. High- 
grade obstruction in the proximal segment of the artery 
(arrow)
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of D1, causing high-grade obstruction. Distal 
to D2, there is calcified plaque in the LAD and 
a thrombus of undetermined age, with total 
occlusion of the artery and retrograde flow 
into the distal LAD (Fig. 6.5d). The first diag-
onal branch is a long vessel of large caliber 
and has a mixed plaque in the proximal seg-
ment that is also causing high- grade obstruc-
tion (Fig. 6.5e). There was no evidence of a 
prior myocardial infarct.

6.5.3  Diagnosis

Non-calcified plaque in the mid-LCX, with posi-
tive and negative remodeling, causing high-grade 
obstruction in the lumen. There is thrombus in 
the mid-LAD, which is totally occluded, with 

 retrograde flow from collaterals into the distal 
LAD. There is also high-grade obstruction in the 
proximal first diagonal artery.

6.5.4  Discussion

The case depicts the typical findings of progres-
sion of disease in the wall of the artery (LCX), 
with both positive and negative remodeling caus-
ing high-grade luminal stenosis.

6.5.5  Pearls and Pitfalls

Atherosclerosis is a systemic and inflammatory 
disease. It is common to encounter multiple 
plaques at different stages of disease progression.
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6.6  Case 6.6

6.6.1  History

An 80-year-old male presented with a 2-week 
history of chest pain.

6.6.2  Findings

There is a complex plaque in the mid-RCA caus-
ing high-grade stenosis (Fig. 6.6a). The atheroma 
is causing expansion of the intima, with a donut 
sign appearance on the axial slice (Fig. 6.6b). 
There is a mixed plaque in the proximal RCA 
that is non-obstructive. The patient underwent 
stenting of the RCA and subsequent intensive 
medical therapy. A 14-month follow-up CTA 
demonstrates a patent stent in the mid-RCA, with 
decrease remodeling in the adjacent wall and also 
diminished soft tissue component in the proximal 
plaque (Fig. 6.6d).

6.6.3  Diagnosis

Complex plaque in the mid-RCA, causing high- 
grade stenosis.

6.6.4  Discussion

A lesion causing mild stenosis may rupture sud-
denly and cause bleeding into the wall of the ves-
sel (plaque hemorrhage), causing high-grade 
obstruction and/or occlusion of the vessel because 
of thrombosis. Injury to the endothelial lining of 
arteries, active uptake by the vascular wall of ath-
erogenic lipoprotein particles, inflammatory and 
oxidative reactions, thrombosis, calcification, 
and hemorrhage all contribute to arteriosclerosis 
and scarring of an artery wall.

6.6.5  Pearls and Pitfalls

We have observed in a number of patients the 
CCTA donut sign. It is typical of a complex ath-
eroma, causing high-grade stenosis that is consis-
tent with intramural hemorrhage (acute/
subacute). Since this type of lesion is considered 
unstable, it is important to differentiate it from 
negative remodeling of an atheroma.

Fig. 6.6 (a) cMPR: Right coronary artery (RCA), com-
plex plaque in the mid-RCA, causing high-grade obstruc-
tion (arrows). There is a mixed plaque in the proximal 
RCA that is not flow limiting. (b) Axial RCA. Complex 

plaque, with expansion of the intima: donut sign (arrow). 
(c) Axial RCA. Proximal to the lesion, the lumen has nor-
mal diameter (arrow). (d) cMPR: RCA. 14-month follow-
 up post-stenting of the mid-RCA (arrow)

C. Smuclovisky



147

a

c d

b

6 Cardiac CTA of Coronary Artery Disease



148

6.7  Case 6.7

6.7.1  History

A 56-year-old male physician presented with a 
family history of CAD and new onset of chest 
discomfort during exercise.

6.7.2  Findings

There are scattered mixed plaques throughout the 
LAD. There is a non-calcified plaque in the prox-
imal LAD causing high-grade critical stenosis 
(Fig. 6.7a–c).

6.7.3  Diagnosis

Non-calcified plaque in the proximal LAD, caus-
ing high-grade critical stenosis.

6.7.4  Discussion

The combination of findings, proximal LAD 
large non-calcified plaque (potentially vulnera-
ble) causing a critical stenosis, should be com-
municated immediately to the referring physician. 
The patient was sent directly to the hospital from 
the outpatient center and underwent a subsequent 
angiogram and successful stenting of the lesion 
(Fig. 6.7d, e). The patient responded well and is 
currently asymptomatic (and very grateful).

6.7.5  Pearls and Pitfalls

In evaluating cardiac CT, and in the presence of 
high-grade stenosis, one should attempt to differ-
entiate stable from potentially unstable disease, 
which could lead to a coronary event. As the utili-
zation of cardiac CTA becomes more common-
place (such as in the emergency room setting), the 
medical and legal implications become apparent.

a b

c d e

Fig. 6.7 (a) cMPR: LAD. Soft tissue plaque in the proxi-
mal LAD, causing high-grade critical stenosis (arrow). (b) 
cMPR-stretched LAD. Same findings as 2.7A. (c) 3D vol-
ume rendered. Proximal left anterior coronary artery (LAD) 

(arrow). (d) Coronary angiogram: 99% (string sign) proxi-
mal LAD stenosis (arrowhead). (e) Coronary angiogram: 
PCI with drug-eluting stent placement in the proximal LAD 
with excellent results (arrowhead)
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6.8  Case 6.8

6.8.1  History

A 72-year-old asymptomatic male presented with 
inferior wall ischemia on a nuclear perfusion scan.

6.8.2  Findings

There is penetration of contrast into the wall of the 
proximal RCA. Two additional distal areas of high-
grade stenosis are noted in the RCA (Fig. 6.8a, b).

6.8.3  Diagnosis

The diagnosis is ruptured plaque in the proximal 
RCA.

6.8.4  Discussion

The case illustrates a fissure in the intimae of the 
proximal RCA, with penetration of contrast into 
the wall, the classic appearance of a ruptured 
plaque. The lesion was considered unstable, 
implying the potential to lead to thrombus 

a b

c d

Fig. 6.8 (a and b) cMPR: Right coronary artery (RCA). 
Ruptured plaque with a fissure in the proximal RCA. There 
is penetration of contrast into the wall (proximal arrows). 

There are two distal areas of high-grade obstruction (dou-
ble arrows). (c) Coronary angiogram. (d) Post-stenting 
coronary angiogram
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 formation and potentially an acute coronary syn-
drome. The patient underwent coronary angiogra-
phy the following day, with successful ballooning 
and placement of sequential drug-eluting stents in 
the proximal to mid-RCA (Fig. 6.8c, d).

Most plaque ruptures occur because of disrup-
tion of the fibrous cap, which allows contact 
between the highly thrombogenic lipid core and 
the blood. These modestly obstructive plaques, 
which have a greater burden of soft lipid core and 
thinner fibrous caps with chemoactive cellular 
infiltration particularly adjacent to the shoulder 
region, are called vulnerable plaques. The amount 
of collagen in the fibrous cap depends on the bal-
ance between synthesis and destruction of inter-
cellular matrix and inflammatory cell activation.

6.8.5  Pearls and Pitfalls

Careful observation of atheromas with thin 
curved reformatted reconstruction and cross- 
sectional imaging is recommended in order not to 
miss a ruptured plaque. Proper windowing and 
analysis of Hounsfield density is additionally 
necessary to differentiate a complex plaque from 
a fissure. Three-dimensional volume rendered 
and thick MIP images may obscure the abnor-
mality. Since the lesion is unstable, immediate 
therapy (medical/intervention) is warranted to 
prevent an acute coronary syndrome.
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6.9  Case 6.9

6.9.1  History

A 57-year-old physician complained of mild 
chest discomfort during extreme exercise.

6.9.2  Findings

There is advanced mixed plaque in the left main 
coronary artery, causing high-grade stenosis. 
There was also disease in the proximal LAD and 
LCX (Fig. 6.9a–d).

a

b c

d

Fig. 6.9 (a) A. 3D volume rendered: Left main stenosis (arrow). (b and c) cMPR LM–LAD (arrow). (d) Coronary 
angiogram: LM stenosis confirmed on angiography (arrowhead)
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6.9.3  Diagnosis

The diagnosis is high-grade stenosis in the left 
main coronary artery.

6.9.4  Discussion

Left main coronary artery disease is defined as 
>50% left main diameter narrowing, often char-
acterized by symptoms of unstable angina some-
times with hemodynamic compromise, diffuse 
ST depression in inferior and precordial leads on 
ECG, and poor prognosis due to sudden death 
and massive infarction. CABG is the first-line 

therapy, while stenting is commonplace in many 
countries as an alternative to surgery. The patient 
had a diagnostic angiogram confirming the high- 
grade left main coronary stenosis and underwent 
double bypass surgery.

6.9.5  Pearls and Pitfalls

The left main coronary artery has variable origin, 
length, and diameter. Comparison with the diam-
eter of the proximal LAD and circumflex may 
prove helpful in assessing the degree of stenosis 
in the left main.
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6.10  Case 6.10

6.10.1  History

A 43-year-old male presented with a history of 
eosinophilia and cardiac angina.

6.10.2  Findings

There is diffuse coronary artery ectasia, with 
multiple aneurysms and LAD, left circumflex, 
and RCA chronic total occlusions. There is also a 
left coronary sinus aneurysm (Fig. 6.10a–e).

a b c

d e

Fig. 6.10 (a and b) Aneurysmal dilatation of the left 
anterior coronary artery (LAD) with mid-segment chronic 
total occlusion and retrograde flow in the distal segment. 
(c) 3D volume rendered: Proximal RCA aneurysm and 
mid-segment chronic total occlusion. (d) Axial. Left coro-

nary sinus aneurysm (single arrow). Proximal LAD aneu-
rysm (double arrow). (e) Coronal. Thrombosed aneurysm 
of the proximal left circumflex coronary artery (double 
arrow). (Courtesy of Dr. Martin H. K. Hoffmann, Ulm, 
Germany)
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6.10.3  Diagnosis

The diagnosis is Churg–Strauss syndrome.

6.10.4  Discussion

Churg–Strauss syndrome is a systemic vasculitis. 
The disease was first described in 1951 by Dr. 
Jacob Churg and Dr. Lotte Strauss as a syndrome 
consisting of “asthma, eosinophilia, fever, and 
accompanying vasculitis of various organ sys-
tems.” Churg–Strauss syndrome shares many of 
the clinical and pathologic features of polyarteri-
tis nodosa. Churg and Strauss discovered that the 
presence of granulomas as well as the abundance 
of eosinophils distinguished this disease from 
polyarteritis nodosa. Another name for Churg–
Strauss syndrome is allergic granulomatosis.

The mechanism behind the changes that pro-
duce coronary artery disease in vasculitis involves 
immunologically mediated inflammation with 
intimal thickening from the accumulation of 
fibrous tissue and proliferation of smooth muscle 
cells. There is also pathologic evidence that stim-
ulated eosinophils are directly toxic to myocar-
dial cells and arterial wall components. 
Aneurysmal dilatation is associated with destruc-
tion of the media. The most notable vasculitis to 

affect the coronary arteries is Kawasaki’s disease. 
Kawasaki’s disease, however, occurs predomi-
nantly in children, presenting with fever lasting 
several days. It is commonly associated with 
strawberry tongue, palmar erythema, rash, or 
cervical lymphadenopathy.

Churg–Strauss syndrome usually responds to 
prednisone. Initially, high doses of oral predni-
sone are used in an attempt to get the disease into 
remission as quickly as possibly (e.g., using oral 
prednisone 40–60 mg/day). After the first month 
or so, this high dose of prednisone is gradually 
tapered down over the ensuing months. Other 
immunosuppressive drugs, such as azathioprine, 
mycophenolate mofetil (CellCept), methotrexate, 
or cyclophosphamide may be used in addition to 
prednisone. High doses of intravenous steroids 
(usually methylprednisolone) may be useful for 
those patients with severe disease or for those 
who are unresponsive to the combination of oral 
prednisone used with other immunosuppressive 
medications.

6.10.5  Pearls and Pitfalls

Vasculitis should be suspected, particularly in 
younger patients, with abnormally dilated coro-
nary arteries and aneurysms.
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6.11  Case 6.11

6.11.1  History

A 76-year-old asymptomatic male presented with 
a history of inferior wall ischemia on a nuclear 
perfusion scan.

6.11.2  Findings

There is high-grade stenosis in the proximal seg-
ment of the RCA and chronic total occlusion in 
the mid-segment of the RCA, with retrograde fill-
ing of the distal segment. There is non- obstructive 
disease in the proximal left circumflex, with criti-
cal subtotal occlusion in the ostium of the first 
obtuse marginal artery (Fig. 6.11a–e).

a b

c d e

Fig. 6.11 (a and b) Curved and stretched MPR RCA: 
Proximal segment high-grade stenosis (single arrow). 
Mid-segment chronic total occlusion (double arrows). (c) 

Angiogram RCA. (d) cMPR LCX: Ostial subtotal occlu-
sion of OM1. (e) Angiogram: LCX–OM1 (arrow)
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6.11.3  Diagnosis

RCA mid-segment chronic total occlusion and 
critical subtotal occlusion of the first obtuse mar-
ginal artery (OM1).

6.11.4  Discussion

The mid-RCA has a low-density transition zone 
that is diagnostic of a totally occluded artery. It is 
common to see contrast opacification of the distal 
segment from retrograde filling from collaterals. 
The thrombus in the occluded segment of the artery 
commonly has low density and may contain calci-

fied atheromas. Although the age of the thrombus 
in a patient without an acute coronary syndrome 
usually cannot be ascertained, these are commonly 
referred to as chronic total occlusion (CTO). It may 
be challenging with CT to differentiate a subtotal 
from a total occlusion. In the subtotal occlusion, 
the transition zone is typically shorter, and a small 
channel of contrast density is identified.

6.11.5  Pearls and Pitfalls

Due to the timing of the acquisition of a CCTA, it 
cannot be determined whether the arterial flow is 
antegrade or retrograde.
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6.12  Case 6.12

6.12.1  History

A 77-year-old asymptomatic female with a strong 
family history of CAD presented for presurgical 
orthopedic clearance. The patient had a prior neg-
ative myocardial perfusion scintigram result.

6.12.2  Findings

There is advanced diffuse disease in the proximal 
LAD. There is short-segment chronic total occlu-
sion in the mid-LAD. There is diminished con-
trast density in the distal LAD from retrograde 
collateral flow (Fig. 6.12a–d).

6.12.3  Diagnosis

Mid-LAD chronic total occlusion.

6.12.4  Discussion

The mid-LAD has a short low-density transition 
zone with a lack of contrast density, indicating a 
totally occluded artery. The distal LAD appears 
to have diminished caliber and is being opacified 
by retrograde flow from collaterals. The findings 
were confirmed on an angiogram. The patient 
had subsequent bypass surgery to the distal LAD.

6.12.5  Pearls and Pitfalls

The distal segment of an occluded artery com-
monly appears of small caliber due to the retro-
grade flow from collaterals and under-filling of 
the vessel. Therefore, it cannot be assumed that 
the caliber of the artery is too small for bypass 
surgery.

a b d

c

Fig. 6.12 (a–c) 3D volume rendered, curved, and stretched MPR: Mid-left anterior coronary artery (LAD) chronic 
total occlusion (arrow). (d) Angiogram: Confirms the occluded LAD (arrow)

6 Cardiac CTA of Coronary Artery Disease



158

6.13  Case 6.13

6.13.1  History

A 45-year-old male presented with exertional 
chest pain and reported a normal exercise myo-
cardial perfusion scan result.

6.13.2  Findings

There is advanced diffuse non-calcified and cal-
cified plaque extending from the distal left main 
to the mid-LAD. There is long-segment tubular- 
type high-grade stenosis in the proximal and 
mid-LAD (Fig. 6.13a, b, and e). There is also 

a b c

d

e

f g h

Fig. 6.13 (a and b) cMPR LM–LAD. (c and d) cMPR LCX: Diffuse disease with proximal high-grade stenosis. (e) 2D 
map: Advanced multi-vessel disease. (f–h) Coronary angiogram
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high-grade stenosis by mostly non-calcified 
plaque in the proximal left circumflex (Fig. 6.13c, 
d, and e). The RCA has moderate diffuse non- 
obstructive disease (Fig. 6.13e).

6.13.3  Diagnosis

Advanced multi-vessel coronary artery dis-
ease, with long-segment tubular high-grade 
stenosis in the proximal to mid-LAD and short-
segment high-grade stenosis in the proximal 
left circumflex.

6.13.4  Discussion

The CTA demonstrates well the extent of disease, 
which can be helpful in planning coronary inter-
vention and/or surgical management. It is well 
documented in the literature, with intravascular 
ultrasound (IVUS) correlation, that conventional 
coronary angiography commonly underestimates 

the amount and extent of disease in the artery 
wall. The angiogram in this case demonstrates 
significantly less disease than identified on the 
CTA (Fig. 6.13f–h). Percutaneous coronary inter-
vention was not performed in this case due to the 
extent of disease in the left main and LAD, which 
is also well demonstrated on the CTA. Also based 
on the CTA, the angiographer did not deem it 
necessary to perform additional IVUS, or flow 
wire measurement. The patient had subsequent 
bypass surgery to the LAD and left circumflex.

6.13.5  Pearls and Pitfalls

The CCTA provides valuable information to the 
angiographer prior to the diagnostic or interven-
tional procedure, thus, contributing to the 
decision- making process and management of the 
case. It may also potentially shorten the time of 
the procedure, save additional costs (e.g., IVUS), 
radiation to patient and operator and added risk to 
the patient.
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6.14  Case 6.14

6.14.1  History

A 62-year-old male presented with atypical chest 
pain and reported a normal exercise myocardial 
perfusion scan result.

6.14.2  Findings

There is advanced diffuse non-calcified and calci-
fied plaque involving the left main, and proximal 

to mid-LAD, with high-grade stenosis. There is 
also high-grade stenosis in the proximal to mid-
ramus intermedius branch (Fig. 6.14a–c and e). 
The other major coronary arteries had scattered 
non-obstructive disease.

6.14.3  Diagnosis

The diagnosis is high-grade stenosis in the left 
main coronary artery, left anterior descending, 
and ramus intermedius artery.

Fig. 6.14 (a and b) 
cMPR LM–LAD: 
High-grade stenosis 
(arrows). (c and d) 
cMPR ramus 
intermedius artery: 
High- grade stenosis 
(arrows). (e) 2D map: 
Advanced multi-vessel 
disease. (f–h) Diagnostic 
angiogram
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6.14.4  Discussion

The patient became severely hypotensive during 
the diagnostic angiogram. A balloon pump cath-
eter was placed in the aorta, and the patient was 
moved to the intensive care unit to await surgical 
revascularization.

High-grade left main disease is a major 
cause of morbidity and mortality. It is helpful 
for the angiographer to previously be aware of 
the presence of significant left main coronary 
artery disease, since the tip of the angiography 
catheter may occlude the lumen of the artery or 

unroof a plaque, which may cause significant 
adverse or catastrophic cardiac complications. 
Awareness of the high complication rate in 
such patients has changed the diagnostic pro-
cedure: cannulation of the left main coronary 
artery and is performed with more caution, and 
fewer angiographic views are obtained.

6.14.5  Pearls and Pitfalls

Greater than 50% luminal stenosis in the left 
main is considered flow limiting.

Fig. 6.14 (continued)
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6.15  Case 6.15

6.15.1  History

A 56-year-old male presented with ventricular 
ectopy.

6.15.2  Findings

There is high-grade, tubular type, stenosis in the 
mid-LAD immediately distal to the ostium of the 
second diagonal (Fig. 6.15a–e). There is also 
mild non-stenotic fibrocalcific plaque at the 
ostium of the LAD.

Fig. 6.15 (a and b) cMPR LM–LAD: High-grade stenosis (arrow). (c and d) 3D and 2D MAP: left anterior coronary 
artery (LAD) (arrow). (e–g) Angiogram (arrow). (h) Angiogram post-LAD stenting (arrow)
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6.15.3  Diagnosis

The diagnosis is high-grade (70–80%) tubular 
stenosis in the mid-LAD.

6.15.4  Discussion

High-grade obstructing atheromatous plaques are 
commonly eccentric. This case demonstrates a 
variation, where there is circumferential narrowing 

of the lumen in the mid-LAD. Note that there is 
diminished contrast density in the stenotic segment 
that is estimated at 70–80% and confirmed on angi-
ography (Fig. 6.15e–h).

6.15.5  Pearls and Pitfalls

With tubular stenosis, there is no change in lumi-
nal diameter with rotation of the curved multipla-
nar reconstructed images.
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6.16  Case 6.16

6.16.1  History

A 53-year-old asymptomatic male presented with 
inferior wall ischemia on a routine nuclear perfu-
sion exercise stress test.

6.16.2  Findings

There is chronic total occlusion in the mid- 
LAD. The mid-RCA has a predominantly non- 
calcified plaque causing high-grade stenosis that 
is proximal to a hypertrophied acute marginal 
artery. There is mild non-obstructive disease in 
the proximal left circumflex (Fig. 6.16a–d).

6.16.3  Diagnosis

Chronic total occlusion of the mid-LAD that is 
receiving retrograde collateral flow from the 
RCA. There is high-grade stenosis in the 
mid-RCA.

6.16.4  Discussion

When there is an occlusion of a major coronary 
artery, as in this case, three usual clinical scenar-
ios may occur:

• An acute MI with sudden death, which occurs 
in approximately 50% of new acute coronary 
syndromes.

• A large MI, which may carry significant mor-
bidity and disability.

• Nothing may occur, as in this case, and the 
patient may remain asymptomatic.

If the luminal stenosis is chronic, and enough 
time lapses for the development of collaterals, if 

and when the affected artery finally totally 
occludes, the collaterals may avert a myocardial 
infarct. This patient did not have a myocardial 
infarct. The distal LAD receives collateral retro-
grade flow from an acute marginal artery that is 
hypertrophied but was compromised proximal to 
its ostium by a high-grade obstructing, mostly 
non-calcified and potentially vulnerable plaque 
(Fig. 6.16a–d). The patient’s life was considered 
to be at significant risk since the RCA is domi-
nant and is supplying two major vascular 
territories.

The patient subsequently underwent coronary 
angiography with intervention of the mid-RCA 
lesion, with deployment of a drug-eluting stent. 
The patient did well and remained asymptomatic. 
A repeat nuclear perfusion scan 11 months later 
demonstrated inferior wall ischemia, for which a 
repeat cardiac CT was ordered. The new CTA 
demonstrated progression of disease, with a new 
high-grade stenotic complex plaque in the distal 
RCA (Fig. 6.16e–g). A repeat coronary angio-
gram was performed with stenting of the lesion 
(Fig. 6.16h–k).

It is important to note that ischemia at the myo-
cardial cellular level is complex and not only 
dependent on large vessel coronary obstruction. 
Other factors include vasospasm, platelet and 
coagulation dysfunction, endothelial dysfunction, 
microvascular dysfunction, and inflammation.

6.16.5  Pearls and Pitfalls

Not only is it important to determine whether an 
atheroma is or is not flow limiting, but it is 
equally important to understand the overall coro-
nary artery anatomy, as this case illustrates, the 
critical importance a lesion may have when other 
coronary territories are compromised. It can be 
hypothesized that if the plaque in the mid-RCA 
had ruptured, it likely would have caused a cata-
strophic event.
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Fig. 6.16 (a) cMPR LM–LAD: Mid-left anterior coro-
nary artery (LAD) chronic total occlusion (arrow). (b–d) 
RCA cMPR, stretched, and 2D MAP: Mid-RCA high- 
grade stenosis (arrow). (e–g) RCA cMPR, stretched, and 
2D MAP: Repeat CTA at 11 months: patent stent in the 
mid-RCA. New high-grade stenosis in the distal RCA 

(arrow). Coronary angiogram. (h) RCA: distal RCA high- 
grade stenosis (arrow), stent (double arrow). (i) LAD 
chronic total occlusion (arrow). (j) Retrograde collateral 
flow into the distal LAD (arrow) from a hypertrophied 
acute marginal from the RCA. (k) Post-stenting of the 
RCA (arrow)
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Fig. 6.16 (continued)
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6.17  Case 6.17

6.17.1  History

A 50-year-old male presented with a history of a 
prior MI approximately 1 year ago and abnormal 
myocardial perfusion scan in the inferior wall.

6.17.2  Findings

There is a double lumen in the proximal LAD 
(Fig. 6.17a, b). The RCA has a proximal segment 
intimal flap. The distal segment of the RCA has 
high-grade stenosis with a chronic hematoma in 
the wall (Fig. 6.17c, d). There is subendocardial 

Fig. 6.17 (a and b) cMPR and stretched LM–LAD: 
Proximal left anterior coronary artery (LAD) dissection 
with a double lumen on the cross section (b) (arrow). (c 
and d) RCA cMPR, stretched: Proximal segment dissec-
tion (curved arrow). Distal segment post-balloon angio-

plasty wall hematoma and high-grade restenosis (arrow). 
(e) Axial, posterior LV wall low-density scarring from a 
chronic subendocardial MI (arrows). (f) Comparison case 
from a different patient: Postangioplasty and stenting of 
the distal RCA. Chronic artery wall hematoma (arrow)
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low density in the posterior wall of the left ven-
tricle (Fig. 6.17e).

6.17.3  Diagnosis

Chronic dissection in the proximal LAD. There is 
a localized dissection in the proximal RCA. There 
are post-balloon angioplasty (PTCA) changes in 
the distal RCA, with high-grade restenosis. 
Chronic inferior wall subendocardial MI.

6.17.4  Discussion

The patient was admitted approximately 1 year 
before to a local university teaching hospital with 
an acute coronary syndrome. The patient under-
went coronary angiography, with ballooning of 
the distal RCA. A stent was not deployed. The 
CCTA demonstrated findings typical of overex-
pansion of a balloon with a chronic hematoma in 
the artery wall and restenosis. For comparison, 
Fig. 6.17f represents a different patient who 
underwent PCI of the distal RCA, with deploy-
ment of a stent and with a similar chronic hema-
toma in the adjacent wall of the artery.

About 30–50% of patients with successful bal-
loon angioplasty (no stent) may develop recurrent 
narrowing (restenosis) at the site of the balloon 
inflation, usually within 6 months following inter-
vention. Restenosis occurs with a significantly 
higher frequency in patients with diabetes and 
other comorbidities. The dissections in the LAD 
and in the proximal RCA were likely a complica-
tion from the procedure and not spontaneous.

Percutaneous coronary intervention, which 
depends on mechanical dilatation of the artery or 
ablation of atherosclerotic plaque, is requisitely 
associated with plaque fracture, intimal splitting, 
and localized medial dissection; these tears may 
extend into the media for varying distances and 
may even extend through the adventitia resulting 
in frank perforation.

The National Heart, Lung and Blood Institute 
classification system for intimal tears, developed 

by the Coronary Angioplasty Registry, was put 
forth in the pre-stent era for the classification of 
dissection types after balloon angioplasty. 
Dissections in this scheme are graded based on 
their angiographic appearances as types A 
through F.

Type A dissections represent minor radiolu-
cent areas within the coronary lumen during con-
trast injection with little or no persistence of 
contrast after the contrast has cleared. Type B 
dissections are parallel tracts or a double lumen 
separated by a radiolucent area during contrast 
injection, with minimal or no persistence after 
contrast clearance. Type C dissections appear as 
contrast outside the coronary lumen (extralumi-
nal cap) with persistence of contrast after con-
trast has cleared from the lumen. Type D 
dissections represent spiral (barber shop pole) 
luminal filling defects, frequently with excessive 
contrast staining of the dissected false lumen. 
Type E dissections appear as new, persistent fill-
ing defects within the coronary lumen. Type F 
dissections represent those that lead to total 
occlusion of the coronary lumen without distal 
antegrade flow. In rare cases, a coronary artery 
dissection may propagate retrograde and involve 
the ascending aorta.

Although infrequent, coronary artery dissec-
tion can occur spontaneously and may involve 
single or multiple coronary arteries. The inci-
dence of spontaneous coronary dissection 
occurs at rates of 0.1–0.28% of all angiographic 
studies.

6.17.5  Pearls and Pitfalls

A spontaneous ruptured plaque, with an intramu-
ral hematoma, may have a similar appearance on 
CT as a result of balloon angioplasty. However, a 
ruptured plaque is usually short segment as 
opposed to the long segment of disease demon-
strated in this case. In a coronary artery dissec-
tion, visualizing the cross-sectional image with 
color can be helpful to demonstrate the double 
lumen.
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6.18  Case 6.18

6.18.1  History

An 81-year-old male presented with a history of 
exertional chest pain.

6.18.2  Findings

There is a long complex non-calcified and calcified 
plaque extending from the distal left main into the 
proximal LAD, causing high-grade stenosis. There is 
also a mixed plaque in the mid- LAD that appears flow 
limiting (Fig. 6.18a, b). The RCA is a  large-caliber 

Fig. 6.18 (a and b) cMPR and stretched LM–LAD: 
Distal left main coronary artery and left anterior coronary 
artery (LAD) stenosis (arrows). (c) LCX cMPR: non- 
calcified plaque in the proximal segment causing high- 
grade obstruction. (d) Ramus: non-calcified in the 

proximal segment causing high-grade obstruction. (e) CA 
cMPR: Distal segment borderline high-grade stenosis 
(arrow). (f) 2D MAP: multi-vessel high-grade stenosis 
(arrows). (g–i) Coronary angiography correlation
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dominant artery and has a non-calcified plaque in the 
distal segment that appears borderline flow limiting 
(Fig. 6.18c). Also, there is non-calcified plaque caus-
ing high- grade stenosis in the proximal left circum-
flex and also in the ramus intermedius artery 
(Fig. 6.18d, e).

6.18.3  Diagnosis

Multi-vessel coronary artery disease with high- 
grade stenosis.

6.18.4  Discussion

The patient underwent coronary angiography, 
and it was believed that there was no high-grade 
stenosis in the left main, LAD, and left circum-
flex coronary arteries. Subsequent stenting of the 
distal RCA and ramus intermedius arteries was 
performed.

The case illustrates the potential benefit of a 
cardiac CT prior to coronary angiography. 
However, good communication between the CT 
interpreter and the angiographer is needed to 
integrate the CT findings and other diagnostic 

studies. The CT can also serve as a roadmap for 
the angiographer to focus on significant find-
ings and planning of the intervention. It would 
have been indicated in this case to have per-
formed a fractional flow reserve (FFR) in the 
left main coronary artery, LAD, and left cir-
cumflex. And if performed at the time, it seems 
likely that surgical revascularization would 
have been recommended.

It is documented in the literature that conven-
tional coronary angiography (luminogram) com-
monly underestimates coronary artery stenosis. 
Furthermore, it has been demonstrated with 
pathology correlation that when a vessel is visu-
ally estimated to have 70% stenosis on the angio-
gram, there is 90% stenosis on the pathology 
specimen.

6.18.5  Pearls and Pitfalls

When the findings on CCTA and coronary 
angiogram do not correlate, particularly in a 
symptomatic patient, further studies with FFR 
may be indicated to clarify the discordant inter-
pretations. Patient expired within a year from a 
massive MI.
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6.19  Case 6.19

6.19.1  History

A 66-year-old asymptomatic male presented with 
a history of questionable abnormal myocardial 
perfusion scan in the LV apex.

6.19.2  Findings

There is high-grade critical stenosis in the mid- 
RCA by a non-calcified plaque (Fig. 6.19a, b). 
The rest of the coronary arteries had no significant 
disease. Coronary anatomy is right dominant.

6.19.3  Diagnosis

High-grade critical stenosis in the mid-RCA.

6.19.4  Discussion

A coronary angiogram was subsequently per-
formed, confirming the findings on the CT and 
with successful stenting of the RCA (Fig. 6.19c, d).

6.19.5  Pearls and Pitfalls

The patient did not undergo a previous calcium 
score but would have been reported as 0. This 
finding is not surprising since one of the limita-
tions of the calcium score scan is the inability to 
detect non-calcified plaques. In a study that eval-
uated 668 consecutive symptomatic patients 
undergoing CT coronary angiography, 7% of 
patients with a calcium score of 0 had obstructive 
coronary disease [1].

Fig. 6.19 (a and b) Prospective gated axial cMPR, 2D composite: High-grade critical obstruction in the mid-RCA by 
a non-calcified plaque (arrow). (c and d) Coronary angiogram before and after stenting
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6.20  Case 6.20

6.20.1  History

A 54-year-old female marathon runner presented 
with new onset exertional chest discomfort. No 
risk factors. Negative ECG and biomarkers. 
Initially sent home from the ED and subsequently 
referred for an outpatient CCTA.

6.20.2  Findings

There is a critical ostial LAD obstruction with 
non-calcified plaque in the proximal LAD caus-
ing a high-grade obstruction (Fig. 6.20a, b).

6.20.3  Diagnosis

Non-calcified plaque causing a critical obstruc-
tion in the proximal LAD.

6.20.4  Discussion

This case highlights the importance of perform-
ing a cardiac CT in an emergency department set-
ting, in patients that are in low- to intermediate-risk 
categories. That particular ED, since then, is cur-
rently performing CCTA.

Despite the presence of a life-threatening dis-
ease, the patient was discharged from the ED, 
demonstrating a failure that can occur with the 

a b

Fig. 6.20 (a) cMPR: Critical left anterior descending artery obstruction (arrow). (b) Coronary angiogram
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usual standard of care with serial EKGs and tro-
ponins. She did not undergo a nuclear stress test, 
which may have yielded a normal study, since the 
patient is a marathon runner and likely not able to 
achieve an optimal exercise tolerance (stress 
irrelevant).

Luckily, the patient’s friend who is a doctor 
referred her to our private office the following day 
for the CCTA. The patient was referred back to the 
hospital for an invasive coronary angiogram, with 
subsequent cardiac surgical revascularization.

6.20.5  Pearls and Pitfalls

Without the CCTA, the patient was at a high risk 
for an acute myocardial infarct, which could have 

resulted in death. It is estimated that in one out of 
four patients, the first symptom of coronary 
artery disease is sudden death. Additionally, 
approximately half of patients that sustain a first 
MI result in death from a fatal arrhythmia.

It is worthy to note that a calcium score would 
have been zero and likely have led to erroneous 
risk stratification. It has been reported that up to 
15% of patients with cardiac symptoms have a 
very low or zero calcium score.

On a side note, this case was very helpful in 
convincing the medical staff at the hospital of the 
necessity to add CCTA to the chest pain center in 
the ED, which was subsequently and successfully 
established.
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6.21  Case 6.21

6.21.1  History

A 53-year-old male presented with exertional 
chest pain. No previous cardiac history.

6.21.2  Findings

There is a multi-vessel coronary artery disease 
with a ruptured plaque in the mid-LAD causing 
critical obstruction (Fig. 6.21a, b). There is also a 
low-density lipid-rich appearing mixed plaque at 
the ostium of the LAD.

6.21.3  Diagnosis

Critical obstruction in the proximal LAD from a 
ruptured plaque.

6.21.4  Discussion

It is now better understood that atheromatous 
plaque accumulation growth and ruptures are 
multi-phasic, not a linear process. Plaques that 
are non-obstructing are known to grow and 
become obstructive in a relatively short period of 
time, as little as few months [2].

6.21.5  Pearls and Pitfalls

Plaques that are predominantly non-calcified are 
much easier to accurately quantify the degree of 
obstruction.

a b

Fig. 6.21 (a) cMPR. (b) Coronary angiogram
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6.22  Case 6.22

6.22.1  History

A 51-year-old male with past medical history of 
hypertension, presented with atypical chest pain 
for 1 month. An EKG and a recent myocardial 
perfusion scan were interpreted as normal.

6.22.2  Findings

High-grade obstruction at the ostium of the LAD 
and chronic total occlusion (CTO) in the mid- 
LAD (Fig. 6.22a–c). There is a high-grade 
obstruction in the mid-RCA (Fig. 6.22d, e).

6.22.3  Diagnosis

CTO of the LAD and high obstruction in the mid- 
RCA with epicardial collaterals.

6.22.4  Discussion

Since the patient had a CTO of the LAD without 
a myocardial infarct, there was a retrograde flow 
from the RCA collateralizing the distal LAD. The 
high-grade obstruction in the RCA was likely the 
cause of chest pain due to decreased perfusion to 
a large territory of the myocardium, which placed 
patient at a very high risk for a fatal cardiac event.

6.22.5  Pearls and Pitfalls

CTOs can easily be identified in major coronary 
branches on the CCTA by observing a transition 
of contrast density (transition zone) of high to 
low between the non-occluded and occluded cor-
onary segments.

It is helpful to report the length of the occlu-
sion and the type of the plaque in the coronary 
segment, in order to assess whether catheter- 
based revascularization may be attempted.

a b

Fig. 6.22 (a) cMPR (b) Axial. (c) Coronary angiogram—Left (d) cMPR (e) Coronary angiogram—Right
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Fig. 6.22 (continued)
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6.23  Case 6.23

6.23.1  History

A 60-year-old male presented to the hospital with 
stable chest pain.

6.23.2  Findings

Presence of a significant multi-vessel coronary 
artery disease. There is a critical obstruction in 
the mid-RCA (Fig. 6.23a, b) as well as a very 
short high-grade obstruction at the ostium of the 
LAD confirmed with invasive coronary angiogra-
phy (Fig. 6.23c–e).

6.23.3  Diagnosis

High-grade short-segment obstruction at the 
ostium of the LAD and multiple obstructions in 
the RCA.

6.23.4  Discussion

This case demonstrates multiple significant coro-
nary obstructions. The short-segment obstruction 
in the LAD can be easily missed with the CCTA 
if one does not pay careful attention. The obstruc-
tion in the RCA was much easier to identify.

6.23.5  Pearls and Pitfalls

Short-segment ostial major coronary branch 
obstructions are much easier to identify with the 
CCTA than with invasive coronary angiography. 
It is important to alert the angiographer of these 
findings in order to not miss a critical finding. In 
this case, the angiographer had a very difficult 
time identifying the ostial LAD obstruction and 
had to resort to FFR for confirmation, which 
changed the management from catheter to surgi-
cal intervention.

a b

Fig. 6.23 (a) cMPR. Obstructions seen in RCA (arrow) (b) Coronary angiogram (c) cMPR; the ostial obstruction of 
the left main coronary artery (arrow) (d and e) Coronary angiography
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Fig. 6.23 (continued)
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6.24  Case 6.24

6.24.1  History

A 60-year-old male with acute severe epigastric 
pain. History of hyperlipidemia and no previous 
cardiac disease. Nonspecific ECG changes and 
negative serial troponins. Initially, the atypical 
chest pain was attributed to severe gastritis.

6.24.2  Findings

Numerous mixed plaques seen in the proximal 
LAD with an acute thrombus in the mid-LAD 
causing a total occlusion (Fig. 6.24a–d).

6.24.3  Diagnosis

Acute thrombus in the mid-LAD.

6.24.4  Discussion

The patient was thought to have acute severe gas-
tritis with atypical chest symptoms. Luckily, the 

CCTA was ordered, which demonstrated a throm-
bus with a complete occlusion in the LAD 
(Fig. 6.24a–c). Note the contrast low-density 
transition change in the occluded segment. The 
patient was transported directly from the CT suite 
to the catheterization lab for an emergency angio-
gram, which confirmed the findings on the 
CCTA. The area of the obstruction in the mid- 
LAD was successfully stented with excellent 
results (Fig. 6.24e).

6.24.5  Pearls and Pitfalls

This case highlights the importance of communi-
cating critical findings in order to help improve 
patient outcomes. This patient had immediate 
intervention after the CCTA without having sus-
tained a myocardial infarction. The patient is the 
father of an employee of the hospital. To say the 
least, they were extremely grateful for the service 
provided.

a b

Fig. 6.24 (a–c) Serial Axial MIP (d) Coronary angiogram: pre-intervention (e) Coronary angiogram: post-PCI
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6.25  Case 6.25

6.25.1  History

A 62-year-old female presented with chest pain. 
Normal EKG and stress test.

6.25.2  Findings

A critical short-segment ostial lesion at the left 
circumflex artery with a separate ostium from the 
LAD (Fig. 6.25a–c). No critical lesions in the 
LAD. Coronary circulation is left dominant.

6.25.3  Diagnosis

A critical obstruction at the ostial LCX.

6.25.4  Discussion

This is potentially a life-threatening lesion, in 
this patient with a left dominant system. It is 
important for the angiographer to know these 
findings prior to the angiogram in order to avoid 
occluding the LCX with the catheter tip. Again, 
ostial short-segment stenosis can be easily missed 
on angiography and may require, as in this case, 
magnification views to better assess intervention 
(Fig. 6.25c).

6.25.5  Pearls and Pitfalls

Short-segment critical lesions in the coronary 
arteries can be easily missed on CCTA without 
appropriate reconstruction and segmentation of 
the coronary tree.

a b

c

Fig. 6.25 (a) cMPR (b) Stretched cMPR (c) Coronary angiogram
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6.26  Case 6.26

6.26.1  History

A 61-year-old male with a mild area of ischemia 
on exercise echocardiogram.

6.26.2  Findings

There is a significant coronary artery disease. 
There are ischemic appearing changes in the 
anteroseptal wall with hypokinesis (Fig. 6.26a). 
There is an appearance of chronic total occlusion 
of the mid-LAD (Fig. 6.26b–e).

6.26.3  Diagnosis

Chronic total occlusion of the LAD with isch-
emic changes seen on anteroseptal wall.

6.26.4  Discussion

Poorly collateralized segments of total coronary 
occlusions can demonstrate hypoperfusion of the 
effected myocardial segment and are seen as 
areas of low density on the CCTA.

6.26.5  Pearls and Pitfalls

Ischemia in the myocardium can be inferred from 
the CCTA in areas of low density with preserved 
thickness of the myocardium.

a b

Fig. 6.26 (a) Axial MIP. Areas of ischemia indicated by arrows. (b) Axial MIP demonstrating a chronic total occlusion 
of the mid LAD. (c) cMPR. (d-e) Coronary angiogram
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Fig. 6.26 (continued)
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6.27  Case 6.27

6.27.1  History

A 63 year-old male with a 20-year history of a 
myocardial infarction treated medically. The 
patient did not have a coronary angiography.

The patient is an avid tennis player and under-
went an echocardiogram showing questionable 
mass in the left atrium. A cardiac CTA was 
ordered for the evaluation of a cardiac mass.

6.27.2  Findings

There is a persistent left superior vena cava with 
dilatation of the coronary venous sinus 
(Fig. 6.27a, b).

There is a critical obstruction in the proximal 
LAD, which has a small atherosclerotic aneu-
rysm (Fig. 6.27c). There is a high-grade obstruc-
tion in the proximal RCA with appearance of a 
chronic ruptured plaque and/or recanalized 
thrombus (Fig. 6.27d). There is a diffuse multi- 
vessel disease.

6.27.3  Diagnosis

Persistent left superior vena cava. Absence of a 
right superior vena cava.

Severe obstructing multi-vessel coronary 
artery disease.

6.27.4  Discussion

The patient was lucky to have a CCTA, which 
was done to evaluate for a left atrial mass seen on 
an echocardiography, which turned out to corre-
spond to a dilated coronary venous sinus. There 
was no mass in the left atrium.

There was a life-threatening multi-vessel cor-
onary artery disease with poor collateral forma-
tion (Fig. 6.27f, g). It is incredible that the patient 
was able to play competitive tennis for 4–5 days 
a week without cardiac symptoms. The patient 
underwent a surgical revascularization with dou-
ble internal mammary grafts and within 6 weeks, 
he was back playing tennis.

6.27.5  Pearls and Pitfalls

Congenital vascular anomalies are not infre-
quently confused with a cardiac mass on echo-
cardiography. CCTA can easily identify and 
definitively diagnose this type of vascular 
anomaly.

a b

Fig. 6.27 (a) Axial MIP showing persistent left SVC (b) Sagittal MIP (c) cMPR-LM (d) cMPR-RCA (e) stretched 
cMPR (f) Left coronary angiogram (g) Right coronary angiogram
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Fig. 6.27 (continued)
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6.28  Case 6.28

6.28.1  History

A 49-year-old male with a past medical history of 
hyperlipidemia, hypertension, and diabetes, pre-
sented to the hospital with atypical chest pain.

6.28.2  Findings

There is an advanced diffuse multi-vessel coro-
nary artery disease without a flow limiting steno-
sis (Fig. 6.28a–d). Coronary circulation is right 
dominant. There is an ovoid low-density nodule 
in the right cardiophrenic angle fat pad consistent 
with a pericardial cyst, which is of no clinical sig-
nificance (Fig. 6.28e).

6.28.3  Diagnosis

Metabolic syndrome with advanced diffuse coro-
nary artery disease.

6.28.4  Discussion

It is uncommon to see diffuse advanced coronary 
artery disease in this age group, which should 
raise the question of an underlying severe meta-
bolic disorder.

Metabolic syndrome consists of five chronic 
conditions: central obesity, hypertension, diabe-
tes, hyperlipidemia, and hypertriglyceridemia, all 
of which this patient had. Patients with metabolic 
syndrome are at high risk of developing cardio-
vascular disease.

6.28.5  Pearls and Pitfalls

Patients with metabolic syndrome with stable 
angina require aggressive optimal medical ther-
apy in order to avoid a future cardiovascular 
event.

a b

Fig. 6.28 (a) cMPR-LCX (b) cMPR-LAD (c) cMPR-RCA (d) Coronary tree (e) Axial MIP demonstrating pericardial 
cyst
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Fig. 6.28 (continued)
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6.29  Case 6.29

6.29.1  History

A 52-year-old male admitted to the hospital with 
an acute cerebrovascular accident (CVA). No 
prior cardiovascular history. Standard testing was 
performed, demonstrated a troponin of 0.04. A 
CCTA was ordered.

6.29.2  Findings

There is a significant coronary artery disease. 
There is a CTO of the mid-LAD (Fig. 6.29a, b). 
Another CTO is seen in the RCA with recanaliza-
tion of the proximal to mid-RCA (Fig. 6.29c, d). 
There is a CTO in mid-LCX as well (Fig. 6.29e). 
Incidentally noted is extensive bilateral pulmo-
nary embolism (PE) (Fig. 6.29f).

6.29.3  Diagnosis

Lipoproteinemia causing PE, CVA, and MI.

6.29.4  Discussion

The combination of acute CVA, PE, multiple 
coronary thrombosis should raise suspicions for 
systemic causes of coagulopathy or other meta-
bolic dysfunction. This patient was found to have 
a lipoprotein A level of 500 nmol/L (normal is 
less than 75 nmol/L). Patient underwent a plas-
mapheresis and successful cardiac surgical revas-
cularization. He was eventually discharged home 
in stable condition.

6.29.5  Pearls and Pitfalls

The severity of coronary artery disease findings 
with additional new onset of PE and CVA should 
alert an underlying systemic disease beyond the 
usual atherosclerotic disease seen in this age 
group.

a b

Fig. 6.29 (a) Axial MIP demonstrating occluded LAD (b) Left coronary angiogram (c) cMPR (d) Right coronary 
angiogram (e) Axial MIP showing occluded LCX (f) Axial MIP showing bilateral pulmonary embolism

C. Smuclovisky



189

c d

e f

Fig. 6.29 (continued)
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6.30  Case 6.30

6.30.1  History

A 49-year-old male with a history of hyperten-
sion presented to the hospital with atypical chest 
pain.

6.30.2  Findings

Right dominant coronary circulation. There is a criti-
cal obstruction in the proximal LAD (Fig. 6.30a, b). 
No plaques in the RCA (Fig. 6.30c, d) and no 
plaques in the LCX (Fig. 6.30e).

6.30.3  Diagnosis

Critical obstruction in the proximal segment of 
the LAD.

6.30.4  Discussion

Atherosclerotic events are usually thought to be 
linearly correlated to plaque burden; meaning the 
greater the plaque burden, the greater the chance 
of a coronary event. However, as this case delin-
eates, it can take only one plaque to cause a major 
cardiac event.

6.30.5  Pearls and Pitfalls

It only takes one plaque rupture in a major proxi-
mal coronary branch to ruin your day.

a b

Fig. 6.30 (a) cMPR: LAD (b) Left coronary angiogram (c) cMPR: RCA (d) Right coronary angiogram (e) cMPR: 
LCX
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6.31  Case 6.31

6.31.1  History

A 54-year-old presented to the hospital with 
chest pain.

6.31.2  Findings

Right dominant coronary circulation. There is a 
thrombus in the ostium of the ramus intermedius 
(RI) artery (Fig. 6.31a–d).

6.31.3  Diagnosis

Acute thrombus in the ramus intermedius artery.

6.31.4  Discussion

The RI is typically a small branch, but sometimes 
as in this case, it can be a large branch and cause 
significant ischemia to a large segment of the 
myocardium.

6.31.5  Pearls and Pitfalls

Significant obstructive CAD can be subtle and 
the reader needs to pay careful attention to the 
proximal branches. The critical finding was ini-
tially missed by another reviewer.

a b

c d

Fig. 6.31 (a) Axial MIP (b) Volume rendered (c) Left coronary angiogram (d) Post PCI left coronary angiogram
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6.32  Case 6.32

6.32.1  History

A 50-year-old male presented with left-sided 
chest discomfort.

6.32.2  Findings

Right dominant coronary circulation. The antero-
septal and apical regions have ischemic changes 

(Fig. 6.32a, b). There is a total occlusion of the 
LAD (Fig. 6.32c, d) with a collateral (Fig. 6.32e, f). 
There is a subtotal occlusion of the ramus interme-
dius artery at the ostium.

6.32.3  Diagnosis

Critical obstruction of the LAD.

Fig. 6.32 (a) Axial MIP: Arrows demonstrating areas of 
ischemia (b) Axial MIP: Note different Hounsfield Unit 
(HU). Previously denoted ischemia areas have less HU 
compared to non-ischemic areas (c) Axial MIP showing a 
total occlusion of the LAD. (d) cMPR (e) Axial MIP 

delineating collateral from the RCA (f) Right coronary 
angiogram showing collateral from the RCA (g) Left cor-
onary angiogram showing a subtotal occlusion in the 
ostium of the ramus

a b

c d
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6.32.4  Discussion

Areas of myocardial ischemia demonstrate 
decreased Hounsfield density, which can be mea-
sured. When compared to a normal perfused seg-
ment, a drop of 20 or greater of Hounsfield 
density should be considered to be ischemic.

6.32.5  Pearls and Pitfalls

Always look at the myocardium, wall thickness, 
and density for areas of ischemia, scar or infiltrat-
ing process.

e

g

f

Fig. 6.32 (continued)
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6.33  Case 6.33

6.33.1  History

A 63-year-old female with a history of breast 
cancer, status post-radiation therapy, presented 
with palpitations.

6.33.2  Findings

There is a heavily calcified circumferential 
plaque in the proximal LAD that appears to be 
flow limiting (Fig. 6.33a–d). A coronary angio-
gram was recommended.

a

b

Fig. 6.33 (a) cMPR (b) cMPR stretch view (c) Coronary tree (d) Left coronary angiogram: Note the calcification at the 
arrow tip
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Fig. 6.33 (continued)

6.33.3  Diagnosis

Circumferential calcified plaque in the proximal 
LAD that appears obstructive.

6.33.4  Discussion

Most calcified plaques are eccentric and rarely 
flow limiting. Concentric calcified plaques that 
narrow the lumen maybe flow limiting and 
should be reported as either suspicious or 
indeterminate.

The coronary angiogram (Fig. 6.33d) was 
reported as a 30% stenosis in the proximal 
LAD. It was not determined whether the disease 
was induced by the radiation therapy.

6.33.5  Pearls and Pitfalls

Because of blooming artifact, CCTA has 
decreased specificity and positive predictive 
value in estimating stenosis in heavily calcified 
plaques. FFRct holds great promise in improving 
specificity in these types of cases.
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6.34  Case 6.34

6.34.1  History

A 45-year-old presented to the hospital with 
3-day history of left-sided atypical chest pain.

6.34.2  Findings

There is significant dilatation of the LAD 
(Fig. 6.34a) and LCX (Fig. 6.34c, d). There is no 
coronary obstruction.

a b

c
d

Fig. 6.34 (a) Volume rendered-LAD (b) cMPR-LAD (c) Volume rendered-LCX (d) cMPR-LCX
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6.34.3  Diagnosis

Coronary ectasia.

6.34.4  Discussion

Coronary artery ectasia is abnormal dilatation of 
an arterial segment to a diameter at least 1.5 times 
that of the adjacent normal coronary artery [3]. 
The etiology of ectasia may be secondary to ath-
erosclerosis, congenital or inflammatory connec-
tive tissue disorder (vasculitis). Such condition 
disrupts laminar blood flow and decreases blood 
flow in the coronary arteries, due to enlarged 
diameter of arteries and subsequent vasospasm. 

This decreased flow can lead to tissue damage. 
Also, disruption of normal laminar flow can lead 
to spontaneous thrombosis with acute coronary 
syndrome. Patients should be treated for underly-
ing or comorbid conditions such as atherosclero-
sis or hypertension and should be started on 
anticoagulant therapy [3].

6.34.5  Pearls and Pitfalls

Although the patient had no coronary obstruc-
tion, coronary ectasia should always be reported 
since this condition requires secondary preven-
tive therapy.
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6.35  Case 6.35

6.35.1  History

A 67-year-old male underwent cardiac evaluation 
because of the sudden death of his identical twin.

6.35.2  Findings

There is a long tubular segment of critical 
obstruction in the proximal LAD and also a crit-
ical obstruction in the mid-LAD (Fig. 6.35a). 
Additionally, there is a critical obstruction in the 

a b

c d

e

Fig. 6.35 (a) cMPR-LAD (b) cMPR-LCX (c-e) Coronary angiograms
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proximal to the mid circumflex coronary artery 
which is a large caliber branch (Fig. 6.35b).

6.35.3  Diagnosis

Multiple critical obstructions in the LAD and the 
LCX.

6.35.4  Discussion

This patient underwent coronary angiography 
(Fig. 6.35c–e) which confirmed the findings on the 
CCTA. Stenting of the LAD was attempted with 
acute closure of the LAD. After placement of an 
aortic balloon, the patient underwent an emergent 
coronary artery bypass-graft surgery.

6.35.5  Pearls and Pitfalls

Concentric stenosis is also referred to as a tubular 
stenosis.
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Cardiac CTA Fractional  
Flow Reserve

Lohendran Baskaran, Christopher K. Zarins, 
and James K. Min

7.1  Overview

Fractional flow reserve (FFR) is measured inva-
sively and is the gold standard for determining 
lesion-specific ischemia and guiding treatment 
strategies for patients with stable coronary artery 
disease. This can now be determined noninva-
sively using standard coronary CT angiography 
imaging data. This novel technology provides 
FFR values using the anatomic data provided by 
coronary CTA. This provides lesion-specific 
functional information over and above the anatomic 

information provided by coronary CTA. FFRCT 
technology has been validated in prospective 
clinical trials, demonstrating high diagnostic 
accuracy and discrimination for the diagnosis of 
hemodynamically significant CAD when com-
pared to invasive FFR as the reference standard. 
Hence, FFRCT is a noninvasive tool that can pro-
vide physicians with information on both the 
anatomic degree of coronary stenosis and the 
functional significance of the lesion to help guide 
decisions for revascularization in stable CAD.
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7.2  Introduction

Coronary computed tomography angiography 
(CTA) is an excellent noninvasive method to 
identify and quantify coronary artery lesions. 
This is done with high sensitivity and good nega-
tive predictive value (NPV) [1–3]. CTA is an 
effective rule-out tool although it can overesti-
mate the degree of stenosis when compared to 
invasive coronary angiography (ICA).

Applied conventionally, CTA does not provide 
information on the functional significance of cor-
onary stenosis, and the clinician usually relies on 
other noninvasive modalities, such as single pho-
ton emission computed tomography (SPECT), 
stress echocardiogram or stress cardiac magnetic 
resonance (CMR), to aid decision-making.

The importance of establishing the physiolog-
ical significance of an “obstructive” coronary 
lesion to aid decision-making for revasculariza-
tion has long been established in trials using non-
invasive methods [4, 5]. Determining this is the 
single most important factor in influencing clini-
cal outcomes in patients with CAD [4, 6]. Patients 
with hemodynamically significant stenosis bene-
fit from revascularization, whereas those without 
do well on medical therapy alone. Unnecessary 
revascularization of nonsignificant lesions provides 

no clinical benefits while exposing patients to the 
procedural risks [7, 8]. The introduction of the 
concept of fractional flow reserve (FFR), which 
is measured invasively, has further consolidated 
the importance of this point.

FFR is an index that is measured during 
ICA. It is defined as the ratio of hyperemic maxi-
mal coronary flow in a stenotic artery to the max-
imum coronary flow in the same artery if it were 
hypothetically completely normal. It is expressed 
as a ratio of the pressures proximal and distal to 
the stenosis (Fig. 7.1).

FFR-guided revascularization improves clini-
cal outcomes and its recommended use in guide-
lines is established [7–9]. However, FFR is still 
not used routinely in practice, and decisions for 
coronary revascularization are typically based on 
visual estimates of the severity of the coronary 
artery stenosis [10]. This is even though it is well 
known that coronary angiography has limited 
value in determining the hemodynamic signifi-
cance of coronary lesions, particularly for moder-
ate coronary stenosis [7]. This may be because 
FFR wire usage increases case complexity, is 
invasive, and has risks related to the guidewire 
use. As such, there arises a need for a noninvasive 
method for assessing ischemia on a lesion- 
specific basis.

Pa = 100

∆P = 30

myoc. perfusion press. = 70 mm Hg

Pd = 100 Pv = 0

Fig. 7.1 Illustration of the concept of FFR. FFR frac-
tional flow reserve, Pd Pressure distal to the stenosis, Pa 
Pressure proximal to the stenosis, FFR = Pd/Pa. In this 
illustration, FFR = 0.7. Reproduced with permission from 
Circulation, Dec 1995. Pijls, N. H. et al. Fractional flow 

reserve. A useful index to evaluate the influence of an epi-
cardial coronary stenosis on myocardial blood flow. 
Circulation 92, 3183–3193 (1995). Copyright (1995), 
Wolters Kluwer Health, Inc.
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7.3  FFRCT

FFRCT applies computational fluid dynamics to 
the anatomic information provided by coronary 
CT angiography to compute FFR noninvasively. 
It uses the same standard CTA images and acqui-
sition protocols, with no need for additional 
imaging, radiation exposure or pharmacological 
agents. It relies on post-processing computation 
to derive a “virtual” FFR. Computation of FFRCT 
requires the following:

 1. Construction of an accurate patient-specific 
anatomical model of the coronary arteries

 2. Mathematical modeling of coronary physiology 
to derive inflow and outflow patient- specific 
boundary conditions during hyperemia

 3. Solving for the laws of physics governing fluid 
dynamics based on the boundary conditions

7.3.1  Deriving Physiological Models 
from Anatomical Information

Conventional CTA images readily provide a 
source of patient-specific anatomical informa-
tion. In circulatory systems, form–function rela-
tionships are universal, and the circulatory system 
provides sufficient blood at appropriate perfusion 
pressures under varying physiological states and 
chronic changes. Furthermore, at a resting state, 
total coronary flow is proportional to myocardial 
mass. Myocardial mass can be easily calculated 
from volumetric CTA images.

In addition, form–function relationships also 
apply to the size of the blood vessels and the flow 
they carry. Blood vessels modulate their size 

based on the flow they carry and wall shear stress 
experienced. These are adaptive processes that 
occur in chronic situations, both in healthy and 
diseased blood vessels. In other words, blood 
vessels will adapt. The more flow they carry, the 
larger they will become and vice versa.

Additional physiological information can be 
derived from anatomical images. Under resting 
conditions, the microcirculatory vascular bed has 
a resistance that is inversely related to the size of 
the feeding vessel. Smaller blood vessels have a 
higher resistance than larger blood vessels, and 
the resistance to flow downstream to a stenosis 
will be directly related to the number and size of 
the vessels there [11–17].

7.3.2  Using Computational Fluid 
Dynamics (CFD)

Fluid dynamics can be used to describe a wide 
array of phenomena, from air to liquid flow in 
numerous situations. Solving fluid dynamics 
problems requires the solution of millions of 
nonlinear partial differential equations and 
repeating this process numerous times. The 
solving of these problems requires approxima-
tion at a finite number of points. Coronary 
blood flow and pressure can be calculated by 
solving the equations for fluid dynamics. These 
relate to the conservation of mass and momen-
tum balance. The equations are solved for cor-
onary flow and pressure as a function of 
coordinates in space and time. Blood is 
assumed to be a Newtonian (incompressible) 
fluid with a constant and known viscosity and 
density [17, 18].

7 Cardiac CTA Fractional Flow Reserve
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7.3.3  Imposing Boundaries

The assumptions previously mentioned by 
them are insufficient to solve for blood flow. A 
specific domain and its boundary conditions 
must be specified. For the purposes of FFRCT, 
the domain of interest is the lumen, and the 
boundaries are the inlet boundary (here the 
aortic root), the outlet boundary (ascending 
aorta and coronary arteries), and the lateral 
surface of the blood vessel. The luminal sur-
face of the major vessels (boundaries) and 
branches can be obtained from CTA images 
and are limited only by the CTA resolution. 
During model construction, the topology of the 
coronary tree, including the surfaces of plaques 
and stenosis, are extracted.

To combine it all together, lumped parameter 
models of the systemic circulation, heart and cor-
onary microcirculation need to be coupled 
together with the patient-specific model of the 
aortic root and coronary arteries obtained from 
CTA images. The mean aortic pressure used is 
the patient’s measured mean brachial pressure. 
Total coronary flow is calculated from volumetric 
myocardial wall information obtained from CTA 
as mentioned above. Total coronary resistance is 
calculated from total coronary flow. Finally, 
boundary conditions simulating maximum 
hyperemia are assigned. This simulates the effect 
of adenosine on reducing peripheral resistance 
(as done in invasive FFR). A summary of all the 
steps above is shown below, along with a picto-
rial representation (Fig. 7.2).

Patient-Specific cCTA Data

Geometry Simulated
Hyperemic

Blood Flow &
Pressure

CCTA

Aortic pressure

Coronary flow at rest

Effect of hyperemia on microcirculation

Pressure (mmHg)
60 80 100

11050

Velocity (cm/s)
25 50 75

1000

Myocardial
Mass

Simulated physiologic conditions

Equations of Blood Flow

Fig. 7.2 Simplified schematic of computation fluid 
dynamic techniques applied to CTA data for simulation of 
hyperemic coronary artery flow and pressure. Reproduced 
with permission from Journal of Cardiovascular 
Computed Tomography 2011. Min, J. K. et al. Rationale 

and design of the DeFACTO (Determination of Fractional 
Flow Reserve by Anatomic Computed Tomographic 
Angiography) study. J. Cardiovasc. Comput. Tomogr. 5, 
301–309. Copyright (2011) Elsevier, Inc.
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7.3.4  To Calculate FFRCT

• Standard CTA dataset used to build a quantita-
tive model

• Combining LV, coronary anatomy, and form–
function principles to develop a physiological 
model

• Calculate flow and pressure under simulated 
hyperemia using computational fluid dynam-
ics and boundary conditions

7.4  Clinical Evidence

Clinical validation of FFRCT is based on direct 
comparison to invasive FFR as well as conven-
tional CTA.

Clinical studies have shown that FFRCT adds 
better discrimination to conventional CTA and 
ICA with improved diagnostic performance. 
There is also a good correlation with invasive 
FFR, even with intermediate stenoses. Three pro-
spective multicenter trials involving 609 patients 
and 1050 vessels have been carried out, namely 
the DISCOVER-FLOW, DeFACTO, and NXT 
trials.

DISCOVER-FLOW was a multicenter pro-
spective trial. It involved 103 patients (159 ves-
sels) with known or suspected CAD who 
underwent CTA, ICA, and invasive FFR.

A substudy showed that for stenoses of 
40–69%, the accuracy, sensitivity, specificity, 
PPV, and NPV of FFRCT were 86%, 90%, 83%, 
82%, and 91%, respectively [19].

The DeFACTO study was a multicenter trial 
involving 252 patients (407 vessels).

It showed an improvement of FFRCT over CTA 
in discriminating ischemia both on a per-patient 
(0.81 vs. 0.68) and per-vessel (0.81 vs. 0.75) 
basis for the AUC under the ROC [19].

The NXT study included 254 patients from 
ten centers in eight countries scheduled to 
undergo clinically indicated coronary angiogra-
phy [20]. Per-patient diagnostic accuracy to iden-
tify hemodynamically significant CAD using 
measured FFR as the reference standard was sig-
nificantly higher for FFRCT (81%) than for CTA 

(53%, p < 0.001). This was primarily due to a 
much higher specificity for FFRCT (79%) com-
pared to CTA (34%, p < 0.001). Sensitivity was 
high for both FFRCT (86%) and CTA (94%, ns). 
Similarly, per-vessel diagnostic accuracy was 
significantly higher for FFRCT (86%) than for 
CTA (65%, p < 0.001). Per-vessel specificity was 
also higher for FFRCT (86%) than for CTA (60%, 
p < 0.001) with no difference in sensitivity 
(FFRCT 84% and CTA 83%, ns). The ability to 
discriminate ischemia was significantly improved 
with FFRCT with the area under the ROC curve 
for FFRCT 0.90 compared to 0.81 for CTA, 
p = 0.0008. In patients with intermediate stenosis 
(30–70%), the diagnostic accuracy was high, in 
keeping with previous studies. This study con-
firmed that FFRCT provided high diagnostic 
accuracy and discrimination for the diagnosis 
of hemodynamically significant CAD com-
pared to anatomic testing using coronary 
CTA. Furthermore, the NXT study also showed 
similar improvement in diagnostic accuracy and 
specificity when was compared to stenosis 
assessment by invasive coronary angiography.

7.5  Summary

FFRCT then presents a noninvasive, lesion- 
specific method of identifying physiologically 
significant coronary artery stenosis, requiring no 
additional scan time, radiation, or contrast to con-
ventional CTA. The following cases illustrate the 
utility of FFRCT with comparisons to correspond-
ing ICA, CTA, and invasive FFR.

7.6  Cases

7.6.1  Case 7.1

7.6.1.1  History
A 75-year-old female with typical angina (CCSC 
I) for 1 month, brought on by her routine 3-mile 
early morning brisk walk. She is on antihyperten-
sive medication but has no family history or other 
cardiovascular risk factors.

7 Cardiac CTA Fractional Flow Reserve
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7.6.1.2  CTA Findings
There is two vessel and left main coronary dis-
ease. First, the proximal RCA has non- obstructive 
mixed plaque. There is mixed plaque in the left 

main coronary artery with mild disease. The mid 
LAD (just after D1) has severe disease caused by 
soft plaque. The distal LCX has moderate disease 
caused by soft plaque (Fig. 7.3a–c).

a

c

b

Fig. 7.3 (a) Non-obstructive proximal RCA stenosis (b) left main and mid-LAD stenosis (c) distal LCX. RCA right 
coronary artery, LAD left anterior descending coronary artery, LCx left circumflex coronary artery stenosis

L. Baskaran et al.
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7.6.1.3  FFRCT Results
FFRCT showed nonsignificance of the RCA ste-
nosis as expected. The left main lesion did not 
obstruct flow, but the mid LAD lesion was 

hemodynamically significant with an FFRCT of 
0.76 in the distal LAD. The distal LCX stenosis 
FFRCT value was 0.89 (Fig. 7.4).

FFRCT 0.88

FFRCT 0.76

FFRCT 0.89

0.9

0.8

0.7

Fig. 7.4 FFRCT showing an FFRCT value of 0.76 in the LAD and 0.89 in the LCX. LAD left anterior descending coro-
nary artery, LCx left circumflex coronary artery
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7.6.1.4  Diagnosis
The diagnosis is single vessel disease in the mid 
LAD.

7.6.1.5  Discussion
FFRCT has the most utility with intermediate ste-
noses. In this case, the significance of the LCX 
lesion on CTA was not known. The FFRCT value 

of 0.89 (i.e., >0.80) established nonsignificance 
of the lesion. This was reconfirmed when inva-
sive coronary angiography with FFR was done 
during the revascularization of the LAD lesion. 
This showed close correlation between FFRCT 
and invasive FFR in keeping with the results of 
clinical trials (Fig. 7.5).

FFRCT 0.88

FFR 0.73

FFR 0.90

FFR 0.90

FFRCT 0.76

RCA <30%

CTA FFRCT FFR

LAD 70-90%

LCx 50-70%
FFRCT 0.89

Fig. 7.5 Correlation between FFRCT and invasive FFR. RCA right coronary artery, LAD left anterior descending coro-
nary artery, LCx left circumflex coronary artery, FFR fractional flow reserve, CTA computed tomography angiography

L. Baskaran et al.
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7.6.1.6  Pearls and Pitfalls
The visual assessment of stenosis severity does 
not always correlate with hemodynamic signifi-
cance. While another noninvasive functional test 
(e.g., SPECT) would establish the presence or 
absence of patient-specific ischemia, FFRCT is the 
only single noninvasive test that provides vessel- 
specific hemodynamic information. Establishing 
hemodynamic significance of a stenosis is essen-
tial to revascularization decisions.

7.6.2  Case 7.2

7.6.2.1  History
A 72-year-old female with new onset atypical 
angina on waking up in the morning and during 
episodes of emotional stress. She has a past med-
ical history of hyperlipidemia, hypertension, and 
is a smoker.

7.6.2.2  CTA Findings
There was a moderate mixed lesion in the proxi-
mal LAD and another moderate lesion in the mid 
LAD (Fig. 7.6).

7.6.2.3  FFRCT Results
FFRCT showed that all vessels had FFRCT values 
of >0.80 (Fig. 7.7).

Fig. 7.6 Intermediate stenoses in the proximal and mid 
LAD (red arrows). LAD left anterior descending coronary 
artery

FFRCT 0.93

FFRCT 0.87

Fig. 7.7 Negative FFRCT of intermediate lesions in the 
LAD. LAD left anterior descending coronary artery
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7.6.2.4  Diagnosis
No hemodynamically significant coronary artery 
disease.

7.6.2.5  Discussion
This patient underwent invasive coronary angiog-
raphy to ensure the nonsignificance of the lesions. 

There was good correlation between the FFRCT 
and invasive FFR values. Although visual assess-
ment of the invasive coronary angiogram showed 
a 70% stenosis, no revascularization was done 
and the patient was medically treated (Fig. 7.8).

FFRCT 0.87

FFRCT 0.93

Fig. 7.8 Correlation 
between FFRCT and 
invasive FFR. Red 
arrow = non- 
physiologically 
significant stenosis. FFR 
fractional flow reserve

L. Baskaran et al.
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7.6.2.6  Pearls and Pitfalls
If there are multiple lesions within the same ves-
sel, an FFRCT of >0.8 in the most distal lesion, 
ipso facto, means that the more proximal lesions 
are not significant.

7.6.3  Case 7.3

7.6.3.1  History
A 65-year-old male presented with 2 months of 
atypical chest pain with dyspnea while playing 
tennis. He was newly diagnosed with hyperten-
sion and hyperlipidemia and was started on a 
statin and a beta blocker. Despite starting a beta 
blocker, his symptoms continued. A treadmill 
EKG was positive.

7.6.3.2  CTA Findings
There were multiple calcified plaques in all three 
vessels and the left main coronary artery. The 
LAD had diffuse calcified plaque proximally and 
focal mixed plaque in the mid LAD. There was 
focal calcification in the proximal LCX. The 
RCA had diffuse calcification extending from the 
proximal to mid RCA (Fig. 7.9a–c).

Fig. 7.9 (a) diffuse 
calcification from the 
left main coronary artery 
extending into the 
proximal LAD and focal 
calcification in the mid 
LAD (b) focal 
calcification in the 
proximal LCX and 
diffuse calcification in 
the left main coronary 
artery (c) diffuse 
calcification in the 
proximal to mid RCA. 
RCA right coronary 
artery, LAD left anterior 
descending coronary 
artery, LCx left 
circumflex coronary 
artery
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7.6.3.3  FFRCT Results
FFRCT in the RCA was 0.73. The FFRCT in the 
LAD was 0.86 and it was 0.82 in the LCX 
(Fig. 7.10).

0.73

a b

0.73
0.86

FFRCT unavailable occlusion

MAY BE FUNCTIONALLY SIGNIFICANT MAY NOT BE SIGNIFICANT

0.00 0.60 0.70

FFRCT

0.80 0.90 1.00

0.86

0.82

0.82

Fig. 7.10 FFRCT values of 0.73 in the RCA, 0.86 in the LAD and 0.82 in the LCX. RCA right coronary artery, LAD left 
anterior descending coronary artery, LCx left circumflex coronary artery

L. Baskaran et al.



215

7.6.3.4  Diagnosis
Single vessel disease of the RCA.

7.6.3.5  Discussion
Here, there are multiple lesions with calcifica-
tion. The presence of calcified lesions leads to 
blooming and beam hardening artifacts. This 
may obscure the lumen and cause a false-positive 
CTA. The increased presence of calcium 
increases the risk of misdiagnosis [21, 22]. In 
addition to that, there are multiple and diffuse 
lesions in all three vessels. To avoid unnecessary 
revascularization, it is important to establish 

hemodynamic significance as well as vessel 
specificity.

A substudy of the NXT trial examined the 
diagnostic accuracy of FFRCT versus CTA in the 
presence of increased calcification, using inva-
sive FFR as the gold standard [23]. FFRCT was 
significantly more accurate with higher specific-
ity than CTA across all quartiles of calcium 
severity, while maintaining sensitivity. This 
improvement was more than twofold to three-
fold, and was both on a per-patient and per-vessel 
basis (Table 7.1).
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7.6.3.6  Pearls and Pitfalls
The presence of heavy calcification can result in 
blooming and beam hardening artifacts, resulting 
in a false-positive CTA. Because the segmenta-
tion methods used in FFRCT use models that take 
both global and local flow, and correct for cal-
cium blooming, the presence of segmental arti-
facts (e.g., calcium) may not significantly affect 
the FFRCT value.

7.6.4  Case 7.4

7.6.4.1  History
A 53-year-male ex-smoker with diabetes melli-
tus, hypertension, and hyperlipidemia. He also 
has a family history of CAD. He is asymptomatic 
but leads a sedentary lifestyle.

7.6.4.2  CTA Findings
There is multivessel disease. There is soft plaque 
causing severe stenosis in the proximal RCA. 
There is soft plaque causing <50% stenosis in the 
left main coronary artery. There is diffused mixed 
plaque causing moderate stenosis in the proximal 
LAD, with a bifurcation lesion extending into the 
LAD and D1 (Fig. 7.11a, b).

Fig. 7.11 (a) Severe 
stenosis in the proximal 
RCA. (b) <50% stenosis 
in the left main coronary 
artery. There is a mixed 
lesion at the bifurcation 
of the LAD and D1. 
RCA right coronary 
artery, LAD left anterior 
descending coronary 
artery, D1 first diagonal 
coronary artery

7 Cardiac CTA Fractional Flow Reserve



218

7.6.4.3  FFRCT Results
FFRCT was 0.62 in the RCA, 0.73 in the LAD, 
and <0.70 in D1 (Fig. 7.12).

7.6.4.4  Diagnosis
Multivessel disease.

7.6.4.5  Discussion
The presence of numerous lesions in multivessel 
disease does not seem to affect the accuracy of 
FFRCT values, which correlated well with inva-
sive FFR (Fig. 7.13).

FFRCT 0.62

FFRCT 0.73

Fig. 7.13 Correlation 
between FFRCT and 
invasive FFR showing 
significant disease in the 
RCA and LAD. RCA 
right coronary artery, 
LAD left anterior 
descending coronary 
artery

FFRCT 0.62

FFRCT
1.00

0.90

0.80

0.70

FFRCT 0.73

Fig. 7.12 FFRCT showing multivessel disease
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7.6.4.6  Pearls and Pitfalls
Despite the presence of significant multivessel 
disease, patients may be fairly asymptomatic if 
they lead sedentary lifestyles or modulate their 
activities to mask their symptoms. The presence 
of multiple risk factors should alert the clinician 
to have a high index of suspicion. High risk 
patients will likely have multivessel disease; it 
is still important to establish the hemodynamic 
significance of each lesion on a per-vessel basis.

7.6.5  Case 7.5

7.6.5.1  History
A 61-year-old diabetic male with stable angina. 
He also has hypertension, hyperlipidemia, and is 
a current smoker. His angina symptoms continue 
despite being started on nitrates. He has a normal 
LVEF.

7.6.5.2  CTA Findings
There is diffuse mixed plaque from the proximal 
to distal LAD, with mild to moderate disease 
(Fig. 7.14a, b).

a b

Fig. 7.14 (a) volume rendered and (b) 2d views showing diffuse mixed plaque from proximal to distal LAD. LAD left 
anterior descending coronary artery

7 Cardiac CTA Fractional Flow Reserve
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7.6.5.3  FFRCT Results
The FFRCT value was 0.78 in the LAD (Fig. 7.15).

7.6.5.4  Diagnosis
Diffuse disease in the LAD.

7.6.5.5  Discussion
In this case, CTA shows a 60% stenosis along the 
LAD. It is important to establish the hemody-
namic significance of the lesion. Furthermore, it 
would be ideal if we were able to predict the FFR 
post-stenting prior to any intervention. This 
would help in planning the revascularization.

One of the novel uses of FFRCT is “virtual 
stenting” [24]. Using the same modeling tech-
niques, it is possible to modify the luminal 
diameter back to “normal” (as compared to 
proximal and distal to the stenosis). This virtu-
ally stents the lesion and predicts, noninvasively, 
the FFRCT if stenting were to be actually done. 
In this case, there was good correlation between 
the predicted and actual FFR pre- and post-
stenting (Fig. 7.16a–d).

FFRCT 0.78

FFRCT 0.84

FFRCT 0.87

Fig. 7.15 FFRCT of 0.78 in the LAD. LAD left anterior 
descending coronary artery
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a b

c d

Fig. 7.16 Correlation of FFRCT and invasive FFR pre- 
and post-stenting. (a) FFRCT pre-stenting of 0.78 (b) inva-
sive FFR pre-stenting of 0.74 (c) virtual stenting FFRCT of 

0.86 done pre-intervention (d) invasive FFR post-stenting 
of 0.83. FFR fractional flow reserve

7 Cardiac CTA Fractional Flow Reserve
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7.6.5.6  Pearls and Pitfalls
This illustrates a novel new use of FFRCT. In 
future, virtual stenting using FFRCT can help pre-
dict improvement after stenting a particular seg-
ment or lesion. This can be used to help plan the 
amount or extent of stenting required in cases 
involving multiple lesions.
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Cardiac CTA in the Emergency 
Department

David Lehmkuhl, Constantino S. Pena, 
and Ricardo C. Cury

The timely diagnosis of chest pain to this day 
remains a difficult task in the emergency depart-
ment (ED). Currently, chest pain is one of the 
leading causes of presentation to the ED in the 
United States. However, only a fraction of the 
patients with chest pain present with sufficient 
electrocardiogram (ECG) changes that require 
immediate intervention via catheterization. 
Therefore, the vast majority of patients require 
both costly and timely diagnostic workups prior 
to being safely discharged.

The current standard-of-care for chest pain 
workup requires serial ECGs and cardiac bio-
markers as well as multiple imaging tests. The 
serial tests increase length of stay and accumu-
late costs. In response to these problems, cardiac 
computed tomography angiography (CCTA) has 

become helpful in the ED setting. In recent stud-
ies, CCTA has been shown in low-risk popula-
tions to increase the rate of discharge from the 
ED (49.6% vs. 22.7%, 95% CI, 21.4–32.2) [1], 
decrease the length of stay (range 27.5–51% less 
than standard length) [1–4], increase the rate of 
detection of coronary artery disease (CAD) 
(9.0% vs. 3.5%, 95% CI, 0–11.2) [1], and reduce 
costs (range 20–38% reduction) [3, 5] when com-
pared to the current standard-of-care [4, 6].

A recent systematic review and meta-analysis 
determined the safety of CCTA in the ED using 
18 studies containing 9592 patients with a median 
follow-up time of 20 months [7]. The results of 
the study demonstrated the effectiveness of 
CCTA by comparing the combined annual rate of 
major adverse cardiovascular events (MACE) in 
patients with minimal or no stenosis (0.17%, 
p < 0.05), nonobstructive CAD defined by <50% 
coronary lumen diameter stenosis (1.41%, 
p < 0.05), and obstructive CAD defined by >50% 
coronary lumen diameter stenosis (8.84%, 
p < 0.05). In addition, the pooled negative likeli-
hood ratio for MACE in patients with minimal or 
no stenosis was 0.008 (95% CI: 0.003–0.21, p 
0.001, I2 = 0%) with a positive likelihood ratio of 
1.70 (95% CI: 1.24–2.02, p < 0.001, I2 = 0%), 
sensitivity of 0.99 (95% CI: 0.93–1.00, p < 0.001, 
I2 = 0%), and specificity 0.41 (95% CI: 0.31–
0.52, p < 0.001, I2 = 72%).

Prior to utilizing CCTA and implementing the 
technology into clinical workflow in the ED, 
logistical planning and a methodical stepwise 
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approach are required [8]. In order to begin the 
process, a collaborative multidisciplinary team 
consisting of cardiologists, emergency physi-
cians, hospitalists, nursing staff, and radiologists 
trained in cardiovascular CT must be available. 
The next step involves careful selection of ideal 
candidates for the study. Candidates best suited 
for CCTA are those presenting with negative ini-
tial cardiac enzymes, a normal or nondiagnostic 
ECG, and are without contraindications or rela-
tive contraindications for a coronary CTA. In 
addition, candidates should be screened using a 
standardized risk stratification tool in order to 
prevent exposure to additional radiation in 
patients with very low risk or delay patients that 
require a more invasive test. Lastly, a standard-
ized report should be generated for the providing 
physician and specific treatment plan should be 
advised based on the study to create a uniform 
communication.

Through a joint effort from multiple disci-
plines at Baptist Hospital of Miami and Miami 
Cardiac and Vascular Institute (MCVI), a proto-
col to utilize CCTA was developed and imple-
mented into practice [2, 9]. Upon presentation to 
the ED, cardiac enzymes are measured, an ECG 
is performed and a thrombolysis in myocardial 
infarction (TIMI) score is calculated on all 
patients who present with chest pain with a pos-
sible cardiac etiology. The patient is deemed 
moderate to high risk of ACS if they possess any 
of the following criteria: TIMI score > 2, a diag-
nostic ECG, or positive cardiac enzymes. In this 
situation, the patient is referred to catheterization 
lab or single-photon emission computed tomog-
raphy myocardial perfusion imaging (SPECT 
MPI) based on the clinical scenario and the ACC/
AHA guidelines [10]. If the patient does not meet 
the moderate- to high-risk category, the patient is 
deemed low risk and is eligible to receive a CCTA 
with the primary goal of detection of coronary 
stenosis.

Prior to the study, patients at MCVI are 
prepped according to a protocol in order to 
streamline the procedure and develop the best 
possible results in the least amount of time. First, 
patients are screened for contraindications or 
relative contraindications for the procedure. If a 
patient has severe renal insufficiency or iodine 
allergy, they are excluded from CCTA com-
pletely. If there is a relative contraindication 
(pregnancy, inability to perform a breath hold, 
inability to lay flat, obese, contraindication to 
beta-blockers, nitrates, recent use of phosphodi-
esterase-5 inhibitors, previous coronary calcium 
score > 1000, mild renal insufficiency or arrhyth-
mia that cannot be controlled with beta-block-
ade), the risks and benefits from the procedure 
should be examined. If a patient has a relative 
contraindication, an initial evaluation with stress 
MPI is a preferred alternative. IV access for con-
trast injection is established and the heart rate is 
measured. If the heart rate is regular and >65 
beats/min or >60 beats/min and irregular, the 
patient is given a single dose of oral metoprolol 
100 mg 1 h prior to the scan. Last, the patient is 
given 400 μg of sublingual nitroglycerin a few 
minutes prior to being injected for the procedure. 
Prospective ECG-triggered technique is the pre-
ferred method if the patient has a stable rhythm 
and a heart rate < 65 beats/min. Retrospective 
EGC-triggered techniques may be used if ECG-
based tube current modulation is available to 
reduce radiation dose.

In addition to developing a well-defined algo-
rithm for selecting patients who would benefit 
from a CCTA, it is also important to stratify 
patients who have received a CCTA and deter-
mine a treatment algorithm based on the results. 
At MCVI, patients who have less than 40% coro-
nary stenosis are deemed to have mild stenosis. 
These patients can be safely discharged from the 
ED and are instructed to have follow-up outpa-
tient management with a cardiologist. Patients 
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who are found to have between 40 and 70% coro-
nary stenosis are considered to have moderate 
stenosis and additional tests with stress MPI or 
catheterization with fractional flow reserve are 
recommended prior to discharge. If patients are 
found to have >70% coronary stenosis, they are 
believed to have severe stenosis and catheteriza-
tion should be performed for further diagnosis 
and possible intervention prior to discharging the 
patients.

In order to ensure proper treatment following 
CCTA, structured reporting between providers 
is critical for the implementation of 
CCTA. Standardized site-dependent templates 
are recommended in order to reduce the likeli-
hood of neglecting important elements in the 
report. In addition, a standard template allows 
the reporter to convey information clearly to the 
interpreter regardless of training background 
and improves reliability of the report between 
different institutions. Furthermore, reports 
should be completed within 1 h and directly 
communicated to the ordering physician if there 
are any positive findings [11].

If a clinician has a high suspicion for a pul-
monary embolism (PE) or aortic dissection in 
addition to ACS and the patient is classified 
low risk as previously established, the patient 
can be considered for a “triple-rule-out” 
(TRO) protocol with extended thoracic cover-
age. A recent study showed that a TRO proto-
col had a NPV of 99.4% in 201 patients with 
low-to-moderate risk ACS patients for adverse 
outcomes at 30 days [12]. The efficacy of this 
demonstrates the usefulness for this protocol 
in situations where the differential diagnosis is 
broad.

The TRO protocol requires simultaneous 
attenuation of both the pulmonary arterial vascu-
lature and systemic circulation in order to prop-
erly visualize the necessary structures. Since 
peak enhancement of contrast in the pulmonary 
arteries occur 10–12 s prior to systemic arterial 
circulation (bolus transit time), the contrast must 
be introduced at a high contrast bolus volume of 
a minimum 130 cm3 of non-ionic iodine contrast 
at a slow flow rate of 4 cm3/s. Both of these modi-
fications allow for an increase in the bolus transit 
time in order to extend the timeframe for the CT 
image acquisition. With this altered protocol, the 
TRO protocol has an advantage to view extracar-
diac structures but has the drawback of additional 
radiation dosage and less sensitivity when com-
pared to CCTA [13].

In conclusion, CCTA has been shown to be a 
highly effective tool in multiple single-center 
and multicenter trials. CCTA has been shown to 
lower costs, reduce hospital length of stay, and 
decrease time to diagnosis. For proper imple-
mentation of CCTA to rule out ACS, a hospital 
system must be equipped with the proper per-
sonnel and an algorithm detailing the patients 
who would benefit. Patients should be stream-
lined with proper management prior to imitation 
of the study. In addition, patients undergoing 
CCTA should also have a comprehensive algo-
rithm for management after results are obtained. 
Moreover, the physicians involved with the 
patient’s care should have a standardized report 
within a timely fashion. If the ordering clinician 
is uncertain of the etiology of chest pain and the 
possibility of aortic dissection or pulmonary 
embolism is entertained, a TRO study can be 
performed due to its high NPV.

8 Cardiac CTA in the Emergency Department
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8.1  Case 1

A 61-year-old male presented with increasing 
frequency of chest pain over the last 2 weeks. 

Upon presentation to the ED, he was found to 
have one set of negative troponins and ECGs. 
The patient had hypertension and a family history 
of heart disease. TIMI risk score: 0.

a b

c

Fig. 8.1 (a) Axial and (b) curved multiplanar reforma-
tion (MPR) views show focal high-grade stenotic lesion in 
the proximal left anterior descending artery estimated to 
narrow the lumen by greater than 70% by a noncalcified 
“soft” plaque. Patient had an Agatston-Janowitz Calcium 
Score of 4 units all within left circumflex artery. (c) 

Angiography showed mild hypokinesis in the anterior 
wall of the left ventricle and 95% stenosis in the left ante-
rior descending artery. The stenosis was treated with a 
drug-eluting stent that resulted in TIMI 3 flow with 0% 
stenosis
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8.2  Case 2

A 53-year-old male presented with intermittent 
central chest pressure over the past month. The 
chest pain was unrelated to activity and would 
last up to 2 h. He had previous noninvasive test-

ing performed a year prior to presentation that 
was negative for any cardiac abnormalities. The 
patient’s risk factors were hypertension, former 
smoker, and family history of heart disease. TIMI 
risk score: 1.

a b

c

Fig. 8.2 (a) Axial and (b) curved MPR views show a 
focal noncalcified plaque in the middle of the right coro-
nary artery creating a greater than 70% stenosis was con-
firmed on all phases of the cardiac cycle. Patient had an 
Agatston-Janowitz Calcium Score of 0. (c) Angiography 

showed single vessel coronary disease with a 95% ste-
notic lesion in the middle of the right coronary artery. The 
remainder of the coronary tree was normal. A drug-elut-
ing stent provided TIMI 3 flow with 0% stenosis

8 Cardiac CTA in the Emergency Department
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8.3  Case 3

A 50-year-old male presented with progressive 
angina over the past month with severe chest pain 

on arrival to the ED. The patient had hyperten-
sion, diabetes mellitus, hyperlipidemia, a family 
history of heart disease. He had taken aspirin in 
the past week. TIMI risk score: 2.

a b

c

Fig. 8.3 (a) Axial and (b)  curved MPR views show a 
mixed plaque which was predominantly noncalcified in 
the mid left anterior descending artery causing a greater 
than 90% stenosis. Patient had an Agatston-Janowitz 

Calcium Score of 472; (Percentile: 98). (c) Angiography 
demonstrated single vessel disease with a 99% stenosis of 
the mid left anterior descending artery with TIMI 2 flow
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8.4  Case 4

A 56-year-old male developed chest pain on post-
operative day #1 after a laparoscopic cholecys-
tectomy. The patient had a previous myocardial 

infarction 4 years prior to the event that resulted 
in placement of two stents placed in the right 
coronary artery. He had a history of diabetes mel-
litus, hypertension, and hyperlipidemia. TIMI 
score: 2.

a b

d

c

Fig. 8.4 (a) A curved MPR view of the right coronary 
artery demonstrated patent stents with nonobstructive 
(less than 30% stenosis) disease. (b) A curved MPR view 
of the left anterior descending artery and left main demon-

strated nonobstructive disease. (c) Axial and (d) coronal 
show pulmonary emboli in the distal right main pulmo-
nary artery that extended into the subsegmental arteries of 
the right upper lobe and right middle lobe
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8.5  Case 5

A 55-year-old male presented with intermit-
tent chest pain unrelated to physical activity. 

The patient had a history of hypertension, 
hyperlipidemia, and diabetes mellitus. TIMI 
risk score: 1.

a b

dc

f

e

Fig. 8.5 (a) Axial view showing a focal greater than 50% 
obstructing noncalcified plaque within the proximal right 
coronary artery and (b) an axial view of a tandem greater 
than 70% obstructing noncalcified plaque seen in the mid 
right coronary artery. (c) A curved MPR view shows both 
lesions in the right coronary artery. (d) Axial view showing 
a nonobstructive (less than 30%) lesion in the left circumflex 
and a greater than 50% mixed plaque within the first obtuse 

marginal artery. Patient had an Agatston-Janowitz Calcium 
Score of 489; Percentile: 96%. (e) Angiography demon-
strated a greater than 90% eccentric stenosis of the mid right 
coronary artery and (f) a 50–60% narrowing in the left cir-
cumflex and 80% narrowing of a mid-obtuse marginal 
branch. A drug-eluting stent was utilized to treat the right 
coronary artery. A fractional flow reserve was measured and 
the left circumflex was not treated
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8.6  Case 6

A 53-year-old male presented with chest pain 
radiating to the upper back for 2 days. Upon 
arrival to the ED, he had a TIMI risk score of 2. 
His risk factors were diabetes mellitus, hyperten-
sion, hyperlipidemia, smoking history, and family 

history of heart disease. TIMI score at time of 
CCTA: 2. After CCTA was performed, he devel-
oped positive troponins with a peak of 3.2 and 
new T wave inversions in leads II, III, aVF, and 
V5-V6. A 2D-echocardiogram showed no seg-
mental abnormalities.

a b

Fig. 8.6 (a) A curved MPR showed greater than 70% 
stenosis secondary to a noncalcified plaque was seen in 
the mid left circumflex artery. Additionally, nonobstruc-
tive disease (less than 30% stenosis) was seen in the left 
anterior descending artery and right coronary artery 

(not shown). Patient had an Agatston-Janowitz Calcium 
Score of 197; Percentile: 93. (b) Between 90% stenosis 
of the mid segment of the circumflex artery was seen on 
angiography. A drug-eluting stent was deployed

8 Cardiac CTA in the Emergency Department



232

8.7  Case 7

A 48-year-old female presented with acute chest 
pain. She had a history of peripheral vascular dis-
ease, atrial fibrillation, hypertension, systemic 

lupus erythematosus, hyperlipidemia, and a fam-
ily history of heart disease. She had used aspirin 
in the preceding week. TIMI risk score: 2.

a b

d
c

e

Fig. 8.7 (a) Axial view shows a mixed plaque within the 
left anterior descending artery that was nonobstructive (less 
than 30%). (b) An additional axial view shows a greater than 
70% stenosis in the mid left circumflex artery due to a non-
calcified plaque. (c) Curved MPR of the left circumflex is 

shown. The patient had an Agatston-Janowitz Calcium 
Score of 239; Percentile: 99%. (d) The left circumflex dem-
onstrated a 90% stenosis that was treated with angioplasty 
and stent placement. (e) There was nonobstructive plaque in 
the left anterior descending artery
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8.8  Case 8

A 66-year-old male presented with worsening 
chest pain that was consistent with unstable 
angina. He had a history of peripheral artery 

disease, diabetes mellitus, hypertension, hyper-
lipidemia, and kidney disease. He had used aspi-
rin in the preceding week. TIMI risk score: 3.

a b

dc

Fig. 8.8 (a) Axial view shows focal significant stenosis 
of 70% was found in the proximal left anterior descend-
ing artery due to a noncalcified soft plaque. (b, c) Two 
curved MPR views further illustrate the soft plaque. The 
patient had an Agatston-Janowitz Calcium Score of 54; 

Percentile: 58. (d) The left anterior descending artery 
showed 80% proximal stenosis that was reduced to 0% 
via a drug-eluting stent with post-dilatation balloon. 
TIMI 3 flow was seen after deployment
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8.9  Case 9

A 53-year-old male presented with a 1-week his-
tory of chest pain that radiated to the left arm. His 
risk factors were hypertension, hyperlipidemia, 
and current smoker. TIMI risk score: 1.

a b

c

Fig. 8.9 (a) Axial and (b) curved MPR view depicting a 
mixed plaque within the proximal left anterior descending 
artery, which did not cause obstruction of the vessel (less 
than 30%); however, in the mid left anterior descending 
artery there was critical obstruction secondary to a non-
calcified plaque. The patient had an Agatston-Janowitz 

Calcium Score of 67; Percentile: 84. (c) Angiography 
showed a single vessel coronary artery disease with a 
critical lesion in the middle portion of the left anterior 
descending artery. The patient had drug-eluting stent in 
middle of the left anterior descending artery
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8.10  Case 10

A 51-year-old male presented to the emergency 
department with acute chest pain. His major risk 
factors were hypertension and hyperlipidemia. 
TIMI score: 0.

Fig. 8.10 (a) Axial view of the noncontrast calcium 
score image demonstrates loss of tissue distinction 
between the aortic root and main pulmonary artery with 
higher density material. In addition, there is a small peri-
cardial effusion seen. (b) Coronary CTA examination con-
firms A Type-A aortic dissection with an intimal flap seen 

in the proximal ascending aorta just above the root as well 
as within the descending thoracic aorta. There is a small 
tear in the medial aspect of the ascending aorta with 
extravasation of contrast to the mediastinum between the 
aortic root and main pulmonary artery

a b
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8.11  Case 11

A 41-year-old male presented to the emergency 
department for chest pain. The patient had  

dyslipidemia and a family history of heart dis-
ease. TIMI score at the time of CCTA: 0.

a b

dc

fe

Fig. 8.11 (a) Axial and (b) curved MPR views illustrate 
critical obstruction involving the proximal right coronary 
artery secondary to a large noncalcified plaque. (c) Axial (d) 
curved MPR show an additional moderately obstructive 
40–70% stenosis in the mid portion of the left circumflex due 
to a mixed plaque. The patient had an Agatston-Janowitz 

Calcium Score of 57. (e) The right coronary artery demon-
strated a 95% obstructive lesion proximally on angiography. 
(f) Additionally, there was a 60% left circumflex lesion viewed 
on angiography. Successful percutaneous coronary interven-
tion to the right coronary artery was achieved using a drug-
eluting stent

D. Lehmkuhl et al.



237

8.12  Case 12

A 65-year-old male presented with epigastric 
pain and was found to have borderline elevated 

cardiac enzymes upon arrival to the emergency 
department. The patient has a history of diabetes 
mellitus, hyperlipidemia, and has a family his-
tory of heart disease. TIMI score: 3.

a b

d

c

e

Fig. 8.12 (a) Axial view showing a long segment of 
sequential obstructive disease within the proximal to mid 
right coronary artery causing a stenosis of greater than 
70% due to mixed plaque. (b) An axial view shows 
another mixed plaque which was mostly noncalcified 
within the proximal posterior descending artery. (c) 
Curved MPR illustrates the lesion in the right coronary 
artery. Additionally, there were nonobstructive moderate 

calcified plaque within the left anterior descending and 
circumflex arteries (not depicted). The patient had an 
Agatston-Janowitz Calcium Score of 490; Percentile: 91. 
(d) Sequential stenosis of 80 and 90% stenosis was 
observed in the right coronary artery angiography. There 
was successful revascularization of the right coronary 
artery using drug-eluting stents. (e) The PDA lesion was 
less than 60% on angiography
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8.13  Case 13

A 70-year-old male presented to the emer-
gency department with a chief complaint of 
retrosternal chest pressure with generalized 
weakness occurring at rest. The patient was 
asymptomatic upon arrival in the ED but had 

the symptoms for 3 h constantly just prior to 
arrival. The patient had a known history of 
coronary artery disease and had previous MI 
treated with four stents. The patient had serial 
negative cardiac enzymes and ECGs. TIMI 
risk score: 2.

a b

Fig. 8.13 (a) A curved MPR view illustrates a long stent 
in the proximal left anterior descending artery with multi-
focal areas of intrastent hypodensities that were consistent 
with restenosis of the stent. There were patent stents in the 
first obtuse marginal artery and distal right coronary 
artery (not shown). The patient had an Agatston-Janowitz 

Calcium Score of 80; Percentile: 55. (b) Angiography 
showed the left anterior descending artery had an in-stent 
90% restenosis at the bifurcation with the second diagonal 
branch. The right coronary artery stent was patent and did 
not need intervention. Successful treatment with a drug-
eluting stent was performed
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8.14  Case 14

A 52-year-old male presented with a 1-month 
history of dyspnea on exertion and acute chest 
pressure associated with numbness in the right 
arm after exertion. The patient had a silent in 

myocardial infarction years prior to presentation 
and treated with coronary transluminal angio-
plasty and stenting. Serial troponins and ECGs 
were negative. His risk factors were: active 
smoker, hyperlipidemia, family history of heart 
disease, and hypertension. TIMI risk score: 2.

a b

Fig. 8.14 CTA demonstrated multivessel plaques and 
nonobstructive (less than 40% stenosis) disease. (a) A 
curved MRP demonstrated greater than 70% stenosis in 
the right coronary artery 1–2 cm proximal to a right coro-
nary artery stent and greater than 70% obstruction within 

the stent from restenosis. The patient had an Agatston-
Janowitz Calcium Score of 142. (b) A 90% stenosis of 
mid segment of the right coronary artery and a total occlu-
sion of the distal stent in the right coronary artery was 
seen on angiography
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8.15  Case 15

A 40-year-old male presented with recurrent 
angina chest pain. The patient had a history of 
heart disease and was status post-coronary 

angioplasty of the right coronary artery that was 
treated with a stent. The patient had additional 
risk factors of hypertension, positive family his-
tory of heart disease and hyperlipidemia. TIMI 
risk score: 2.

a b

Fig. 8.15 (a) A curved MPR shows a focal hypodensity 
in the lumen of the stent in the middle of the right coro-
nary artery suggesting high-grade in-stent restenosis. The 
distal right coronary artery was patent. (a) Stable moder-
ate stenosis in the proximal and middle portion of the left 
anterior descending artery was unchanged from previous 

studies. The patient had an Agatston-Janowitz Calcium 
Score of 0. (b) Severe in-stent restenosis of the proximal 
right coronary artery stent was seen. Successful percuta-
neous coronary intervention with stent deployment with 
drug-eluting stents in the right coronary artery occurred 
with no complications
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Cardiac CTA in the Evaluation 
of Stents

Claudio Smuclovisky

9.1  Case 9.1

9.1.1  History

A 77-year-old female presented with a history of 
chest pain, subsequent to percutaneous coronary 
intervention (PCI).

9.1.2  Findings

There is a widely patent stent in the mid-
RCA (Fig. 9.1a–c). There is also a minimal calci-
fied nonobstructing plaque in the proximal RCA.

9.1.3  Diagnosis

The diagnosis is patent drug-eluting stent (DES) 
in the mid-RCA.

9.1.4  Discussion

Although the accuracy of stent evaluation with 
CT is currently being debated, there is general 
agreement that the CTA has high sensitivity and 

specificity for greater than 50% stenosis in stents 
with a diameter of 3 mm or larger. Essentially, 
deployment of a stent consists of a collapsed wire 
mesh that is expanded following ballooning of a 
lesion. The various techniques for stent place-
ment are beyond the scope of this book.

CTA and evaluation of the stent consists of 
determining whether the stent was completely 
deployed across a plaque or there is a stenosis in 
the lumen of the stent. The lumen and density in 
the stent should be similar to that of adjacent 
artery. Areas of low density in the stent indi-
cate either subintimal hyperplasia or thrombus. 
This should not be confused with parallel metal 
artifact from the struts of the stent. The areas of 
low density in the stent are evaluated similar to 
how we approach atheromas, with curved refor-
matted reconstruction and cross-sectional imag-
ing to determine whether they are flow limiting. 
Additional attention is directed to whether the 
stent is over- or underexpanded, fractured, angu-
lated, or if it obstructs (cages) a branch. It is also 
not uncommon to develop a tight stenosis at the 
edge of the stent (napkin ring stenosis). When a 
stent is occluded, there is diffuse low density in 
the lumen of the stent, with a distal low-density 
transition zone.
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9.1.5  Pearls and Pitfalls

Even minimal motion artifact may cause streak-
ing that mimics in-stent restenosis. Reconstruction 

of the arteries should be made between 0.5 and 
0.8 mm with a sharp kernel. Window width should 
be set greater than 1000 (average, 1500) and cen-
ter adjusted between 400 and 800 (average, 650).

a c

b d

f

e

Fig. 9.1 (a–c) cMPR, 3D volume rendering, and stretched: Patent RCA stent (arrow). (d–f) Pre-intervention CTA: 
RCA high-grade stenosis (arrow)
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9.2  Case 9.2

9.2.1  History

A 77-year-old female with a history of prior PCIs 
with placement of multiple stents in the LAD, 
presented with subsequent CABG. The CTA was 
performed for questionable ischemia in the LV 
apex on a nuclear perfusion scintigram.

9.2.2  Findings

There are multiple sequential occluded stents in 
the proximal to mid-LAD and a patent left inter-
nal mammary artery graft (LIMA) to the distal 
LAD (Fig. 9.2a–d).

a

c

b d

Fig. 9.2 (a–c) Volume rendering, cMPR, and stretched 
LAD–LIMA: Occluded sequential stents in the proximal 
to mid-LAD. The lower arrow in (a) and (b) shows a tran-

sition zone between the distal stent and the LAD, indicat-
ing an occlusion. There is a patent LIMA graft to the distal 
LAD. (d) cMPR: Patent LIMA graft to the distal LAD
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9.2.3  Diagnosis

The diagnosis is chronic total occlusion of the 
proximal to mid-LAD. The distal LAD has no 
disease and has been bypassed with a LIMA graft 
that is patent.

9.2.4  Discussion

There are multiple sequential stents in the proxi-
mal to mid-LAD. Note that there is no evidence 
of contrast density in the lumen of the stents, and 
there is a transition zone in the distal stent, indi-
cating chronic total occlusion. As in this case, it 
is not infrequent that following one or multiple 
coronary interventions, with subsequent failure 
of the stents by subintimal hyperplasia, or throm-
bosis, that the patient is referred for surgical 
revascularization.

9.2.5  Pearls and Pitfalls

Low density alone in the lumen of a stent is not 
diagnostic of an occluded stent. Extensive subin-
timal hyperplasia may mimic an occlusion. 
Additional findings such as a distal short low- 
density transition zone or lack of contrast opaci-
fication of the distal artery are needed to conclude 
that the stent is occluded.

9.3  Case 9.3

9.3.1  History

A 72-year-old female presented with a history of 
intermittent chest pain and PCI 2 years prior, 
with DESs.

9.3.2  Findings

There is a Y stent in the second diagonal, with low 
density in the lumen of the stent indicating reste-
nosis (Fig. 9.3a, b). There is a stent in the LAD, 
which has localized focal low density in the lumen 
of the distal stent (Fig. 9.3c). Incidentally noted is 
a membranous septal aneurysm bulging into the 
right ventricle (Fig. 9.3d, e).

9.3.3  Diagnosis

The diagnosis is in-stent restenosis in the second 
diagonal artery. Nonobstructive neointimal 
hyperplasia in the distal segment of the stent in 
the LAD. Incidentally found is a membranous 
septal aneurysm.

9.3.4  Discussion

Neointimal hyperplasia in a stent that causes 
decreased contrast opacification in the lumen, 
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a

d

g h

e f

b c

Fig. 9.3 (a, b) cMPR and stretched D2: In-stent resteno-
sis (arrow). (c) cMPR LAD: Mild nonobstructing neo-
intimal hyperplasia in the distal stent (arrow). (d, e) 
Coronary angiogram pre- and postangioplasty of D2 

(arrow). Patent LAD stent. (f, g) CTA axial and coronal 
slices: Membranous septal aneurysm (MSA) (arrow). (h) 
Angiogram, LV injection: Membranous septal aneurysm 
(arrow)

9 Cardiac CTA in the Evaluation of Stents



248

which appears as low density. Significant reste-
nosis is defined as vessel lumen narrowing of 
more than 50% after angioplasty. Restenosis is an 
iatrogenic process caused by an excessive arterial 
healing response to vessel injury associated with 
dilation. It results from the combined effects of 
elastic recoil, vascular remodeling, and neointi-
mal hyperplasia. Coronary stents represent a 
mechanical approach to the prevention of reste-
nosis by virtually eliminating elastic recoil and 
negative remodeling of the vessel after balloon 
dilation. The occurrence of neointimal hyperpla-
sia is mainly responsible for the observed rates of 
restenosis, which range from less than 10% with 
a DES to 40% with an uncoated or bare metal 
stent. For both stent types, excess stent length is 
associated with an increased risk of in-stent reste-
nosis. The restenosis in the diagonal artery was 
confirmed on angiography and was subsequently 
ballooned. The focal area of neointimal hyperpla-
sia in the distal stent in the LAD was not signifi-
cant on the angiogram.

There are various techniques for stenting 
bifurcating lesions. Among these are T stent 
technique, V stent technique, Y stent technique, 
crush technique, and the culottes or trousers tech-
nique, which is a variant of the Y technique.

The membranous septal aneurysm was an inci-
dental finding. These may be associated with 
many congenital cardiac anomalies and be a cause 
of arrhythmia and/or tricuspid valve dysfunction.

9.3.5  Pearls and Pitfalls

The identification of neointimal hyperplasia is 
common in CT angiography. The greater chal-
lenge is determining whether it is flow limiting 
and/or clinically significant, particularly in 
smaller caliber vessels, and also overlapping 
stents. Correlation with the patient’s symptoms 
and a myocardial perfusion scintigram is helpful 
to determine whether further evaluation with cor-
onary angiography is warranted.
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9.4  Case 9.4

9.4.1  History

A 73-year-old male presented with a history of 
new onset of exertional chest pain and mid-LAD 
PCI 10 years prior, with a bare metal stent (BMS).

9.4.2  Findings

There is high-grade stenosis in the range of 90% 
in the mid-LAD (Fig. 9.4a–e).

9.4.3  Diagnosis

The diagnosis is high-grade stent restenosis in 
the mid-LAD.

9.4.4  Discussion

The neointimal hyperplasia obscures the stent, 
which is poorly identified. In fact, without the 
history of the prior PCI, it would not have been 
possible to determine, with certainty on the CTA, 
the presence and location of the stent in the 
mid-LAD.

9.4.5  Pearls and Pitfalls

BMS in place over a number of years may be 
obscured by the neointimal hyperplasia and 
therefore may not easily be identified on 
CTA. It is uncertain at this time whether DES 
may also develop a similar appearance after 
many years.

a

c d e

b

Fig. 9.4 (a–c) cMPR and stretched, volume rendered LAD: stent high-grade restenosis in the mid-LAD (arrow). 
(d, e) Correlative coronary angiogram demonstrating 90% stenosis in the mid-LAD (arrow)
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9.5  Case 9.5

9.5.1  History

A 75-year-old female presented with a history of 
increasing shortness of breath. The status was 
post mid-LAD and LCX PCI in the previous 
3 years, with BMS.

9.5.2  Findings

There are two areas of high-grade stenosis in the 
mid-LAD. There is a widely patent stent in the 
proximal left circumflex (Fig. 9.5a–e).

9.5.3  Diagnosis

High-grade stent restenosis in the mid-LAD and 
a second distal segment of high-grade stenosis.

9.5.4  Discussion

The extensive neointimal hyperplasia obscures 
the stent, which is poorly identified. The mini-
mal contrast density (string sign) through the 
stent and lack of significant transition zone 
distally would indicate that the lumen is not 
totally occluded. There is a more distal short 
segment high-grade stenosis in the LAD 
(arrow).

9.5.5  Pearls and Pitfalls

The neointimal hyperplasia should not be con-
fused with a thrombus or plaque rupture in the 
arterial lumen. Notice that the distal segment of 
the stent is sharp and appears to extend beyond 
the lumen of the native artery. It is a good clue 
that a stent is present.
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a

c

d e

bFig. 9.5 (a–c) Volume 
rendering, cMPR and 
stretched, LAD: Stent 
high-grade restenosis in 
the mid-LAD and more 
distal in the LAD 
(arrows). (d) Composite 
cMPR. Patent stent in 
the proximal LCX, 
LAD disease (arrows). 
(e) Correlative coronary 
angiogram demon-
strates the two areas of 
high-grade stenosis in 
the mid- LAD (arrows)
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9.6  Case 9.6

9.6.1  History

A 53-year-old male presented with a history of 
atypical chest pain, CAD, and prior multivessel 
coronary interventions.

9.6.2  Findings

There is narrowing of the distal lumen of a 
DES in the left circumflex coronary artery 
(Fig. 9.6a, b).

9.6.3  Diagnosis

The diagnosis is underexpanded distal segment 
of a DES in the left circumflex coronary artery.

9.6.4  Discussion

Coronary stents, including DESs, must be optimally 
deployed with full lesion coverage and complete 
expansion of the stent and complete apposition to 
the vessel wall to optimize results. Less than full 
expansion and apposition significantly increases the 
risk of complications such as subacute thrombosis, 
target lesion revascularization, and restenosis, thus 
compromising the benefits of the intervention. With 
DES, incomplete expansion and apposition can also 
impede drug delivery to the vessel wall.

9.6.5  Pearls and Pitfalls

Overlapping stents may have a similar appear-
ance to an underexpanded stent. Significantly 
increasing the window width on the workstation 
in the range of 1500–3000 may prove helpful.

a b

Fig. 9.6 (a, b) cMPR and stretched, LCX: Underexpanded distal segment of the coronary stent (arrows)
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9.7  Case 9.7

9.7.1  History

A 72-year-old male presented with RCA-PCI 
2 months prior, with increasing atypical chest 
pain.

9.7.2  Findings

There are widely patent overlapping DESs in the 
proximal to mid-RCA. The RCA has diffuse dis-
ease. There is soft tissue (plaque, hemorrhage?) 
density in the distal RCA causing high-grade 
critical stenosis (Fig. 9.7a–c).

a c

b

Fig. 9.7 (a, b) cMPR and stretched, RCA: Widely patent 
overlapping stents in the proximal to mid-RCA (short 
arrow). High-grade critical obstruction in the distal RCA 

(long arrow). (c) Axial slice demonstrating high-grade 
critical obstruction in the distal RCA (arrow)
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9.7.3  Diagnosis

Patent overlapping DES in the right coronary 
artery. New onset of high-grade critical stenosis 
in the distal RCA, presumably from a guidewire 
injury during coronary intervention.

9.7.4  Discussion

Sequential coronary stents may overlap causing 
summation metal density on the CTA. During cor-
onary artery intervention, guidewires are placed 
distal to the deployment of the stent. Common 
complications related to the wire tip include perfo-
ration of the coronary artery, with development of 
a hemopericardium, subintimal hemorrhage, and 
dissection of the coronary artery. Most of these 
complications are detected at the time of the pro-
cedure or suspected clinically within a matter of 
hours. If not diagnosed and treated, these may lead 
to chronic unstable angina, acute coronary syn-
drome, and sudden death. The patient underwent a 
repeat coronary angiogram, with successful stent-
ing of the distal RCA. Although it was felt that the 
most likely diagnosis was a wire-related injury, a 
postprocedure rupture of a plaque, with subintimal 
hemorrhage in the wall could not be completely 
excluded.

9.7.5  Pearls and Pitfalls

Increasing the window width on the workstation 
is helpful in evaluating the segment of overlap-
ping stents.

9.8  Case 9.8

9.8.1  History

A 69-year-old male presented with a history of 
COPD, presurgical workup for lung CA and prior 
PCI in the RCA and left circumflex performed 
12 years previously. The study was performed for 
preoperative clearance.

9.8.2  Findings

There is a bare metal stent in the proximal RCA 
with high-grade proximal edge stenosis. There is 
a second bare metal stent in the mid-circumflex, 
which has high-grade stenosis in the proximal 
and distal edge of the stent and in-stent restenosis 
(Fig. 9.8a–c).

9.8.3  Diagnosis

High-grade edge stenosis adjacent to coronary 
stents and high-grade restenosis in the stent in the 
left circumflex coronary artery.

9.8.4  Discussion

It has been reported that a frequent occurrence 
(48%) of significant stenosis outside of bare 
metal stents in patients presenting with symp-
toms following coronary stent deployment. 
The majority of these stenosis also involve ste-
nosis inside of the stent (diffuse proliferative 
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and edge). DES markedly reduce the incidence 
of in-stent restenosis but are unlikely to affect 
stenosis outside of the stent. The etiology of 
restenosis occurring at the edge of a stent is 
likely multifactorial. Diffuse proliferative 
restenosis is an aggressive restenotic response 
primarily within the stent, with extension to 
the stent edge and beyond. Other causes would 
include brachytherapy and barotrauma from 
catheter balloon injury. Additionally, Attila 
et al. hypothesized that edge restenosis may be 
related to low-oscillating shear stress, causing 

expression of several growth factors, which leads 
to intimal proliferation and restenosis [1, 2].

9.8.5  Pearls and Pitfalls

On CTA, it may be difficult to differentiate an 
edge stenosis, also referred to as a “napkin ring 
stenosis,” from common CTA artifact that causes 
decreased, drop out, density in the edge of a stent. 
The artifact usually does not extend beyond 
1–2 mm beyond the edge of the stent.

a

c d

b

Fig. 9.8 (a, b) cMPR and stretched, LCX: Proximal and distal stent edge stenosis (arrow). Low density in the stent 
from restenosis (short arrows). (c, d) cMPR and stretched, RCA: Proximal stent edge stenosis (arrow)
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9.9  Case 9.9

9.9.1  History

A 67-year-old female presented with a history of 
shortness of breath. The status was post mid- 
LAD PCI.

9.9.2  Findings

The mid-LAD has an intramyocardial course 
(appearance of a myocardial bridge) with a stent. 
The proximal segment of the stent is fractured 
with a gap in the coronary artery (Fig. 9.9a, b).

9.9.3  Diagnosis

The diagnosis is fractured stent.

9.9.4  Discussion

Stent fracture is an uncommon complication, lead-
ing to unstented gaps between two completely 
opposed segments of a stent. Subsequent resteno-
sis may occur. A more disastrous consequence of a 
stent fracture would include late distal emboliza-
tion or migration of the fractured portion of the 
stent. Multiple mechanisms of stent fracture have 
been proposed including overexpansion of the 
stent with a high-pressure inflation, shear stress 
from vessel tortuosity, or overlapping of stents.

9.9.5  Pearls and Pitfalls

Without detailed knowledge of the procedure, the 
clue that the stent is fractured instead of there being 
a second stent is that the stent fragment (<5 mm) is 
shorter than the manufactured stents (>6 mm).

Fig. 9.9 (a, b) cMPR and stretched, LAD: The proximal segment of the stent is fractured (arrows)
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9.10  Case 9.10

9.10.1  History

A 74-year-old male, asymptomatic with a history 
of abnormal stress test, presented with status post 
left circumflex coronary artery PCI in 1996.

9.10.2  Findings

There is a long bare metal stent in the proximal to 
mid-left circumflex coronary artery with metallic 
markers in the proximal and distal ends of the 
stent, which obscure partially the lumen of the 
artery; otherwise, the stent appears patent 
(Fig. 9.10a–c).

9.10.3  Diagnosis

There is a bare metal stent with proximal and dis-
tal metallic markers (unknown brand).

9.10.4  Discussion

Since the introduction of percutaneous translu-
minal coronary angioplasty by Gruntzig in 1977, 
major advancements have been made in the clin-
ical practice of PCI. Puel and Sigwart, in 1986, 

deployed the first coronary stent to act as a scaf-
fold, thus preventing vessel closure during per-
cutaneous transluminal coronary angioplasty 
and reducing the incidence of angiographic 
restenosis, which had an occurrence rate of 
30–40% [3, 4]. By 1999, stenting composed 
84.2% of all PCIs. Despite the widespread use of 
these devices, bare metal stents have been asso-
ciated with a 20–30% restenosis rate requiring 
reintervention. Restenosis occurs as a result of 
neointimal hyperplasia—growth of scar tissue 
within the stent—due to the proliferation and 
migration of vascular smooth muscle cells. This 
phenomenon is clinically evident within the first 
6–9 months after stent placement and occurs in 
response to strut-associated injury and inflam-
mation. Various stent designs were initially cre-
ated, including the one seen in this case, with 
metallic markers that were commonly made with 
gold. The markers allowed the angiographer to 
identify under fluoroscopy the position of the 
stent.

9.10.5  Pearls and Pitfalls

The markers at the ends of the stent cause bloom-
ing artifact, which obscures the adjacent arterial 
lumen and consequently the inability to assess 
stenosis. Fortunately, these are no longer 
implanted in the United States.

Fig. 9.10 (a–c) cMPR, stretched, volume rendering. LCX: Long bare metal stent with metal markers in the proximal 
and distal ends (arrows)
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9.11  Case 9.11

9.11.1  History

A 76-year-old male presented with atypical chest 
pain and a history of an abnormal stress test. He 
is status post first obtuse marginal (OM1) coro-
nary artery PCI approximately 5 years prior, with 
a bare metal stent.

9.11.2  Findings

There is an advanced diffuse disease in the proxi-
mal LAD. There is diffuse low density in a stent in 
OM1, with no evidence of distal flow (Fig. 9.11a–c).

9.11.3  Diagnosis

The diagnosis is occluded bare metal stent in OM1.

Fig. 9.11 (a–c) Volume 
rendering, cMPR, 
stretched, OM1: 
Occluded (thrombosed) 
stent (arrows)
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9.11.4  Discussion

The images demonstrate diffuse low density in 
the lumen of the stent, with no distal flow, 
diagnostic of an occluded stent. Stents are the 
most widely used devices for coronary inter-
vention despite two problems: subacute stent 
thrombosis (1–2%) and high restenosis rate 
(5–40%). Subacute stent thrombosis occurs 
within the first month after stent placement 
and can be prevented using the double anti-
platelet regimen with aspirin and clopidogrel. 
Some risk of subacute  thrombosis remains 
beyond the first month when DESs are used. 
DESs require prolonged antiplatelet therapy. 
DESs are the most significant innovation in 
interventional cardiology. They can reduce the 
incidence of restenosis in native stable coro-
nary arteries to 3–5%. However, the long-term 
studies comparing bare metal stents and DESs 
do not show significant differences in the rate 
of major adverse cardiac events (death, myo-
cardial infarction), especially in patients with 
diabetes after the treatment of bifurcating 
lesions.

9.11.5  Pearls and Pitfalls

Severe in-stent restenosis may mimic an occluded 
stent. The lack of opacification of the artery 
beyond the stent indicates stent thrombosis and 
total occlusion.

9.12  Case 9.12

9.12.1  History

A 78-year-old female presented with new onset 
of atypical chest pain. She had had CABG 
approximately 10 years prior, with interval occlu-
sion of the vein graft to the distal RCA, with sub-
sequent multiple PCIs with bare metal stents and 
also DESs in the previous 5 years.

9.12.2  Findings

There is high-grade stenosis in the ostium of the 
RCA, in the proximal edge of the first stent, and 
suspected in the mid-RCA (Fig. 9.12a, b). There 
are multiple sequential and overlapping stents 
throughout the RCA (full metal jacket), with addi-
tional patchy areas of low density in the lumen of 
the distal stents that were considered indeterminate 
for a high-grade restenosis. There is adjacent metal 
artifact from median sternotomy wire sutures.

9.12.3  Diagnosis

The diagnosis is high-grade stent restenosis.

9.12.4  Discussion

The CTA demonstrates definite high-grade steno-
sis in the proximal edge of the first stent and 
questionable in the mid- and distal RCA.  
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The patient underwent coronary angiography that 
confirmed high-grade ostial and mid-RCA steno-
sis (Fig. 9.12c). Angioplasty and an additional 
two stents were deployed in the proximal and 
mid-RCA, with satisfactory results (Fig. 9.12d).

9.12.5  Pearls and Pitfalls

When clinically indicated, CTA is an excellent 
noninvasive study in the evaluation of coronary 
stents.

Fig. 9.12 (a, b) RCA cMPR, stretched: High-grade ostial 
stenosis in the proximal edge of the first stent and sus-
pected mid-segment high-grade stent restenosis (arrows). 
(c) Coronary angiogram confirming high-grade stenosis at 

the ostium of the RCA and mid-segment (arrows). (d) 
Coronary angiogram following angioplasty and deploy-
ment of an additional two stents in the RCA, with satisfac-
tory results
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9.13  Case 9.13

9.13.1  History

A 47-year-old male presented with a history of 
PCI in the previous 2 months, with placement of 
DESs in the mid-LAD and RCA. The patient pre-
sented with new onset of chest pain. (Case cour-
tesy of Dr. William Bugni, Tampa, FL.)

9.13.2  Findings

There is a short segment of endoluminal low den-
sity in the distal segment of the stent in the LAD 
(Fig. 9.13a, b). There is also localized endolumi-
nal low density in the distal segment of the stent 
in the RCA extending just beyond the stent (nap-
kin ring stenosis). There is discontinuity of the 
struts in the mid-segment of the same stent sug-
gesting the strut fracture (Fig. 9.13c, d).

9.13.3  Diagnosis

The diagnosis is early onset of high-grade in- 
stent restenosis in the LAD and RCA.

9.13.4  Discussion

In-stent restenosis may involve any part of the stent 
and frequently involves the proximal or distal ends 
of stents. The patient underwent coronary angiog-
raphy (Fig. 9.13e, f) with intravascular ultrasound 
that confirmed the high-grade stenosis in the distal 
segments of the stents and in the mid- segment of 
the RCA stent, where disruption of the struts was 
previously noted on the CCTA. Due to the early 
failure (within 2 months) of the stent placement 
and involving two major coronary vessels, surgical 
revascularization was recommended.

9.13.5  Pearls and Pitfalls

Localized in-stent restenosis may be difficult to 
visualize without proper windowing of the 
images. Widened window width well above 1000 
with adjusted window level is commonly required 
to identify the abnormality.
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a

c

b

e

d

f

Fig. 9.13 (a, b) LAD cMPR, stretched: Localized distal 
stent endoluminal low density indicating high-grade in- 
stent restenosis (arrows). (c, d) RCA cMPR, stretched. 
Localized distal stent endoluminal low-density napkin ring 
appearing high-grade in-stent restenosis. Discontinuity of 

the struts in the mid-segment of the stent suggesting a strut 
fracture (arrows). (e) Left coronary angiogram confirming 
the stenosis in the distal segment of the stent in the LAD 
(arrow). (f) Right coronary angiogram confirming the ste-
nosis in the stent in the RCA (arrows)
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9.14  Case 9.14

9.14.1  History

A 62-year-old female with atypical chest pain 
status post PCI to the RCA.

9.14.2  Findings

There is a dissection in the RCA distal to the edge 
of the patent stent.

9.14.3  Diagnosis

Dissection of the RCA distal to the stent 
(Fig. 9.14a, b).

9.14.4  Discussion

The case demonstrates one of the complica-
tions following a PCI, which is a dissection of 
the non- stented segment of the artery. This 
may result from a wire injury perforating the 
intimal layer of the vessel or barotrauma to the 
intima during the stent deployment and/or 
ballooning.

9.14.5  Pearls and Pitfalls

Complications from PCI can occur within the 
stented segment, at the edge of the stent, and 
beyond the area of intended intervention.

a

b

Fig. 9.14 (a) cMPR of RCA (b) Stretched cMPR of RCA
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9.15  Case 9.15

9.15.1  History

A 71-year-old female with acute onset of chest 
pain. Status post RCA-PCI.

9.15.2  Findings

The patient had a CCTA in the previous 8 months 
that demonstrated a mid-strut stent fracture 
located in the proximal RCA, but is otherwise 
patent (Fig. 9.15a). The new CCTA study demon-
strates an acute thrombosis of the stent at the site 
of the fracture with subtotal occlusion (Fig. 9.15b: 
arrow indicating the fracture site). A coronary 
angiogram was performed the following day 
showing complete thrombosis of the stent 
(Fig. 9.15c).

9.15.3  Diagnosis

Fractured stent developing an acute thrombosis.

9.15.4  Discussion

Stent fracture is a known complication from a 
PCI. Fracture of the stent struts cause altered 
laminar flow through the segment, which results 
in decreased patency rates and complications 
such as thrombosis as demonstrated in this case.

9.15.5  Pearls and Pitfalls

In the evaluation of stents, it is important to look 
carefully to identify the discontinuity of the struts 
(Fig. 9.15a) in order to diagnose a non-displaced 
strut fracture.

a b c

Fig. 9.15 (a) cMPR of RCA  (b) cMPR of RCA with the arrow indicating the fractured strut site. (c) Right coronary 
angiogram
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9.16  Case 9.16

9.16.1  History

A 50-year-old male with past medical history of 
IV drug abuse, thymoma status post resection 
and radiation therapy, presenting to the hospital 
with atypical chest pain.

9.16.2  Findings

Initial CT angiogram showing a left dominant 
coronary system with a critical stenosis in the 
proximal LAD (Fig. 9.16a–c). The plaque also 
extends proximally into the left main but the nar-
rowing of the left main is less than 50%.

CCTA taken status post stenting of the proxi-
mal LAD showing a patent stent (Fig. 9.16d), but 
it extends proximally into the distal left main and 
jails the ostium of the dominant left circumflex 
coronary artery (Fig. 9.16e–g).

9.16.3  Diagnosis

Stent placed in the proximal LAD extending 
proximally into the left main coronary artery and 
also jailing the dominant LCX artery.

9.16.4  Discussion

Although the stent is patent, it was unfortunately 
deployed incorrectly extending into the proximal 
left main artery and jailing the dominant left cir-
cumflex artery. This complication of intervention 
places the patient at risk of acute coronary 
 syndrome and death. Therapeutic options include 
double antiplatelet therapy with close clinical 
follow-up, reintervention with placement of 
stents in the left main and the LCX, and/or surgi-
cal revascularization. The patient was referred for 
the performance of a nuclear stress test and clini-
cal follow-up.

9.16.5  Pearls and Pitfalls

High quality CCTA can be used for the evalua-
tion of the PCI patency and other complications 
as demonstrated in this case.
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a b

d

c

e

g

f

Fig. 9.16 (a) cMPR of LAD (b) stretched cMPR of LAD (c) Left coronary angiogram (d) Axial (e) stretched MPR of 
LAD with stent in place (f, g) cMPRs of LAD and LCX
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9.17  Case 9.17

9.17.1  History

A 70-year-old male with a history of stenting in the 
previous 12 months presents with new onset of chest 
pain similar to the one described prior to the PCI.

9.17.2  Findings

There is a DES stent in the first diagonal branch 
with restenosis. The proximal edge of the stent 
protrudes into the LAD (Fig. 9.17a, c). There is a 
stent in the RCA, which has mild restenosis and 
high-grade critical obstruction just distal to the 
stent (Fig. 9.17d, e). There is a patent stent in the 
mid-circumflex (Fig. 9.17b).

9.17.3  Diagnosis

High-grade restenosis in the D1 stent that extends 
into the LAD. High-grade obstruction just distal 
to the RCA stent.

9.17.4  Discussion

The case demonstrates restenosis in a stent within 
a branch of the LAD. Unfortunately, the stent is 
placed incorrectly and is also affecting the flow in 
the LAD.

The patient was recommended to have surgi-
cal revascularization, but opted for additional 
intervention and subsequently sustained a mas-
sive myocardial infarction and became a cardiac 
cripple awaiting a heart transplant.

9.17.5  Pearls and Pitfalls

This case shows how a misplaced stent can 
adversely affect two vascular territories.
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a b

c d

e

Fig. 9.17 (a) cMPR of LAD (b) Left coronary angiogram without contrast (c) Left coronary angiogram with early 
filling (d) cMPR of RCA (e) Right coronary angiogram
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Cardiac CTA in the Evaluation 
of CABG

Claudio Smuclovisky

10.1  Introduction

The purpose of surgical revascularization of the 
coronary arteries is to bypass an obstruction in an 
artery using a native artery or vein conduit as a 
graft. CTA has been demonstrated to be of sig-
nificant value in the evaluation of coronary revas-
cularization. Grafts are generally easier to 
evaluate than the native coronary arteries since 
they are less sensitive to temporal resolution- 
related motion artifacts. The exceptions are the 
distal anastomosis that is in the epicardium and 
areas where there are surgical clip artifacts 
present.

The most common surgical technique used 
is a median sternotomy. In recent years, tech-
niques using a mini-thoracotomy (keyhole sur-
gery) and robotic-assisted surgery are currently 

performed in a limited number of centers. 
There is also debate whether the use of coro-
nary artery bypass grafting (CABG) without 
the use of cardiopulmonary bypass and cardio-
plegia (off-pump CABG) is superior to that 
performed with the heart–lung machine and 
the heart chemically arrested (standard CABG). 
If the surgery is performed on pump, there will 
be one or two cannulation sites in the ascend-
ing aorta that may have been closed with small 
and usually rectangular- shaped appearing 
patches (pledgets). These are not to be con-
fused with an occluded graft (stump). The dif-
ferentiation on CTA is by the visualization of a 
square patch on the ascending aorta that has a 
discrete wall separation (Fig. 10.1a, b) that 
does not communicate with the lumen of the 
ascending aorta.
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Fig. 10.1 (a, b) Surgical cannulation repair pledget 
(arrows). Not to be confused with an occluded graft stump. 
(c) Graft proximal, body, and distal anastomosis (arrows). 
(d) Advanced disease in the LAD proximal to the graft 
anastomosis (arrow). (e) Normal anatomic location of the 

internal mammary arteries (arrows). (f) Normal caliber of 
the RIMA and LIMA grafts (arrows). (g) Metal surgical 
clip artifact on the LIMA graft (arrows). (h, i) Vein grafts 
(arrows). (j) LAD distribution not grafted due to lack of 
viable myocardium. Post-LV aneurismectomy (arrows)
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The choice of surgical technique depends on 
the patient’s coronary anatomy and the experi-
ence and training of the surgeon. It is important 
to note that the only main coronary arteries that 
are not directly grafted are the left main (LM) 
and the proximal circumflex (LCX) because they 
are surgically inaccessible.

The graft consists of either an arterial or 
venous conduit. It is described by its three impor-
tant segments that are the proximal anastomosis, 
the body of the graft, and the distal anastomosis 
(Fig. 10.1c).

In the CTA evaluation of the graft, it is impor-
tant to carefully evaluate and comment on these 
three segments and also whether or not there is 
disease in the distal native coronary artery runoff. 
A graft that is without a flow-limiting stenosis is 
referred to as a patent graft. The native coronary 
artery proximal to the distal anastomosis usually 
has severe disease with high-grade obstruction or 
occlusion (Fig. 10.1d).

10.1.1  Arterial Grafts

The most common arterial grafts used are the 
internal mammary arteries (IMA). These origi-
nate from the subclavian arteries, are located 
bilaterally, and run parallel to the lateral aspect of 
the sternum in the chest wall (Fig. 10.1e). The 
most common technique is to dissect the artery 
from the chest wall and suture the distal end to a 
coronary artery. The IMA branches are occluded 
with surgical clips to avoid bleeding and com-
petitive arterial flow to the chest wall. These clips 
also serve as a visual landmark as to the location 

and course of the graft. The left internal mam-
mary artery is commonly referred to as a LIMA, 
and the right as a RIMA. Typically, an arterial 
graft has a single distal anastomosis; however, it 
may be used to bypass more than one artery and 
is then referred to as a sequential graft. An exam-
ple of this would be having a sequential LIMA 
bypassed to a diagonal (DX) and then to the dis-
tal left anterior descending (LAD).

A LIMA graft to the LAD is the preferred 
bypass as it has superior patency rates. The 
patency rate at 10+ years is 95% versus 50–60% 
for a vein graft. Because of this, the LIMA is usu-
ally grafted to the mid- or distal LAD, or less fre-
quently, to a diagonal. The RIMA is usually 
grafted to the right coronary (RCA) distribution, 
as a free or in situ conduit, or to an obtuse mar-
ginal artery (OM). When an arterial graft is dis-
eased, it becomes diffusely smaller in caliber and 
is referred to as atretic. In the evaluation of an 
IMA, it should have a similar caliber to the con-
tralateral nongrafted artery that is considered 
normal (Fig. 10.1f). It may also be larger in cali-
ber and then is referred to as a hypertrophied 
arterial graft.

If the graft is occluded, the only clues on the 
CTA are the visualization of vascular clips in the 
course of the artery and the lack of visualization 
of the IMA in the chest wall.

The most important segment for evaluation is 
the distal anastomosis, which is the most common 
location of stenosis. Surgical clips along the body 
of an arterial graft may cause metal artifacts on a 
CTA (Fig. 10.1g). It is, however, rare to find a ste-
notic segment from a surgical clip, and I have not 
personally encountered it, despite evaluating 

10 Cardiac CTA in the Evaluation of CABG



274

thousands of grafts. Consequently, I will report 
the graft as being patent if the proximal and distal 
anastomoses appear normal despite surgical clip 
artifacts in the body of an arterial graft.

A free graft is an arterial graft that is com-
pletely removed from the chest wall and then sur-
gically grafted proximally and distally. Other 
commonly used arterial grafts are the radial arter-
ies. A surgical arterial Y graft configuration 
occurs when a free graft has its proximal anasto-
mosis off another bypass graft. A less commonly 
used arterial conduit is the gastroepiploic artery, 
which is freed from the stomach and brought 
through the diaphragm to be grafted in situ to an 
inferior coronary artery.

10.1.2  Vein Grafts

Saphenous veins are commonly used as grafts 
(Fig. 10.1h, i). These are usually grafted from the 
ascending aorta distally to the coronary arteries. 
A sequential, or jump, graft is a single conduit 
used to bypass more than one coronary artery. 
Vein grafts are placed reversed because of the 
venous valves.

When there are multiple proximal anastomo-
ses from the ascending aorta, they are distributed 
in a cranial–caudal sequence as follows: the 
superior grafts to the territory of the left circum-
flex, followed by the LAD-diagonal distribution 
and the inferior graft, from the right of midline, 
to the territory of the right coronary artery. 
Rarely, a vein is grafted from the descending 

aorta via a left lateral thoracotomy. Vein grafts 
may also be placed in a Y configuration from the 
surgical anastomosis of two veins, or rarely, 
using a natural Y (vein branch). These appear as 
a single proximal to one or more distal limbs. A 
clinical review of the grafts consists of the evalu-
ation of the proximal anastomosis, the body of 
the graft, the distal anastomosis, and native coro-
nary artery runoff.

Over time, the veins develop arterialized dis-
ease with calcifications and soft tissue plaques in 
the walls that could lead to flow-limiting stenosis 
and occlusion. These are commonly treated with 
percutaneous coronary interventions (stenting). 
Grafts may also have stenoses secondary to sur-
gical complications during harvest, suture dis-
ruption with development of a pseudoaneurysm, 
technical errors during placement, dissection of 
the aorta, and so forth.

10.1.3  Technical Considerations

In order to completely evaluate the grafts, the cra-
nial field-of-view needs to be extended to the top of 
the arch for grafts originating from the aorta and to 
the subclavian arteries for evaluation of the ostium 
of the internal mammary arteries, if they were used. 
IV contrast is injected in the right antecubital fossa 
at a volume of 100 mL of high- density contrast 
between 320 and 400 mg/mL. Scan triggering in 
our laboratory is set with the placement of a region 
of interest (ROI) in the descending aorta at 130 HU 
with a scan delay of 4–6 s.
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10.1.4  Clinical CTA Review 
of Postsurgical Coronary 
Revascularization

The CTA review of the surgical revascularized 
heart consists of evaluation of the native coronary 
anatomy, the grafts, and the extracoronary struc-
tures. The CTA is reviewed on a workstation mul-
tiplanar (MPR), curved MPR (MPRc), and 3D 
volume rendered. A typical approach is com-
mencing with a review of the extracoronary struc-
tures followed by the native coronary anatomy. 
The purpose of reviewing the native coronary 
arteries first is to understand which arteries are 
diseased and deserve a bypass. It helps to men-
tally calculate how many grafts are expected and 
then proceed to look for them. This systematic 
approach allows formulation of conclusions that 
make anatomic sense and are clinically relevant. 
As an example, in a patient with an intact left ven-
tricle, right dominant anatomy where the left main 
coronary artery and RCA have high- grade 
obstruction, one would expect to encounter a min-
imum of three grafts. In a similar case but with an 
old large myocardial infarct in the territory of the 
LAD, there may be only two grafts present, since 
the infarcted myocardium may not have required 
revascularization. Thus, a minimum of two grafts 
would be expected (Fig. 10.1j).

Unfortunately, many times it is not this simple 
since the surgical technique may have variables 
such as adequate native distal coronary artery tar-
gets, coronary anatomic variants, diseased aorta, 
combined percutaneous coronary intervention, 

and previous surgery. Regardless, it is important 
to attempt to understand anatomically how the 
myocardium is receiving blood flow, whether it is 
compromised, correlates with the other noninva-
sive testing, and the patient symptoms.

The native coronary artery proximal to a pat-
ent graft is commonly irrelevant since the graft 
has taken its place in supplying the distal flow. 
Also, the proximal native segments typically 
develop accelerated disease and commonly have 
a heavily calcified and atretic appearance. The 
grafts are reported individually as to their origin, 
targeted coronary artery, and whether they are 
patent or diseased. The description of graft steno-
sis may be quantified by a percentage or degree 
of obstruction.

Disease in the wall of the graft that does not 
cause obstruction may be termed nonobstructive. 
High-grade obstruction refers to greater than 
70% stenosis. Moderate obstruction refers to 
50–70% stenosis and mild obstruction less than 
50% stenosis. It is also important to report 
whether disease is present in the distal anastomo-
sis and distal coronary artery runoff.

Grafts are counted by the number of distal 
anastomosis. As an example, a LIMA to the dis-
tal LAD is considered a CABG ×1. A sequential 
LIMA to the second diagonal and distal LAD is 
considered a CABG ×2. Adding a sequential vein 
graft to three obtuse marginal branches would 
add to CABG ×5 although there are only two sur-
gical vascular conduits.

Both the terms, SVG and VG, are used to refer 
to the saphenous vein graft.
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10.2  Case 1

10.2.1  History

A 78-year-old, asymptomatic male with a history 
of questionable ischemia in the anterior wall on a 
nuclear perfusion scintigram presented, with sta-
tus post prior coronary artery bypass graft 
(CABG) ×3, 5 years previously.

10.2.2  Findings

There is a patent left internal mammary artery 
(LIMA) graft to the distal LAD. There are also 
two patent vein grafts to the second obtuse mar-
ginal (SVG–OM2) and to the posterior descend-
ing arteries (SVG–PDA) (Fig. 10.2a–e).

10.2.3  Diagnosis

The diagnosis is multiple patent grafts.

10.2.4  Discussion

CT is an excellent noninvasive study for the eval-
uation of coronary postsurgical revascularization. 
Analysis of the grafts consists of the evaluation 
of the proximal anastomosis, the body of the 
graft, the distal anastomosis, and runoff. The 
grafts generally have an equal luminal diameter 
throughout. It is common for the grafts to have 
adjacent surgical clips that may cause significant 
metal artifact and render a segment of the graft 
nonevaluable. Grafts are evaluated in the axial 
plane (source images), curved reformatted recon-
struction (cMPR), and volume rendered (VR).

10.2.5  Pearls and Pitfalls

A graft cannot be considered patent unless the full 
extent of the graft has been evaluated. An excep-
tion, in our experience, is surgical clip artifacts in 
the body of an internal mammary graft since a dis-
eased internal mammary artery graft is different 
from that of a vein graft. For further information, 
refer to the introduction of this chapter.
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Fig. 10.2 (a, b) Volume rendering: Patent left internal 
mammary artery (LIMA) to the distal LAD, vein graft 
(SVG) to OM2, vein graft to the PDA (arrows). (c) cMPR, 
SVG–OM2, proximal, body, and distal anastomosis 
(arrows). Adjacent metal surgical clips do not cause sig-

nificant artifact. (d) cMPR, patent LIMA to the distal 
LAD. Adjacent metal surgical clips do not cause signifi-
cant artifact. (e) cMPR, patent SVG–PDA. Adjacent 
metal surgical clips do not cause significant artifact
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10.3  Case 2

10.3.1  History

A 77-year-old male presented with a history of 
mitral regurgitation, a chronic inferior wall MI, 
and status post CABG ×4 in the previous 10 years. 
The patient complained of increasing shortness 
of breath. No reversible ischemia was identified 
on the nuclear stress test.

10.3.2  Findings

There is a sequential vein graft (VG) to OM1 and 
OM2. The mid-body of the graft is diseased and 
is subtotally occluded. More distally in the body 
of the graft, there is also high-grade obstruction 
(Fig. 10.3a–c). There is a mildly diseased SVG to 
the posterior descending artery, without flow- 
limiting stenosis (Fig. 10.3d). There is a patent 
LIMA graft to the first diagonal artery 
(Fig. 10.3e). The LAD is short and occluded. 
There is a large chronic transmural myocardial 
infarction involving the inferolateral and poste-
rior walls of the left ventricle. There is also 
chronic ischemic changes of the posterior papil-
lary muscle (Fig. 10.3e).

10.3.3  Diagnosis

The diagnosis is critically diseased sequential 
SVG to obtuse marginal arteries.

10.3.4  Discussion

The CTA clearly demonstrates a subtotally 
occluded SVG to obtuse marginal arteries. The 
patient underwent coronary angiography 
(Fig. 10.3g), with subsequent successful PCI and 
stenting of the subtotally occluded segment and 
also the more distal area of high-grade obstruc-
tion in the graft (Fig. 10.3h). The initial angio-
gram images demonstrated extremely poor flow 
beyond the subtotally occluded graft segment and 
nonvisualization of the first anastomosis. 
Following stenting, there was brisk flow through 
the graft with good visualization of OM1 and the 
distal graft anastomosis (Fig. 10.3i, j).

10.3.5  Pearls and Pitfalls

Although contrast density was not well identified 
on the CTA in the area of critical stenosis in the 
SVG, it was concluded that it was subtotally 
occluded since the rest of the graft opacified. When 
vein grafts thrombose, the most common finding on 
CTA and coronary angiography is a proximal short 
stump in the ascending aorta with no distal flow.

10.4  Case 3

10.4.1  History

A 50-year-old male presented with a history of 
atypical chest pain and CABG in the previous 
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Fig. 10.3 (a) Volume rendering: Subtotal occlusion in 
the mid-body of the VG–OM (arrow). (b, c) cMPR, 
stretch cMPR: SVG–OM, mid-body graft subtotal occlu-
sion (proximal arrow). High-grade obstruction in the graft 
more distally (lower arrow). Proximal to the first stenosis, 
there is calcification in the wall of the graft. (d) cMPR, 
VG–PDA. Minimally diseased SVG to the posterior 
descending artery. The proximal anastomosis has an adja-
cent surgical clip artifact (upper arrow). The mid-body of 
the graft has mild nonobstructive disease (mid-arrow). 
The distal anastomosis is well identified and free of dis-
ease (lower arrow). (e) cMPR, LIMA-D1. Patent internal 

mammary artery graft to the first diagonal artery. Ostium 
of the graft (upper arrow) and distal anastomosis (lower 
arrow). (f) Axial: Chronic transmural inferolateral and 
posterior wall MI, with involvement of the posterior papil-
lary muscle (arrows), causing dysfunction of the mitral 
valve apparatus and mitral regurgitation. (g) Coronary 
angiogram (CA) of the SVG stenosis (arrows). There was 
sluggish flow with very diminished opacification of the 
graft beyond the subtotally occluded segment. (h) CA, 
shortly after stenting demonstrates marked improvement 
of flow in the graft. (i, j) CA, subsequent good opacifica-
tion of OM1 and the distal anastomosis (arrows)
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5 years. The nuclear medicine stress test was 
equivocal.

10.4.2  Findings

There is a surgical Y graft consisting of a patent 
LIMA graft to the distal LAD and a patent radial 
artery graft arising from the LIMA. The radial 
graft is sequential to obtuse marginal arteries 
(Fig. 10.4a–d). The RCA is a dominant artery 
with localized high-grade obstructing calcified 
plaque in the proximal segment (Fig. 10.4e).

10.4.3  Diagnosis

The diagnosis is patent arterial grafts, with high- 
grade obstruction in the proximal RCA.

10.4.4  Discussion

The case demonstrates the sole use of arterial 
grafts and surgically creating a Y anastomosis of 

a radial artery from the left internal mammary. 
The selection of the LIMA to the LAD is pre-
ferred since the 10-year patency rate is greater 
than 95%. The radial arteries are occasionally 
used as grafts and can be surgically grafted from 
the ascending aorta, a vein graft, or, as in this 
case, from the internal mammary artery. Some 
surgeons elect not to perform this type of Y pro-
cedure since it is technically challenging and 
may compromise the mammary artery at the time 
of surgery.

10.4.5  Pearls and Pitfalls

It may be difficult to identify the arterial graft 
anastomosis on the axial view, for which the vol-
ume rendered images can prove helpful. The 
LIMA should not be confused as a single sequen-
tial graft to the LAD and obtuse marginal arteries 
since it does not have the required length.
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Fig. 10.4 (a, b) Volume rendering: Surgical Y graft of 
the left internal mammary artery (LIMA) and a radial 
artery. (c) cMPR: LIMA-radial artery anastomosis (A). 
(d) cMPR: upper arrow: LIMA; middle arrow: radial 
artery anastomosis; lower arrow: distal LIMA–LAD 

anastomosis. (e) cMPR, RCA: High-grade obstruction in 
the proximal RCA by calcified plaque (arrow). (f) 
Angiogram: Surgical arterial Y graft and anastomosis 
(A). (g) Angiogram, RCA: High-grade obstruction in the 
proximal RCA (arrow)
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10.5  Case 4

10.5.1  History

A 72-year-old male presented with a history of 
atypical chest pain and CABG ×2 in the previous 
15 years. The nuclear medicine stress test result 
was negative.

10.5.2  Findings

There is a patent LIMA graft to the distal 
LAD. There is a diffusely diseased SVG (VG–
OM) to the first obtuse marginal artery. The graft 
has three distinct focal areas of high-grade and 
critical obstruction (Fig. 10.5a–d).

10.5.3  Diagnosis

The diagnosis is diffusely diseased vein graft 
(SVG), with high-grade obstruction.

10.5.4  Discussion

The SVG to the obtuse marginal artery has diffuse 
disease in the walls consisting of mixed mostly 
calcified plaque. In the body of the graft, there are 
three distinct areas of high-grade and critical 
obstruction. There was no obstruction in the prox-
imal and distal anastomoses (Fig. 10.5a–c).  
The patient underwent coronary angiography 
with stenting of the stenotic segments of the graft 
(Fig. 10.5e, f) and with good results.

The 10-year patency rate of a vein graft is esti-
mated at 50–60%. These develop disease in the 
wall similar in appearance to that in a native artery 
and eventually may thrombose and occlude. CTA 
may easily demonstrate areas of flow-limiting ste-
nosis which are amenable to stenting.

10.5.5  Pearls and Pitfalls

The vein grafts usually (not always) have similar 
caliber from the proximal to distal anastomosis.

Fig. 10.5 (a–c) Volume rendering, cMPR and stretched 
SVG–OM: Diffusely diseased vein graft with three focal 
areas of high-grade obstruction (arrows). (d) cMPR: 

Patent LIMA–LAD. (e, f) Angiogram: Pre- and post- 
stenting with good results
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10.6  Case 5

10.6.1  History

A 70-year-old male presented with a history of 
atrial fibrillation, prostate CA, shortness of 
breath, previous myocardial infarction  (MI), and 
status post CABG ×3.

10.6.2  Findings

There is a patent sequential LIMA graft to D1 
and the distal LAD. There is a patent but mildly 
atretic RIMA graft to OM1 (Fig. 10.6a–d). There 
is mild enlargement of the left atrium and left 
ventricle. There is a large chronic left ventricular 
transmural anteroseptal and apical myocardial 

Fig. 10.6 (a, b) Volume rendering, cMPR: Patent sequen-
tial LIMA to D1 and to the distal LAD. Left ventricular 
anteroseptal and apical MI (arrows). (c, d) Axial and 
cMPR: Patent mildly atretic RIMA graft to OM1. The 
RIMA courses posterior to the aortic annulus. There is a 

filling defect in the left atrial appendage suggesting a 
thrombus (arrows). (e) Atrial fibrillation. (f) Anteroseptal 
and apical LV myocardial infarct (long arrow). Bilateral 
pleural effusions (PE). Widespread bony blastic metastatic 
disease from known prostate carcinoma (short arrows)
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infarct. There is a filling defect in the left atrial 
appendage that is consistent with a thrombus. 
Additionally, there are large bilateral pleural 
effusions and widespread blastic metastatic dis-
ease to the thoracic spine, rib cage, and sternum 
(Fig. 10.6f).

10.6.3  Diagnosis

The diagnosis is patent internal mammary arte-
rial grafts. Left ventricular failure and wide-
spread bony metastatic disease from prostate 
carcinoma.

10.6.4  Discussion

LIMA jump grafts are usually placed in the 
territory of the LAD. The right internal mam-
mary artery (RIMA) can be grafted to the ter-
ritory of the left circumflex by passing it 
posterior to the aorta (i.e., through the trans-
verse sinus), as in this case. The RIMA is 
placed posterior to the aorta since it is the 
shortest distance to the territory of the circum-
flex and to avoid injury to the artery during a 
reoperation. Since the patient had atrial fibril-
lation (Fig. 10.6e), the study was reconstructed 
in the 40% phase (end-systole) and obtaining 
diagnostic images and segmentation of the 
grafts.

10.6.5  Pearls and Pitfalls

The native position of the internal mammary 
arteries in the chest wall should be inspected. 
The absence of an IMA in the expected loca-
tion is a clue that the artery may have been sur-
gically grafted. Atrial fibrillation is not a 
contraindication for CTA in our laboratory 
since we use an adaptive multicycle recon-
struction algorithm that corrects for beat-to-
beat variability.

10.7  Case 6

10.7.1  History

An 84-year-old male presented with a history of 
atypical chest pain, LV apical ischemia on a 
nuclear stress perfusion scintigram, and status 
post CABG ×4 in the prior 2 years.

10.7.2  Findings

There is a patent LIMA graft to the distal LAD 
and a vein graft (SVG) to the posterior descend-
ing artery. There is a sequential SVG to D1 and 
OM2 that has high-grade obstruction in the prox-
imal segment (Fig. 10.7a–e).

10.7.3  Diagnosis

The diagnosis is high-grade obstruction in the 
proximal segment of an SVG.

10.7.4  Discussion

Over time, vein grafts become diseased and can 
develop obstruction. The unusual finding in this 
case is that the obstruction was present within the 
first 2 years of the surgery. Note that the CTA dem-
onstrates no disease in the wall of the rest of the 
graft, and the area of stenosis has no calcification or 
other disease other than the focal luminal narrow-
ing, which may suggest an operative complication. 
When a vein is harvested for grafting, it is important 
to appropriately handle the graft so as not to cause 
injury that could later develop stenosis. Pressure 
injuries, poorly ligated side branches, and kinking 
or twisting of the vein may cause stenosis. The 
patient underwent coronary angiography, which 
confirmed the findings on CTA and was subse-
quently stented with excellent results (Fig. 10.7f–h).

10.7.5  Pearls and Pitfalls

A perioperative complication should be consid-
ered when a vein graft has focal stenosis without 
disease in the wall, particularly in the first 5 years 
of revascularization.
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Fig. 10.7 (a–c) Volume rendering, cMPR, stretched 
view: High-grade stenosis in the proximal segment of an 
SVG (arrows). Note that the rest of the graft has no dis-
ease. (d, e) cMPR: Patent LIMA graft to distal LAD and 
vein graft to the PDA. There is mild artifact in the body 

and distal anastomosis of the mammary artery. (f, g) 
Coronary angiogram: Confirms the high-grade stenosis in 
the proximal segment of the SVG (arrows). (h) Coronary 
angiogram: Excellent results following stenting of the 
graft (arrow)
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10.8  Case 7

10.8.1  History

A 59-year-old male presented with a history of 
chest pain and status post CABG ×2 in the prior 
10 years and subsequent percutaneous coronary 
intervention (PCI) of a saphenous vein graft 
(SVG).

10.8.2  Findings

There is a patent LIMA graft to the distal LAD 
(not shown) and a proximally occluded SVG to 
the second diagonal artery, which was previously 
stented (Fig. 10.8a, b).

10.8.3  Diagnosis

The diagnosis is occluded SVG to a diagonal 
artery.

10.8.4  Discussion

The CTA demonstrates a proximally occluded 
vein graft from the ascending aorta. There is 

contrast opacification of only the proximal anas-
tomosis, which is referred to as a stump or hood. 
The rest of the graft is thrombosed, which has 
low density throughout and has the appearance 
of a phantom graft (Fig. 10.8b). Other times, the 
occluded segments of the graft become atretic 
and are not visualized.

Diseased vein grafts are commonly intervened 
with balloon angioplasty and placement of stents. 
The initial intervention success is similar among 
native coronary arteries, internal mammary arter-
ies, and SVGs. However, it has been reported that 
the late patency rate after interventions on SVGs 
is significantly lower than that for native coro-
nary arteries.

10.8.5  Pearls and Pitfalls

It is commonly difficult to ascertain the targeted 
native coronary artery of an occluded graft. 
Careful evaluation of the coronary anatomy and 
other grafts present as well as location of surgical 
clips may provide sufficient clues to determine 
where the graft was previously anastomosed.

Fig. 10.8 (a) Volume 
rendering: Proximal 
SVG stump and 
occluded stent in the 
graft (long arrows). 
Surgical cannulation 
sites repair (short 
arrows). (b) cMPR: 
SVG–D2: Proximally 
occluded SVG stump 
(proximal arrow). 
Occluded stent in the 
SVG (mid-arrow). 
Phantom graft (short 
arrows). Native diagonal 
coronary artery (lower 
arrow)
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10.9  Case 8

10.9.1  History

A 70-year-old female presented with a history of 
atypical chest pain and status post CABG ×5 in 
the previous 8 years and status post PCI of a graft 
in the previous 2 years.

10.9.2  Findings

There is a patent sequential vein graft (SVG) to 
the PDA and PLV. There is a patent stent in the 
mid-body of the graft with a surrounding mostly 
thrombosed hematoma. There is also a small 
pseudoaneurysm (Fig. 10.9a–d).

10.9.3  Diagnosis

The diagnosis is patent sequential SVG to the 
PDA and PLV, which contains a patent stent that 
has an adjacent small pseudoaneurysm.

10.9.4  Discussion

The study demonstrates a mostly thrombosed 
hematoma surrounding the mid-body of the 
SVG. There is a small and subtle pseudoaneu-
rysm that was previously undiagnosed. This find-
ing was not considered to be clinically significant, 
and it was decided to perform a follow-up study. 
Pseudoaneurysms can occur as a complication of 
coronary intervention secondary to balloon 
angioplasty or wire perforation.

10.9.5  Pearls and Pitfalls

It is important to evaluate not only the lumen and 
wall of the graft but also the adjacent soft tissues.

Fig. 10.9 (a) Volume 
rendering: SVG 3D 
volume rendered image 
demonstrates a 
hematoma surrounding 
the mid-body of the 
graft (arrow). (b–d) 
Axial and cMPR: SVG: 
Extra-luminal chronic 
hematoma surrounding a 
stent in the mid-body of 
the graft (short arrows) 
with a small 
pseudoaneurysm (long 
arrows)
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10.10  Case 9

10.10.1  History

A 71-year-old male presented with a history of 
recurrent right pleural effusion and status post 
CABG ×4 in the previous 12 months, with a 
stormy postoperative course.

10.10.2  Findings

There is a retrosternal collection that has contrast 
density. There is a right pleural effusion with 
compressive atelectasis of the right lower lobe 
(Fig. 10.10a). There is contrast leaking into the 
anterior mediastinal collection (Fig. 10.10b, c) 
from a patent sequential surgical Y saphenous 
vein graft (SVG) to a diagonal and an obtuse 
marginal artery. The other SVG limb to the RCA 
is occluded. There is a patent LIMA graft to the 
distal LAD (not shown).

10.10.3  Diagnosis

The diagnosis is pseudoaneurysm from a leak at 
a surgical Y vein graft anastomosis.

10.10.4  Discussion

The anterior mediastinal collection has contrast 
density thus indicating a pseudoaneurysm. 
Figure 10.10b, c demonstrates a tiny leak from 
the patent SVG limb that has a distal anastomosis 
to an obtuse marginal artery. It is uncertain 
whether the pseudoaneurysm is causing the 
recurrent right pleural effusion. Without a 
detailed surgical history, it would not have been 
possible to determine that there was a leak at a 
surgical Y anastomosis and with an occluded 
SVG limb to the RCA. It may only have been 
suspected since there was a chronic total occlu-
sion of the RCA without visualization of a graft 
or occluded stump in the aorta.

10.10.5  Pearls and Pitfalls

The most common cause of a pseudoaneurysm 
originating from a graft is technical or break-
down of the suture anastomosis.

Fig. 10.10 (a) Axial. Hyperdense collection containing 
contrast in the anterior mediastinum representing a pseu-
doaneurysm (long arrow). Right pleural effusion with 
right lower lobe compressive atelectasis (short arrows). 

(b, c) cMPR and oblique sagittal MPR: SVG: Contrast 
leaking from the graft into the pseudoaneurysm is demon-
strated (arrows)
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10.11  Case 10

10.11.1  History

A 71-year-old male presented with a history of 
new onset of exertional chest pain and stenting of 
a saphenous vein graft (SVG) in the previous 
3 months. His status was post CABG ×4 in the 
previous 15 years.

10.11.2  Findings

There is a stent with high-grade restenosis in the 
proximal segment of an SVG to the second obtuse 
marginal artery. The graft has diffuse disease and 
also high-grade obstruction just beyond the stent 
and in the distal anastomosis (Fig. 10.11a–c). There 
was a patent sequential LIMA graft to the distal 
LAD and an occluded SVG to the RCA (not shown).

Fig. 10.11 (a–c) cMPR and stretched, SVG. High-grade 
restenosis in a stent in the proximal SVG (upper arrow) 
and also high-grade obstruction just distal to the stent. 
There is a high-grade obstruction in the distal anastomosis 

(lower arrow). (d, e) Coronary angiogram. Proximal and 
distal SVG high-grade obstruction (arrows). (f) Coronary 
angiogram. Successful intervention
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10.11.3  Diagnosis

The diagnosis is diffusely diseased SVG contain-
ing a proximal stent with restenosis and also dis-
tal anastomosis high-grade obstruction.

10.11.4  Discussion

The patient underwent coronary angiography 
with successful re-stenting of the proximal seg-
ment of the graft and balloon angioplasty of the 
distal anastomosis (Fig. 10.11d–f). The chest 
pain resolved.

10.11.5  Pearls and Pitfalls

Although there was no visible contrast density in 
the lumen of the stent on the CTA, the visualiza-
tion of the rest of the graft indicates that the SVG 
was not occluded.

10.12  Case 11

10.12.1  History

An 81-year-old female presented with a history of 
atypical chest pain and status post CABG ×2 and 
LV aneurysmectomy in the previous 12 months.

10.12.2  Findings

There are surgical SVG Y grafts from the ascend-
ing aorta to the LAD and to the territory of the 
left circumflex. The proximal segment of the 
graft is occluded. The rest of the grafts have no 
disease and retrograde flow (Fig. 10.12a–c).

10.12.3  Diagnosis

The diagnosis is proximal occlusion of an SVG Y 
grafts and status post LV aneurysmectomy.
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10.12.4  Discussion

The CTA clearly demonstrates an occlusion in 
the proximal segment of the Y graft from the 
ascending aorta, which has a stump in the proxi-
mal anastomosis (Fig. 10.12a). Note that other-
wise the grafts have no disease and would 
suggest that the proximal occlusion is likely 
related to a surgical complication (Fig. 10.12d–e). 
Coronary angiography was not performed since 
the patient was stable. Although the direction of 
flow cannot be determined with CTA, since there 
was nonobstructing calcified plaque in the left 
circumflex (Fig. 10.12d) and severe obstruction 

of the proximal LAD (Fig. 10.12e), it was pre-
sumed that the retrograde flow was likely from 
the left circumflex limb to the LAD. Note the 
postsurgical aneurysmectomy changes in the left 
ventricle. When a ventricular aneurysm is 
resected, felt strips (large pledgets) are com-
monly used to suture the myocardium.

10.12.5  Pearls and Pitfalls

Grafts that are anastomosed to the aorta cannot 
be presumed to be patent unless they are visual-
ized in their entirety.

Fig. 10.12 (a) Volume 
rendering. Upper arrows 
demonstrating proximal 
occlusion of a surgical 
SVG Y graft and a 
stump in the ascending 
aorta. Postsurgical 
changes from an 
aneurysmectomy (lower 
arrow). (b) Axial. 
Proximal graft occlusion 
(arrow). (c) 
cMPR. Proximal 
occlusion (short arrow). 
Otherwise, the limbs of 
the grafts are open 
(double arrows). The 
limb in the upper picture 
is to the territory of the 
left circumflex. The limb 
in the lower picture is to 
the LAD. (d) cMPR 
LCX. Scattered 
nonobstructive calcified 
plaque in the left 
circumflex. Graft 
anastomosis (arrow). (e) 
cMPR LAD. Severe 
obstruction in the 
proximal LAD and SVG 
anastomosis (arrows)
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10.13  Case 12

10.13.1  History

A 65-year-old male presented with a history of 
multiple prior myocardial infarctions over many 
years. His status post CABG in the previous 
30 years and repeat CABG ×1 in the previous 
3 years.

10.13.2  Findings

There is a diffusely diseased but otherwise patent 
saphenous vein graft (SVG) to the LAD. There is 
a patent SVG to the territory of the left circum-
flex that was proximally grafted to the descend-
ing aorta. There are multiple chronic left 
ventricular myocardial infarcts and a thrombus in 
the left ventricle apex (Fig. 10.13a–e).

10.13.3  Diagnosis

The diagnosis is patent SVG proximally grafted 
to the descending aorta.

10.13.4  Discussion

Saphenous veins are most commonly grafted to 
the ascending aorta. Rarely, as in this case, are 
these proximally grafted to the descending aorta 
(Fig. 10.13b–d). The most common surgical 
approach to anastomosing a graft to the descend-
ing aorta is via a left thoracotomy approach. This 
surgical technique is occasionally used in repeat 
cardiac surgical revascularization to the left cir-
cumflex territory without having to perform 
another median sternotomy. The patient had 
extensive previous myocardial infarcts involving 
the territory of the LAD and left circumflex, 
which was dominant. There was also a small 
thrombus in the LV apex (Fig. 10.13e).

10.13.5  Pearls and Pitfalls

Since a full surgical history at the time of inter-
pretation of a CTA might not always be available, 
it is therefore important to examine carefully the 
native coronary anatomy and the entire thoracic 
aorta in order not to exclude reporting additional 
grafts.
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Fig. 10.13 (a) cMPR 
SVG. SVG to the LAD 
has diffuse disease but is 
patent (upper arrow). 
Extensive anterior and 
apical chronic 
myocardial infarct 
(middle arrow). 
Thrombus in the LV 
apex (lower arrow). (b, 
c) cMPR and volume 
rendering. SVG 
proximally grafted to the 
descending aorta and 
distally to an obtuse 
marginal artery. (d) 
Axial. Proximal 
anastomosis of the SVG 
from the descending 
aorta (arrow). (e) 
Sagittal MPR 
LV. Extensive chronic 
myocardial infarcts and 
thrombus in the left 
ventricle apex. (Case 
courtesy of Dr. William 
Bugni, Tampa, FL)
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10.14  Case 13

10.14.1  History

A 74-year-old male presented with a history of 
shortness of breath and chronic ischemic cardio-
myopathy and status post CABG ×4 in the previ-
ous 10 years.

10.14.2  Findings

Coronary circulation is right dominant. There is a 
patent LIMA to the distal LAD and a saphenous 
vein graft (SVG) to D2. There is also a patent 
SVG to the PDA and with distal runoff chronic 
total occlusion. There is a stump in the ascending 
aorta from an occluded SVG to the territory of 
the left circumflex (Fig. 10.14a–d).

10.14.3  Diagnosis

There are three patent grafts and one occluded 
graft. The SVG to the PDA has chronic total 
occlusion of the distal runoff.

10.14.4  Discussion

In the evaluation of grafts, it is important to eval-
uate and comment on the proximal anastomosis, 
body of the graft, distal anastomosis, and runoff. 
Although the SVG to the PDA is patent, the tar-
geted artery is occluded just beyond the anasto-
mosis, with retrograde flow into the proximal 
PDA (Fig. 10.14b–d).

10.14.5  Pearls and Pitfalls

The grafting of coronary targets that are diseased 
beyond the anastomosis has a significant worse 
patency rate than nondiseased arteries.
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Fig. 10.14 (a) Volume 
rendering. Multiple 
patent grafts (long 
arrows). Stump in the 
ascending aorta from an 
occluded SVG in the left 
circumflex (short 
arrow). Chronic left 
ventricular infarct 
(double arrow). (b–d) 
Volume rendering, 
cMPR, stretched. 
Occluded PDA beyond 
the distal anastomosis 
(arrows). There is 
retrograde flow into the 
proximal PDA (c, short 
arrow)
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10.15  Case 14

10.15.1  History

An 86-year-old male presented with a history of 
an inferior wall fixed defect on a nuclear perfu-
sion scintigram and status post two times CABG 
in the previous 30 and 12 years.

10.15.2  Findings

There is a patent LIMA to the distal LAD and a 
patent RIMA to the distal RCA. There is a patent 
sequential right gastroepiploic artery conduit 
(GEA) to circumflex branches. There were 
chronic occluded SVGs in the ascending aorta 
from the first CABG (Fig. 10.15a–e).

10.15.3  Diagnosis

Repeat CABG demonstrates patent internal 
mammary arteries and a GEA.

10.15.4  Discussion

The internal mammary arteries are commonly 
used for direct coronary revascularization; it 

may not be possible to reach the posterior sur-
face of the heart with the internal mammary as 
either a pedicle or a free graft. The right GEA, 
which was first implanted as a direct bypass 
graft in 1974 by Edwards, is occasionally used 
as a graft to the distal right coronary artery, the 
posterior descending artery and as in this case, 
to the distal circumflex branches [1, 2]. This is 
a technically difficult operation to perform 
that has not become a popular bypass graft but 
has a high likelihood of good long-term 
patency when used in the proper situation, and 
in some patients represents a significant 
advantage over vein grafts. Harvesting of the 
GEA necessitates an abdominal extension of 
the sternal incision, which may cause addi-
tional postoperative pain and may be a poten-
tial site for herniation and/or adhesion 
formation. Additional possible complications 
include postoperative ileus, pancreatitis, and 
intra-abdominal hemorrhage. In addition, 
there was an old inferior wall MI (not shown) 
that accounted for the abnormality reported on 
the nuclear study.

10.15.5  Pearls and Pitfalls

It is important to look below the diaphragm in 
order to confirm that a GEA was harvested.
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Fig. 10.15 (a–d) Axial, oblique maximum intensity pro-
jection, cMPR, and volume rendering. Sequential GEA to 
circumflex branches (arrows). (e) Axial. IMAs and one of 

the stumps in the ascending aorta from an occluded SVG 
from previous revascularization (arrows)
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10.16  Case 15

10.16.1  History

An 84-year-old asymptomatic male presented 
with a history of an ascending aortic aneurysm 
and CABG in the previous 15 years.

10.16.2  Findings

There is an ascending aortic aneurysm measuring 
maximally 6.8 cm, containing a localized dissec-
tion in the right lateral wall. There is a patent 
saphenous vein graft (SVG) with a limb to the 
distal and sequential to circumflex branches. 
There is occluded LIMA to the first diagonal and 
also an occluded SVG to the distal RCA. In addi-
tion, there was mild mediastinal adenopathy and 
a new 4.5-cm peripheral spiculated soft tissue 
mass in the right upper lobe (Fig. 10.16a–d).

10.16.3  Diagnosis

The diagnosis was large aneurysm of the ascend-
ing aorta with a localized dissection; occluded 
SVG to the distal RCA and LIMA to the first diag-
onal; patent vein grafts to the LAD and circumflex 
branches; and new onset of mild mediastinal ade-
nopathy and a peripheral mass in the right upper 
lobe, which was biopsy-proven sarcoidosis.

10.16.4  Discussion

Aortic dissection can be caused by cardiac 
surgery, including aortic and mitral valve 
replacements, CABG surgery, or percutaneous 
catheter placement (e.g., during cardiac cath-
eterization and percutaneous coronary inter-
vention). Aortic dissection occurs when the 
layers are split in the process of cannulation or 
aortotomy.

Since the proximal anastomosis of the SVG 
to the RCA could not be identified, it is reason-
able to assume that the dissection in this case 
may be secondary to the previous aortotomy 
site. A CT scan of the chest in the previous 
12 months did not demonstrate any abnormal-
ity in the area of the current mass or adenopa-
thy. Although the mass had a CT appearance 
consistent with a primary carcinoma, it would 
be most unusual for a neoplasm to have grown 
from undetectable to 4.5 cm in 1 year. The 
CT-guided or biopsy confirmed the diagnosis 
of sarcoidosis.

10.16.5  Pearls and Pitfalls

It is important to inspect an ascending aortic 
aneurysm for the presence of dissection and also 
the entire field-of-view for additional extracar-
diac abnormalities.
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Fig. 10.16 (a) Axial. 
Localized dissection in 
the right lateral wall of 
an ascending aortic 
aneurysm (long arrow). 
Occluded LIMA graft 
(short arrow). (b) 
Volume rendering. 
Patent SVG with two 
surgical limbs to the 
LAD and circumflex 
branches (arrows). (c, d) 
Sarcoidosis. Axial 
mediastinal and lung 
windows. Peripheral soft 
tissue mass in the right 
upper lobe (long arrow). 
Mild mediastinal 
adenopathy (short 
arrows)
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10.17  Case 16

10.17.1  History

A 75-year-old male presented with a history of 
chronic ischemic heart disease and three prior 
coronary revascularizations, first in the 1960s 
and the last in the previous 18 years.

10.17.2  Findings

A large low-density ovoid mass is seen anterolat-
erally in the mediastinum with adjacent metal 
artifact that extends into a stump in the ascending 
aorta (Fig. 10.17a). There is a dissection in the 
pulmonary artery trunk (Fig. 10.17b, c). There 
are three stumps in the ascending aorta from old 
occluded grafts (Fig. 10.17d). There are chronic 
total occlusions of the LAD, left circumflex, and 
RCA (not shown). There is a sequential LIMA 
graft to the distal LAD, which has extensive sur-
gical clip artifact. The distal anastomosis con-
tains a stent that could not be adequately evaluated 
(Fig. 10.17e). There is a saphenous vein graft 
with a proximal anastomosis to the descending 
aorta and distally to circumflex branches 
(Fig. 10.17f, g). The graft appears to be patent but 
could not be adequately assessed due to surgical 
clip artifacts. The RIMA is atretic and distally 
has been surgically tunneled into the free wall of 
the right ventricle (Fig. 10.17h–k). There are 
extensive chronic infarcts in the left ventricle 
(Fig. 10.17l) and COPD (Fig. 10.17m).

10.17.3  Diagnosis

 1. Status post embolization with coils of an SVG 
pseudoaneurysm

 2. Chronic dissection of the main pulmonary 
artery trunk, with COPD and chronic pulmo-
nary arterial hypertension

 3. Multiple occluded grafts in the ascending 
aorta

 4. Sequential LIMA graft to the distal LAD and 
SVG from the ascending aorta to circumflex 
branches

 5. Previous Vineberg’s procedure
 6. Multiple chronic infarcts in the left ventricle

10.17.4  Discussion

This complicated case demonstrates findings 
related to multiple prior cardiac surgical revascu-
larizations and intervention over a period of four 
decades. Due to the length of time, the surgical 
history was incomplete but the findings on the 
CTA are compelling and worthwhile to review.

The patient had unstable angina and under-
went a Vineberg’s procedure in the 1960s. Arthur 
M. Vineberg (Canadian thoracic surgeon) devel-
oped the procedure of direct implantation of the 
internal mammary artery into the ventricles for 
relief of myocardial ischemia. Although the pro-
cedure had merit, it never received broad accep-
tance from the medical and surgical communities. 
The procedure consisted of dissecting the IMA 
free from the chest wall and tunneled into the 
superficial myocardium. He founded this proce-
dure on the belief that the myocardium contains 
relatively large venous sinusoids that could 
absorb the flow from the bleeding mammary ves-
sels and consequently improve myocardial perfu-
sion. Thousands of patients underwent this 
procedure and although it had mixed results, it 
was considered at that time to be the best avail-
able alternative and benefited many patients. In 
this procedure, primarily the left internal mam-
mary was tunneled into the left ventricular wall. 
RIMAs to the right free ventricular wall were 
also performed. It was unknown whether in this 
case the LIMA was previously implanted and 
then removed from the left ventricle and reused 
as a sequential graft.
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Fig. 10.17 (a) Axial and coronal: Proximal occlusion of an 
SVG (long arrow). Embolization coil (short arrow). 
Thrombosed pseudoaneurysm (arrow heads). (b, c) Axial and 
coronal. Chronic main pulmonary artery dissection (arrows). 
(d) Volume rendering. Stumps from occluded grafts in the 
ascending aorta (triple arrow). Thrombosed pseudoaneurysm 
(single arrow). (e) cMPR. LIMA–LAD. Extensive surgical 

clip artifact and distal stent not adequately visualized (lower 
arrow). (f, g) SFVG from the ascending aorta to circumflex 
branches (arrows). (h–k) Axial and cMPR. Atretic RIMA 
tunneled into the free wall of the right ventricle: Vineberg’s 
procedure in the 1960s (arrows). (l) Sagittal oblique. Multiple 
chronic LV infarcts (arrows). (m) Axial lung window. 
Advanced COPD

The patient continued to have unstable angina 
and was subsequently reoperated with grafting of 
multiple saphenous vein conduits. One of the 
grafts developed a pseudoaneurysm that was sub-
sequently embolized successfully with percuta-
neous intervention and placement of coils. 
Remarkably, the pulmonary artery dissection was 
known to the patient for more than 20 years. 
Pulmonary arterial dissection is usually a lethal 
complication of congenital (e.g., Eisenmenger’s 
syndrome) or acquired chronic pulmonary hyper-
tension. The condition usually manifests as car-
diogenic shock, sudden death, and is typically 
diagnosed postmortem. There are isolated 
reported cases of patient’s surviving pulmonary 
artery dissection, as in this case.

Pseudoaneurysms occurring as a complication 
from surgical revascularization are well  documented 
in the literature and most commonly occur as a 
result of suture breakdown in the area of anastomo-
sis. Prior to the availability of covered stents, percu-
taneous embolization with coils or a reoperation 
was usually necessary.

10.17.5  Pearls and Pitfalls

Complex anatomy requires a patient well- 
organized step-by-step approach to completely 
and accurately assess the study. And brace your-
self for having to spend a long time in front of the 
workstation.
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Fig. 10.17 (continued)
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10.18  Case 17

10.18.1  History

A 78-year-old female presented with a history of 
an inconclusive nuclear perfusion scintigram and 
CABG in the previous 15 years.

10.18.2  Findings

There is dextrocardia with situs inversus 
(Fig. 10.18a). There is a patent RIMA graft to the 
LAD and a saphenous vein graft (SVG) to the 
ramus intermedius. The circumflex is small cali-
ber and was not grafted. There is an occluded 
SVG to the distal RCA (Fig. 10.18b–d). The 
native RCA is dominant and has scattered calci-
fied nonobstructing plaques (Fig. 10.18e).

10.18.3  Diagnosis

The diagnosis is situs inversus with dextrocardia. 
The status was post CABG, with a patent RIMA 
to the LAD and SVG to the ramus intermedius 
artery. There is an occluded SVG to the RCA 
likely from competitive flow from a patent native 
RCA.

10.18.4  Discussion

Situs describes the position of the cardiac atria 
and viscera. The prevalence of situs inversus is 

estimated at 0.01% of the population. Situs solitus 
is the normal position, and situs inversus is the 
mirror image of situs solitus. Cardiac situs is 
determined by the atrial location. In situs inver-
sus, the morphologic right atrium is on the left, 
and the morphologic left atrium is on the right. 
The normal pulmonary anatomy is also reversed 
so that the left lung has three lobes and the right 
lung has two lobes. In addition, the liver and gall-
bladder are located on the left, whereas the spleen 
and stomach are located on the right. The remain-
ing internal structures are also a mirror image of 
the normal. Situs inversus totalis is associated 
20% of the time with primary ciliary dyskinesia 
and known as Kartagener’s syndrome (not in this 
case). Kartagener’s syndrome consists of the 
triad: bronchiectasis, sinusitis, and situs inversus.

Because of the dextrocardia, the RIMA was 
used, instead of the LIMA, to bypass the left 
anterior descending coronary artery. Typically, 
after a coronary artery is grafted, there is acceler-
ated development of disease proximal to the 
anastomosis in the native coronary. If the grafted 
native artery remains patent, competitive flow 
may cause the graft to fail and occlude early.

10.18.5  Pearls and Pitfalls

The recognition of situs inversus is important for 
preventing surgical mishaps that result from the 
failure to recognize reversed anatomy. 
Competitive flow between a native coronary 
artery and a graft may cause an early occlusion of 
the graft.
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Fig. 10.18 (a) Dextrocardia with situs inversus. (b) 
Volume rendering. Dextrocardia and post CABG. (c, d) 
cMPR. Patent RIMA to the LAD and SVG to the ramus 
intermedius. (e) cMPR. Calcified nonobstructing calci-

fied plaques in the proximal to mid-large dominant RCA. 
(f–h) Coronary angiogram of the patent RIMA to the 
LAD, SVG to the ramus intermedius, and widely open 
native RCA
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10.19  Case 18

10.19.1  History

A 75-year-old male presented with atypical chest 
pain.

10.19.2  Findings

There is a severe obstructing proximal mid LAD dis-
ease. There is a patent LIMA graft to the mid LAD 
performed with minimally invasive direct coronary 
artery bypass surgery (MIDCAB) (Fig. 10.19a–c).

c

ba

Fig. 10.19 (a) Maximum Intensity Projection (MIP) (b) curved reformatted reconstruction (cMPR), (c) volume 
rendered (VR)
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10.19.3  Diagnosis

Patent MIDCAB to the LAD.

10.19.4  Discussion

MIDCAB is a surgical option that is a less invasive 
method than a traditional open medial sternotomy 
CABG and also known as “keyhole surgery.” The 
sternum is spared and the surgery can be performed 
through a 4–6 cm fifth intercostal thoracotomy. The 
surgery is performed “off- pump.” Although, all 
myocardial territories can be accessed, MIDCAB 
surgery is often reserved for single or double 
obstructing left coronary tree disease. In general, a 
single pedicle LIMA graft is used to anastomose 
one or more branches of the LAD.

10.19.5  Pearls and Pitfalls

Clues that a MIDCAB has been performed is lack 
of sternotomy wire sutures and a small left para-
sternal surgical defect in the chest wall. Follow 
the course of the LIMA to assess the surgical 
anastomosis.
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11.1  Introduction

Coronary computed tomographic angiography 
(CCTA) is a powerful, noninvasive tool to evalu-
ate coronary anatomy, plaque, and areas of steno-
sis in the coronary arteries. Technological 
advancements have now given CCTA diagnostic 
capabilities that approach those of invasive coro-
nary angiography, which remains the gold stan-
dard for coronary artery imaging. CCTA is often 
used in an outpatient setting to evaluate for coro-
nary artery disease as well as graft patency fol-
lowing coronary artery bypass. Recent studies 
have shown that CCTA can effectively rule out 
acute coronary syndrome in low to intermediate- 
risk patients, who present with suspicious chest 
pain. The use of CCTA is on the rise, and it is 
important to recognize its diagnostic capabilities 
not only related to the coronary arteries and heart, 
but also with respect to extracardiac structures.

To visualize each of the coronary vessels on 
CCTA, z-axis coverage must extend from the 
upper mediastinum to the upper abdomen. 
Depending on use of a wide or narrow field of 
view, this will include variable portions of the 
lungs, mediastinum, chest wall, thoracic spine, 
and abdomen. Not surprisingly, incidental find-
ings will often be identified that may or may 
not be clinically significant. An incidental find-
ing is classified as significant if it requires sub-
sequent radiographic evaluation or therapeutic 
intervention.

Patients undergoing cardiac imaging are not 
necessarily representative of the general popula-
tion because of the presence of cardiac disease, 
additional associated risk factors, and ongoing 
symptoms, all of which may affect the prevalence 
and types of clinically significant incidental 
findings.

In one of the earliest large studies to analyze 
incidental findings on cardiac electron beam 
CT in the context of calcium scoring, investi-
gators found that 53% of all patients had one or 
more incidental findings [1]. Most incidental 
findings were limited to the heart or pericar-
dium (38%). Extracardiac incidental findings 
included pneumonia (1.7%), pulmonary malig-
nancy (0.1%), pleural disease (8.9%), esopha-
geal carcinoma (0.06%), lymphadenopathy 
(4%), hiatal hernia (1%), hepatic tumors (2%), 
and spinal degenerative disease (5.4%). 
Regarding clinical significance, 9% of these 
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findings required further evaluation, and only 
1% resulted in therapeutic intervention.

More recent investigations with modern 
multi- detector CT scanners have found similar 
results, with a prevalence of significant findings 
as high as 23%. One important difference is 
that CCTA requires contrast administration, 
which enhances the ability to detect additional 
pathology such as pulmonary embolism and 
aortic dissection. For example, in a study 

 looking at patients who underwent CCTA after 
coronary artery bypass grafts, incidental pul-
monary embolism was found in 1.9% of patients 
in the immediate postoperative period.

There has been considerable debate about the 
necessity to look for and report incidental findings. 
Many studies have confirmed that incidental find-
ings are common and have the potential to influ-
ence treatment; identifying such findings should 
be a component of the image interpretation.

C. Brown and C.S. White
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11.2  Case 11.1

11.2.1  History

A 56-year-old male screened for coronary artery 
disease. History is significant for hypertension, 
hyperlipidemia, and family history of coronary 
artery disease.

11.2.2  Findings

There is a solitary pulmonary nodule in the left 
upper lobe of the lung measuring approximately 
1 cm in diameter. There is no associated lymph-
adenopathy or calcification (Fig. 11.1).

11.2.3  Diagnosis

Incidental solitary pulmonary nodule.

11.2.4  Discussion

Solitary pulmonary nodules (SPN) are relatively 
common findings that must not be overlooked 
because they may represent malignancy. Most often, 

patients are asymptomatic, and these lesions are 
found incidentally or in screening studies for lung 
cancer in high-risk populations.

By definition, a pulmonary nodule is a dis-
crete opacity that is less than 3 cm; any lesion 
that is greater than 3 cm is termed a mass. The 
differential diagnosis of a SPN is large and can be 
divided into benign and malignant etiologies. 
Benign causes include infection or abscess, 
inflammatory disease (e.g., sarcoidosis), vascular 
abnormalities (e.g., AVM, aneurysm), and benign 
neoplasms (e.g., hamartoma, lipoma, fibroma). 
Malignant causes include primary lung cancer or 
metastasis.

Certain radiographic features help to distinguish 
a benign versus malignant etiology of SPN. Several 
patterns of calcification are associated with a benign 
SPN including complete calcification, laminated 
calcification, popcorn calcification, and central cal-
cification. Margins that are smooth and well defined 
are more likely benign. The growth rate of a SPN 
can be highly predictive of a benign or malignant 
cause. SPNs that double in less than 1 month usu-
ally have an infectious etiology. SPNs that are stable 
over 2 years are usually benign although ground 
glass nodules may have longer doubling times and 
those that double in less than 2 years (and greater 
than 1 month) are usually malignant.

a b

Fig. 11.1 (a) Axial. There is solitary pulmonary nodule in the left upper lobe (arrow). (b) Axial. A different patient 
with a spiculated nodule suspicious for malignancy (long arrow) with an associated satellite nodule (short arrow)
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Management of SPNs can be difficult because 
physicians must consider risks of further radia-
tion from follow-up imaging and possible tissue 
sampling versus the likelihood of diagnosing or 
missing a lung cancer. The predictable growth 
rate of malignant and benign SPNs is the basis 
for the Fleischner Society recommendations for 
follow-up of lung nodules [2]. These recommen-
dations outline scheduled CT follow-up, PET 
imaging, and/or biopsy based on the size of the 
SPN and risk stratification of the patient.

11.2.5  Pearls and Pitfalls

When available, prior imaging studies should be 
carefully studied to assess for changes in the size 
or morphology of any nodules. Solid nodules that 
are stable over 2 years or those that are com-
pletely calcified can be considered benign.
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11.3  Case 11.2 Contributed by 
J. Lee and C. Smuclovisky

11.3.1  History

A 75-year-old male presented with new onset of 
left-sided chest pain.

11.3.2  Findings

There is a mass in the left upper lobe of the lungs 
infiltrating the adjacent mediastinum and with 
adenopathy (Fig. 11.2a–c).

a

d

g

e f

b c

Fig. 11.2 (a) Axial. Left upper lobe adenocarcinoma infil-
trating the mediastinum (double arrows). Left hilar meta-
static lymph node (single arrow). (b) Axial. Delayed images 
again demonstrating the infiltrating tumor (arrows). (c) 
Axial. Metastatic adenopathy adjacent to the left subclavian 
artery and vein (arrow). (d) Axial. Incidental small lung can-
cer (different patient) adjacent to the right hilum with a meta-
static lymph node (arrows). (e and f) Axial. Incidental 

13-mm lung cancer (different patient) in the left upper lobe 
adjacent to the aortic arch. Lung window (f) demonstrating 
spiculated borders of the tumor (arrows). (g) Axial. Incidental 
5.5-cm left upper lobe lung cancer (different patient) inciden-
tally found on the cardiac CTA and previously missed on 
plain radiographs over a period of 3 years. Note that the 
tumor is posterior to a cardiac pacemaker and would be dif-
ficult to suspect on a plain radiograph (Murphy’s law)

11 Extracardiac Findings on Cardiac CTA
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11.3.3  Diagnosis

The diagnosis is adenocarcinoma of the lung.

11.3.4  Discussion

Lung cancer is the leading cause of cancer-related 
mortality in both men and women. The prevalence 
of lung cancer is second only to that of prostate 
cancer in men and breast cancer in women. Non-
small cell lung cancer (NSCLC) accounts for 
approximately 75% of all lung cancers. NSCLC is 
divided further into adenocarcinoma, squamous 
cell carcinoma, and large cell carcinoma.

Extracardiac findings are frequently encoun-
tered on cardiac CTA. Primary lung cancer typi-
cally appears as a noncalcified soft tissue mass 
with irregular or spiculated borders. The tumors 
have variable size and may be located anywhere 
in the thorax.

11.3.5  Pearls and Pitfalls

Careful attention to the extracardiac structures is 
of paramount importance in order not to miss 
reporting a neoplasm in the field of view.

C. Brown and C.S. White
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11.4  Case 11.3

11.4.1  History

A 40-year-old male, who presented with chest 
pain after using cocaine.

11.4.2  Findings

There is a focal consolidation in the right middle 
lobe (Fig. 11.3).

11.4.3  Diagnosis

Pneumonia, possibly secondary to aspiration 
given patient’s history of drug abuse.

11.4.4  Discussion

Pneumonia develops when pathologic organisms 
invade lung parenchyma and initiate a host 
immune response. This manifests as inflammatory 

exudate in the airspaces, which causes the radio-
graphic appearance of consolidation. Spread of 
organisms can occur through the airways via inha-
lation or aspiration, through vasculature (hematog-
enous spread) or by direct contact with infected 
adjacent structures such as the mediastinum or 
abdomen. Pneumonia can be caused by bacteria, 
viruses, fungi, and parasites. The integrity of the 
immune system plays an important role in the sus-
ceptibility of infections from various organisms.

There are three radiographic patterns of 
pneumonia: lobar, lobular or bronchopneumo-
nia, and interstitial. Lobar pneumonia usually 
involves inflammation in the distal airways first, 
which then spreads proximally along the air-
ways to involve the whole lobe. S. pneumoniae 
and Klebsiella pneumoniae often produce lobar 
pneumonia.

Lobular or bronchopneumonia is caused by 
inflammation in the bronchi, which then spreads dis-
tally to involve the pulmonary lobule. S. aureus and 
H. influenza often produce bronchopneumonia.

Interstitial pneumonia is caused by inflamma-
tion in the bronchioles and pulmonary intersti-
tium, which causes radiographic thickening of 
airways and reticulonodular opacities. Viral 
infections and mycoplasma often produce inter-
stitial pneumonia.

Although each organism has predilection for a 
specific radiographic appearance, there is 
 considerable overlap. Other complications of 
infection that can occur with pneumonia are 
abscess and empyema.

11.4.5  Pearls and Pitfalls

In an erect patient, aspiration pneumonia is most 
common in the right middle lobe or bilateral 
lower lobes because the bronchi are oriented 
more vertically.

A chest radiograph may require 4–6 weeks to 
normalize after pneumonia.

Fig. 11.3 Axial. Right middle lobe consolidation indica-
tive of airspace disease (arrow)
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11.5  Case 11.4

11.5.1  History

A 59-year-old female presented to the emergency 
department with chest pain and shortness of 
breath.

11.5.2  Findings

There are pulmonary emboli and bilateral main 
pulmonary arteries and segmental arteries. 
There is right ventricular strain (Figs. 11.4 and 
11.5).

11.5.3  Diagnosis

The diagnosis is extensive pulmonary emboli 
with right ventricular strain.

11.5.4  Discussion

Pulmonary embolism (PE) is a common yet 
deadly disease that is responsible for 100,000 
deaths in the USA annually. Risk factors for PE 
are similar to those for DVT and include malig-
nancy, surgery, joint replacements, prolonged 
immobilization, pregnancy, and hypercoagulable 
disorders.

Common symptoms of PE are dyspnea, chest 
pain, and cough. The most common sign on phys-
ical exam is tachycardia. Because many patients 
may be asymptomatic, a high level of suspicion 
must be maintained among those who are at high 
risk. PE is often a lethal disease because it may 
cause right heart failure and subsequent death due 
to arrhythmias or cardiac shock in up to 30% of 
patients if not treated. Typical treatment is imme-
diate anticoagulation and supportive therapy 
although more invasive therapy may be necessary 
in patients with hemodynamic compromise.

a b

Fig. 11.4 (a) Axial. Thrombus in the right main pulmo-
nary artery (long arrow) and left lung segmental pulmo-
nary arteries (short arrows). (b) Axial. Flattening of the 

interventricular septum (arrow) indicates right ventricular 
strain. Normally, the interventricular septum bows out-
ward from the left ventricle
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The presence of right ventricular strain, which 
can be assessed by right ventricular dilation and 
flattening of the intraventricular septum, is a neg-
ative prognostic indicator in patients with PE.

Historically, the gold standard for diagnosis 
was pulmonary angiography. However, today 
similar diagnostic results are achieved with CT 
angiography.

11.5.5  Pearls and Pitfalls

Timing of the contrast injection is crucial. 
Opacification extending from the main pulmo-
nary arteries to the subsegmental arteries must be 
achieved to confidently rule out PE.

a

c

b

d

Fig. 11.5 (a) Axial. Massive pulmonary embolism with a 
large saddle embolus in the main pulmonary artery (arrows). 
(b) Axial. Extensive bilateral thrombus in the proximal pul-
monary arteries (arrows). (c and d) Axial and sagittal. 

Arrows pointing to a partial filling defect in an arterial branch 
to the right lower lobe (c) and proximal right pulmonary 
artery (d), which sometimes can have the appearance of an 
eyeball defect—Contributed by J. Lee & C. Smuclovisky

11 Extracardiac Findings on Cardiac CTA
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11.6  Case 11.5

11.6.1  History

A 65-year-old male underwent a preoperative 
study for aortic valve replacement. He has history 
of coronary artery disease and prior coronary 
artery bypass graft.

11.6.2  Findings

There is right-sided pleural effusion with septal 
thickening and ground glass opacities in both 
lung bases (Fig. 11.6).

11.6.3  Diagnosis

Pleural effusion due to volume overload.

11.6.4  Discussion

Pleural effusions can be classified as either transuda-
tive or exudative. Transudative effusions are caused 
by increased plasma hydrostatic pressure, decreased 
plasma oncotic pressure, or a combination of 

the two. The most common cause of transudative 
 effusions is left heart failure, which causes increased 
plasma hydrostatic pressure from vascular conges-
tion. Other causes include volume overload and dis-
eases characterized by hypoalbunemia, such as 
hepatic disease or nephrotic syndrome. Exudative 
effusions are caused by infection, inflammation, and 
malignancy.

Pulmonary edema can develop in setting of 
volume overload or congestive heart failure. 
Radiographically, this is demonstrated by the 
presence of septal lines due to increased intersti-
tial fluid as well as ground glass opacities due to 
increased fluid in the alveoli.

Thoracentesis can be performed to sample the 
pleural fluid, which can then be analyzed to help 
distinguish transudative effusions from exudative 
effusions. Typically, a transudative effusion has a 
pleural/serum protein ratio less than 0.5, pleural/
serum LDH ratio less than 0.6, and pleural LDH 
less than 200 IU/L.

11.6.5  Pearls and Pitfalls

Transudative effusions usually have density on 
CT of 0–20 HU. Exudative effusions tend to have 
density greater than 20 HU.

a b

Fig. 11.6 (a) Axial. Soft tissue window shows right-sided pleural effusion with density of simple fluid. (b) Axial. Lung 
windows show septal thickening and ground glass opacities in both lung bases
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11.7  Case 11.6 Contributed by 
J. Lee and C. Smuclovisky

11.7.1  History

An 89-year-old male presented with a history of 
increasing shortness of breath and atypical chest 
pain.

11.7.2  Findings

There is a pericardial effusion (Fig. 11.7a, b). 
There was multivessel non-obstructive calcified 
plaques in the coronary arteries (not shown).

11.7.3  Diagnosis

The diagnosis is pericardial effusion.

11.7.4  Discussion

The pericardial space normally contains up to 
50 mL of fluid, which serves as lubrication for the 
visceral and parietal layers of the pericardium. 
Pericardial effusion is defined as an abnormal 
amount fluid or density in the pericardium. 
Etiologies include infectious, noninfectious, and 
autoimmune. The cause in this case was idiopathic.

The cause of increased fluid production 
depends on the underlying etiology. Transudate 
fluid accumulation results from obstruction of 
fluid drainage, which occurs through lymphatic 
channels. Exudate fluids occur secondary to 
inflammatory, infectious, malignant, or autoim-
mune processes affecting the pericardium.

Clinical manifestations of pericardial effusion 
are mostly dependent on the rate of accumulation 
of fluid in the pericardial sac. Rapid accumulation 
may cause elevated intrapericardial pressures 

a

d e

b c

Fig. 11.7 (a and b) Axial and sagittal. Pericardial effu-
sion (arrows). (c and d) Axial and sagittal. Thickened 
pericardium with scattered calcifications (arrows). (e) 
Axial: Constrictive pericarditis (arrows). Thickened and 

partially calcified pericardium causing compression of the 
ventricles with secondary dilatation of the atria (LA left 
atrium; RA right atrium)
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with as little as 80 mL, while slowly progressing 
effusions can contain up to 2 L with minimal or 
no symptoms. CT can detect small amounts of 
fluid in the pericardium and reported as little as 
50 mL. Pericarditis can lead to fibrosis and calci-
fications (Fig. 11.7c, d) in the pericardium that 
can lead to constrictive pericarditis (Fig. 11.7e), 
which impedes normal diastolic filling.

11.7.5  Pearls and Pitfalls

It is not uncommon to normally visualize a small 
amount of fluid in the inferior pericardial recess 
in asymptomatic patients. With a pericardial effu-
sion, fluid extends superiorly surrounding the 
heart anterior and posteriorly.
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11.8  Case 11.7 Contributed by 
J. Lee and C. Smuclovisky

11.8.1  History

An 81-year-old asymptomatic male presented 
with an abnormal nuclear stress test and silent 
MI.

11.8.2  Findings

There is a 3.9-cm water density mass inseparable 
from the free wall of the right atrium located in 
the cardiophrenic angle (Fig. 11.8a, b).

11.8.3  Diagnosis

The diagnosis is pericardial cyst.

11.8.4  Discussion

Most pericardial cysts are congenital and are dis-
covered, as in this case, as an incidental finding. 
Less common are inflammatory pericardial cysts. 
These include pseudocysts as well as encapsu-
lated and loculated pericardial effusions. 
Pericardial scarring may trap portions of an intra-
pericardial exudate or hemorrhage producing a 
pocket or cyst-like structure (Fig. 11.8c).

a

c d

b

Fig. 11.8 (a and b) Axial and coronal. Pericardial cyst in 
the right cardiophrenic angle (arrows). (c) Axial. Different 
patient with a large chronic myocardial infarct in the terri-
tory of the LAD (triple arrows), with a trapped fluid col-

lection (single arrow) in the left cardiophrenic angle. 
There is a small amount of fluid (arrow head) in the peri-
cardium. (d) Axial. Bronchogenic cyst, on a different 
patient (arrows)
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Cysts occur anywhere in the pericardium and 
are mostly commonly located in the right cardio-
phrenic angle. Pericardial cysts are usually less 
than 3 cm in diameter and most are unilocular, 
have smooth borders, and contain clear fluid. The 
cyst arises from the parietal pericardium and con-
sists of a single layer of mesothelial cells. Rarely, 
cysts can be associated with chest pain, dyspnea, 
cough, and significant arrhythmias, likely sec-
ondary to compression and erosion of the adja-
cent tissues.

The diagnosis on CT is established by the 
location, ovoid/triangular shape, thin walls, and 
homogeneous water density. These cysts have 
similar appearance and histology as broncho-

genic cysts (Fig. 11.8d). Pericardial cysts may be 
hyperdense on CT, likely from containing mucoid 
or proteinaceous material or both that may mimic 
a solid mass.

11.8.5  Pearls and Pitfalls

Differential diagnosis of a pericardial cyst would 
include a bronchogenic cyst that is trapped in or 
on the pericardium, lymphangiomas, and necrotic 
tumors. Pericardial diverticula are less common 
and resemble cysts except that a comparable 
developmental abnormality has left a communi-
cation with the pericardial cavity.

C. Brown and C.S. White



323

11.9  Case 11.8 Contributed by 
J. Lee and C. Smuclovisky

11.9.1  History

A 79-year-old male presented with chronic short-
ness of breath and atrial fibrillation.

11.9.2  Findings

There is a filling defect in the left atrial append-
age (Fig. 11.9a).

a

c d

b

Fig. 11.9 (a) Axial. Discrete low density in the left atrial 
appendage (LAA) confirmed by transesophageal echocar-
diography (TEE) to represent a thrombus (arrow). (b) Axial. 
Normal typical triangular appearance of the LAA (arrow) in 
a different patient. (c) Axial: Anatomic variant of the LAA 

with the apex toward the left sinus of Valsalva (arrow) in a 
different patient. (d) Axial. False-positive CTA result. 
Filling defect (arrow) in the LAA in a different patient with 
a chronic dilated cardiomyopathy and no thrombus and 
sluggish LAA on a TEE performed the following day
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11.9.3  Diagnosis

The diagnosis is chronic nonvalvular atrial fibril-
lation with a thrombus in the left atrial appendage 
(LAA).

11.9.4  Discussion

The LAA is well identified on cardiac CT and is 
contiguous anterior and superiorly with the left 
atrium and located to the left of the main 
 pulmonary artery. The LAA typically has a tri-
angular shape and enhances homogeneously 
with IV contrast (Fig. 11.9b). Internal striations 
in the apex of the appendage are also commonly 
visualized. Anatomic variants of the LAA are 
not infrequent and may appear redundant or 
with the apex adjacent to the left sinus of 
Valsalva (Fig. 11.9c).

The most common cause of thrombus in the 
LAA is atrial fibrillation. Other causes include 
mitral valvular disease, cardiomyopathy, and 
platelet dysfunction. Atrial fibrillation is a com-
mon arrhythmia that is found in 1% of persons 
older than 60 years to more than 5% of patients 
older than 69 years. Nonvalvular atrial fibrillation 
is the most common cardiac disease associated 

with cerebral embolism. Close to half of the car-
diogenic emboli in the USA occur in patients 
with nonvalvular atrial fibrillation. Overall, 
20–25% of ischemic strokes are due to cardio-
genic emboli.

LAA thrombus is commonly difficult to iden-
tify on transthoracic echocardiography. The most 
widely used diagnostic test to establish the pres-
ence of thrombus is transesophageal echocardiog-
raphy (TEE). However, TEE is semi-invasive, and 
cardiac CTA has shown the potential to diagnose 
noninvasively thrombus in the LAA. Currently, 
there are no definitive studies establishing that 
CTA replaces TEE.

11.9.5  Pearls and Pitfalls

The LAA opacifies with contrast maximally in 
end-systole. This is usually the 30–40% phase on 
the cardiac CTA. LAA thrombus may be subtle 
and should be suspected in patients with left 
atrial (LA) enlargement (LA size 4.0 cm and 
greater). A sluggish LAA may under fill initially 
with contrast on CTA, giving the false appear-
ance of a thrombus (Fig. 11.9d). Preliminary 
studies suggest that delayed imaging of the heart 
may avoid this pitfall.
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11.10  Case 11.9 Contributed by 
J. Lee and C. Smuclovisky

11.10.1  History

A 51-year-old male presented for workup of cor-
onary artery disease.

11.10.2  Findings

There is an incidental 3.5-cm lobulated noncalci-
fied mass in the left atrium attached to the poste-
rior wall (Fig. 11.10a, b).

11.10.3  Diagnosis

The diagnosis is left atrial myxoma.

11.10.4  Discussion

The tumor was surgically resected and the pathol-
ogy confirmed. Myxomas are benign and repre-
sent the most common type of primary cardiac 
tumor. Approximately 90% are solitary and 
pedunculated. About 75–85% occur in the left 

atrial cavity. The mean age of patients with spo-
radic myxoma is 56 years. In the left atrium, the 
usual site of attachment is in the area of the fossa 
ovalis. Less often, myxomas also may arise from 
the right atrium and either ventricle. Occasionally 
myxomas, as in this case, arise from the posterior 
left atrial wall or the appendage. The mobility of 
the tumor depends on the extent of the attach-
ment and length of the stalk. Clinical signs 
include embolization and mechanical interfer-
ence with the cardiac function. Myxomas may 
also prolapse through the valve and cause destruc-
tion of the annulus or valve leaflets.

Familial cardiac myxomas represent approxi-
mately 10% of all myxomas. These may be asso-
ciated with a syndrome called syndrome myxoma 
or Carney’s syndrome that consists of myxomas 
in other locations (breast or skin), spotty pigmen-
tation, and endocrine dysfunction.

11.10.5  Pearls and Pitfalls

Not infrequently, mixing of IV contrast from the 
superior vena cava with nonopacified blood from 
the inferior vena cava causes a swirling artifact in 
the right atrium that may mimic a thrombus or 
tumor.

a b

Fig. 11.10 (a and b) Axial and oblique sagittal. Lobulated 3.5-cm mass in the left atrium attached to the posterior wall 
corresponding to a left atrial myxoma (arrow). (Courtesy of Dr. Constantino Pena, Miami, FL.)
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11.11  Case 11.10

11.11.1  History

A 71-year-old male presented with aortic steno-
sis (AS) and for prevalve replacement workup.

11.11.2  Findings

There is advanced aortic valve calcific deposits 
(Fig. 11.11a, b).

a

d
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e f

b c

Fig. 11.11 (a and b) Axial and coronal. There is exten-
sive calcification in the aortic leaflets with severe aortic 
stenoisis (AS) (arrows). (c) Axial. Normal leaflets of the 
aortic valve (arrow) in another patient. (d) Axial: The aor-
tic leaflets are deformed, thickened, and with mild calcific 
deposits (arrows) in a patient with bicuspid aortic valve 
and mild AS. (e and f) Axial and coronal (thick maximum 

intensity projection). Bioprosthetic aortic valve replace-
ment (arrows). The arrow head in Fig. 6.5e indicates a 
pledget used to suture the valve in place. (g) Oblique sag-
ittal: Valvular replacement with mechanical valves in the 
aortic (short arrow) and mitral (long arrow) position. (h) 
Axial: Dilatation of the ascending aorta in a patient with 
severe AS
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11.11.3  Diagnosis

The diagnosis is aortic valvular stenosis.

11.11.4  Discussion

That aortic valve is well identified on CTA. In the 
normal aortic valve, the leaflets are thin and with-
out thickening or calcific deposits (Fig. 11.11c). 
The normal aortic orifice is estimated at 3.0–
4.0 cm2. A valve orifice of 1.0–1.5 cm2 is consid-
ered moderate stenosis, and 1.5–2.0 cm2 is 
considered mild stenosis. Less than 1.0 cm2 is 
considered critical stenosis. In the presence of a 
normal cardiac output, critical obstruction to the 
left ventricular outflow is usually characterized 
by a peak systolic pressure gradient exceeding 
50 mmHg.

Clinical symptoms of AS include shortness of 
breath, syncope, chest pain, and ultimately signs 
of heart failure. AS refers to the obstruction of 
blood flow across the aortic valve. Isolated AS is 
usually either congenital or degenerative in ori-
gin. Congenital malformations of the aortic 
valve may be unicuspid, bicuspid (Fig. 11.11d), 

or tricuspid. The abnormal valvular architecture 
causes turbulent flow that damages the leaflets 
and leads to fibrosis, rigidity, calcification of the 
leaflets, and narrowing of the aortic orifice with 
subsequent AS.

Age-related degenerative calcific AS is cur-
rently the most common cause of AS in adults and 
the most frequent reason for aortic valve replace-
ment (Fig. 11.11e–g). Other causes of acquired 
calcific AS, or aortic valvular sclerosis, include 
postinfectious, rheumatoid, and ochronosis.

AS can lead to left ventricular hypertrophy 
and subsequent LV dilatation. Post-stenotic dila-
tation of the ascending aorta may also be associ-
ated with AS (Fig. 11.11h). The noninvasive test 
of choice for evaluation of AS is transthoracic 
echocardiography. Additionally, invasive testing 
such as TEE and angiography is also commonly 
used.

11.11.5  Pearls and Pitfalls

Preliminary studies suggest that cardiac CTA 
appears to be accurate in the estimation of the 
severity of aortic valvular stenosis.
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11.12  Case 11.11 Contributed by 
J. Lee and C. Smuclovisky

11.12.1  History

A 44-year-old male presented with a history of 
Marfan syndrome.

11.12.2  Findings

There is severe dilatation of the aortic root measur-
ing 7.0 cm and without dissection. There is LV dila-
tation related to aortic regurgitation (Fig. 11.12a, b). 
There is dilatation of the suprahepatic veins and 
IVC from tricuspid regurgitation.

a

c d

b

Fig. 11.12 (a–c) Axial and coronal. Aortic root aneurysm with aortic regurgitation and left ventricular (LV) dilatation. 
(d) Axial. Dilatation of the suprahepatic veins secondary to tricuspid insufficiency (arrows)
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11.12.3  Diagnosis

The diagnosis is aortic root aneurysm secondary 
to Marfan syndrome.

11.12.4  Discussion

Marfan syndrome is an autosomal dominant dis-
order causing a genetic defect of connective tis-
sue. The genetic defect is isolated to the FBN1 
chain on chromosome 15, which codes for the 
connective tissue protein fibrillin. Abnormalities 
in this protein cause a constellation of clinical 
disorders, which commonly include the musculo-
skeletal, cardiac, and ocular system.

The cardiovascular involvement is the most 
serious problem associated with Marfan syndrome. 

The incidence of aortic dilatation occurs in 70–80% 
of cases and involves the sinuses of Valsalva. Aortic 
dissection is a common and often lethal complica-
tion. Mitral valve prolapse occurs in 55–69% cases. 
Additional findings include tricuspid valve pro-
lapse, dilatation of the main pulmonary and dilata-
tion, or dissection of the descending thoracic and/
or abdominal aorta. Dilatation of the aortic root can 
cause stretching of the aortic valve leaflets result-
ing in lack of regurgitation.

11.12.5  Pearls and Pitfalls

The aortic root in adults normally measures 
<3.7 cm above the sinotubular junction.
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11.13  Case 11.12

11.13.1  History

A 59-year-old male underwent coronary imaging 
for preoperative assessment for kidney donation. 
His history is significant for hypertension and 
hyperlipidemia.

11.13.2  Findings

There is mediastinal, hilar, and peribronchovas-
cular lymphadenopathy (Fig. 11.13).

11.13.3  Diagnosis

Lymphadenopathy due to sarcoidosis.

11.13.4  Discussion

Lymphadenopathy is a term referring to abnor-
mal lymph nodes, which includes lymph node 

enlargement, increased number of lymph 
nodes, and/or abnormal lymph node architec-
ture. Lymphadenopathy is nonspecific finding 
that can be associated with localized or sys-
temic pathology. Common causes include 
infection such as tuberculosis, autoimmune 
diseases, and malignancy such as lymphoma 
or metastatic disease. Reactive lymphadenop-
athy is a benign entity that represents a healthy 
immune response to an antigen stimulus. In 
some cases, reactive lymphadenopathy can 
mimic malignancy and a biopsy is required for 
diagnosis.

Sarcoidosis is a granulomatous disease 
characterized by noncaseating granulomas 
involving multiple organs including lungs, 
skin, joint, eyes, liver, and heart. In the USA, 
the disease is most common among young 
adult African Americans, who have an esti-
mated lifetime risk of 2.4%. Half of cases are 
found incidentally on chest radiography. 
Definitive diagnosis is obtained by transbron-
chial biopsy of pulmonary lesions or percuta-
neous biopsy of other involved organs.

The overwhelming majority of patients 
with sarcoidosis have lung involvement. 
Patients who are symptomatic often present 
with cough, dyspnea, and chest pain. Imaging 
classically reveals bilateral hilar lymphade-
nopathy. Later stages of the disease involve 
the lung parenchyma and can be characterized 
on imaging by peribronchovascular nodules, 
ground glass opacities, cysts, and fibrosis with 
traction bronchiectasis.

11.13.5  Pearls and Pitfalls

Other causes of lymphadenopathy should be 
ruled out if biopsy is not performed. 
Sarcoidosis and granulomatous disease due to 
tuberculosis often causes calcified lymph 
nodes. In patients with untreated lymphoma 
and metastatic disease, the enlarged lymph 
nodes rarely calcify.

Fig. 11.13 Axial. Soft tissue windows show calcified 
lymphadenopathy (arrows)
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11.14  Case 11.13 Contributed by 
J. Lee and C. Smuclovisky

11.14.1  History

A 54-year-old male presented with a history of 
arrhythmias. The study was acquired for coro-
nary venous mapping prior to defibrillator (ICD) 
insertion.

11.14.2  Findings

There is extensive mediastinal and bilateral hilar 
adenopathy containing scattered calcifications 
(Fig. 11.14a). There are perihilar infiltrates 
(Fig. 11.14b). There is marked dilatation of the 
left ventricle with diffuse thinning of the left ven-
tricular walls. Abnormal density is seen in the 
lateral and inferolateral walls, with calcification 
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Fig. 11.14 (a) Axial. Hilar and mediastinal adenopathy 
from sarcoidosis (arrows). Metal artifact from electrode 
wire leads in the SVC (arrowhead). (b) Axial. Sarcoid 
perihilar infiltrates (arrows). (c) Axial. Diffuse thinning of 
the left ventricular walls, LV dilatation, and abnormal 

density in the lateral wall, which has epicardial calcifica-
tion from myocardial sarcoidosis (arrows). (d) Axial. 
Pericardial thickening with calcification (arrow). Sarcoid 
infiltration of the myocardium (arrowheads)
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(Fig. 11.14c). There is also focal posterolateral 
pericardial thickening with calcification 
(Fig. 11.14d). There is metal artifact in the right 
atrium from electrode wire leads.

11.14.3  Diagnosis

The diagnosis is granulomatous cardiomyopathy: 
sarcoidosis.

11.14.4  Discussion

Cardiomyopathies are commonly divided into a 
dilated or nondilated category. Within both of these 
groups, the myocardium may be hypertrophic or 
nonhypertrophic, and it may be accompanied by a 
restrictive (diastolic ventricular dysfunction) and/
or congestive (systolic ventricular dysfunction) 
physiology. This form of classification may assist 
in specifying a cause for a cardiomyopathy based 
on the predominant clinical picture.

Sarcoidosis involving the heart is subclassified 
as a granulomatous cardiomyopathy. Clinically 
significant sarcoidosis involving the heart is 
uncommon and present in approximately 2–7% of 
patients with sarcoidosis. Clinically silent involve-
ment of the heart has been described as greater 
than 20%.

Cardiac involvement may occur at any point 
during the course of the disease and may be pres-
ent in the absence of pulmonary or systemic 
involvement. Sarcoidosis can involve any part of 
the heart, including the myocardium, endocar-
dium, and pericardium. Cardiac sarcoidosis is a 
leading cause of the death among patients with 
sarcoidosis and with a mortality of up to 50–85% 
in autopsy series.

Arrhythmias or conduction defects are the 
most common cause of death; however, progres-
sive heart failure due to massive granulomatous 
infiltration of the myocardium accounts for at 
least 25% of the deaths. Rapidly progressive and 
fatal congestive heart failure may be the present-
ing feature of sarcoidosis. Recurrent massive 
pericardial effusions or constrictive pericarditis 
accounts for less than 3% of cardiac deaths.

Conduction disturbances and arrhythmias are 
the most common cardiac manifestation second-
ary to granulomatous infiltration in the conduc-
tion system or ventricular walls. Variable degrees 
of AV block, bundle branch block, nonspecific 
intraventricular conduction delay, premature ven-
tricular contractions, ventricular tachycardia, and 
other arrhythmias may be observed.

Extensive myocardial disease can result in a 
dilated cardiomyopathy and heart failure. The 
diagnosis of myocardial sarcoidosis can be diffi-
cult to make and may require a biopsy. Diagnostic 
studies commonly used are echocardiography, 
Holter monitoring, radionuclide scans with thal-
lium, technetium pyrophosphate, and gallium. 
MRI and PET are also performed. Coronary 
angiography may be indicated to rule out obstruc-
tive coronary disease.

11.14.5  Pearls and Pitfalls

The accuracy of cardiac CTA in the evaluation of 
myocardial sarcoidosis has not been established. 
However, in the absence of significant or obstruc-
tive coronary artery disease, a granulomatous 
cardiomyopathy should be suspected in the pres-
ence of arrhythmias with abnormal density and 
calcifications in the myocardial walls and/or peri-
cardium on the CTA.
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11.15  Case 11.14

11.15.1  History

A 44-year-old male with history of hypertension 
presented to the emergency department with 
chest pain.

11.15.2  Findings

There was anterior mediastinal soft tissue lesion. 
Initial interpretation was thymoma versus thymic 
hyperplasia (Fig. 11.15).

11.15.3  Diagnosis

Thymic hyperplasia.

11.15.4  Discussion

The anterior mediastinum includes all struc-
tures behind the sternum, anterior to the peri-
cardium, and below the level of the clavicles. 
Anterior mediastinal masses have a differen-
tial diagnosis often remembered with the 
mneumonic “4T’s,” which refers to masses 
arising from the thyroid, thymus, teratoma, 
and “terrible” lymphoma. Sometimes, the dif-
ferential diagnosis is referred to as the “5T’s,” 
with the fifth “T” representing thoracic aorta 
aneurysm.

Thymoma comprises about 20% of mediasti-
nal neoplasms and is the second most common 
mediastinal neoplasm in adults after lymphoma. 
Most patients are between 40 and 60 years of age 
with a slight male predominance. Most thymic 
tumors are either found incidentally or on workup 
of symptoms from a paraneoplastic syndrome 
(e.g., mysasthenia gravis) or mass effect (e.g., 
superior vena cava syndrome).

Up to half of patients with thymoma have 
myasthenia gravis, which is uncommon in 
thymic carcinoma. Other paraneoplastic syn-
dromes can occur which affect the nervous 
system or muscle. Thymemectomy is usually 
curative for patients with a paraneoplastic 
syndrome  associated with a thymoma and is 
often helpful in patients with thymic 
hyperplasia.

11.15.5  Pearls and Pitfalls

Anterior mediastinal lesions found in patients 
older than 40 years are likely to be lymphoma-
tous or of thymic origin.

Fig. 11.15 Axial. Soft tissue windows show anterior 
mediastinal mass (arrow)
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11.16  Case 11.15

11.16.1  History

A 75-year-old female presented to the emergency 
department with chest pain.

11.16.2  Findings

There is a soft tissue mass posterior to the heart 
containing multiple air foci (Fig. 11.16).

11.16.3  Diagnosis

Hiatal hernia.

11.16.4  Discussion

A hiatal hernia occurs when a portion of the 
stomach protrudes upward into the thoracic 
cavity.

There are two major types of hiatal hernias: 
sliding and paraesophageal. Sliding hiatal her-
nias occur when the gastric-esophageal junction 
slides upward more than 1 cm past the esopha-
geal hiatus. Sliding hernias are a well-known 
cause of gastric reflux disease although many 
patients are asymptomatic. Paraesophageal her-
nias are much less common (approximately 1% 
of hiatal hernias) and occur when the fundus of 
the stomach herniates above the diaphragm, 
while the gastric-esophageal junction remains in 
place at the level of the diaphragm. Paraesophageal 
hernias can cause serious complications such as 
obstruction or volvulus.

11.16.5  Pearls and Pitfalls

Hiatal hernias are quite common and manifest as 
an air-filled soft tissue density behind the heart, 
which can be connected to the stomach.

Fig. 11.16 Axial. Soft tissue windows show posterior 
mediastinal mass with multiple foci of air
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11.17  Case 11.16

11.17.1  History

A 74-year-old male presented for evaluation of 
coronary arteries. History is significant for prior 
four-vessel coronary artery bypass graft.

11.17.2  Findings

There is an intimal flap in the aorta that was 
visible from just distal to the subclavian artery 
to above the diaphragmatic hiatus. The false 
lumen is partially thrombosed (Figs. 11.17 and 
11.18).

11.17.3  Diagnosis

Thoracic aorta dissection, Stanford type B.

11.17.4  Discussion

Aortic dissection is a potentially life-threatening 
condition that requires prompt recognition to initi-
ate appropriate management and reduce risk of 
death. Patients with an acute aortic dissection usu-
ally present with sudden onset of chest or back 
pain. Clinicians must have a high suspicion for aor-
tic dissection because it is relatively rare, and most 
chest pain among patients who present to emer-
gency departments is non-cardiovascular in origin.

Risk factors for aortic dissection include 
hypertension, collagen vascular disease, bicuspid 
aortic valve, a history of cardiac surgery, and 
trauma. Aortic dissection is most common in the 
older male population.

The most common classification system used 
today is the Stanford classification. Stanford type 
A involves the ascending aorta, and all other dis-
sections are classified as type B. Dissections 
involving the ascending aorta (type A) carry a 
substantially worse prognosis because retrograde 
dissection can cause coronary artery occlusion, 
severe aortic regurgitation, and cardiac tampon-
ade. Other complications of aortic dissection 
include hemothorax, limb ischemia, neurologic 
deficits caused by ischemic stroke or spinal cord 
ischemia, and abdominal viscera ischemia.

11.17.5  Pearls and Pitfalls

If an intimal flap is observed in the descending 
thoracic aorta on CCTA, assess the visible 
ascending aorta. A flap in the ascending aorta 
would be diagnostic of a more serious type A 
dissection.

The aortic root in adults is normally <3.7 cm, 
measured above the sinotubular junction. ECG- 
gated acquisition CTA is recommended in the 
evaluation of the thoracic aorta to avoid a pulsa-
tion artifact that may mimic a dissection in the 
proximal segment.

Fig. 11.17 Axial. Intimal flap (short arrow) is demon-
strated in descending aorta. Partial thrombosis (long 
arrow) is seen in the false lumen
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Fig. 11.18 (a) cMPR. Type A aortic dissection (long 
arrow) extending proximally to the aortic root and adja-
cent to the ostium of the left main coronary artery (LM). 
Metal artifact from bioprosthetic aortic valve (arrow-
head). TL true lumen, FL false lumen. (b) Volume render-
ing. The false lumen (FL) has lower intensity on volume 

rendered 3D reconstruction. A felt strip (short arrow) has 
been placed in the proximal aorta to reinforce the suture 
lines related to the previous aortic valve replacement. (c–
e) Axials and coronal: Type A aortic dissection—
Contributed by J. Lee and C. Smuclovisky
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11.18  Case 11.17 Contributed by 
J. Lee and C. Smuclovisky

11.18.1  History

An 82-year-old male presented with a history of 
chronic myocardial infarct (MI), CABG, and aor-
tic aneurysm repair.

11.18.2  Findings

There is a large chronic transmural MI involving 
the anteroseptal and apical segments of the left 
ventricle. The status was post CABG and ascend-
ing aortic aneurysm repair (Fig. 11.19a–c).

11.18.3  Diagnosis

The diagnosis is chronic transmural left ventricu-
lar MI.

11.18.4  Discussion

Chronic myocardial infarcts of the left ventricle 
are well identified with CTA. Both transmural 

and subendocardial scarrings are visualized. The 
typical appearance of a transmural MI is thinning 
of the wall with low density from the scar. The 
scar may also contain calcification. Functional 
CTA demonstrates hypokinesis or akinesis in 
area of the MI. Subendocardial scars are identi-
fied as areas of low density in the subendocardial 
wall.

Transmural MI may develop aneurysmal dila-
tation, which may lead to a thrombus formation 
in the left ventricle (Fig. 11.19d, e). Rupture of 
the LV wall is most commonly fatal, and if the 
patient survives, can occasionally lead to forma-
tion of a pseudoaneurysm.

11.18.5  Pearls and Pitfalls

Normal left ventricular apical thinning may 
mimic an infarct. Normal LV systolic func-
tion with thickening in the apical segment 
and lack of significant disease in the LAD is 
helpful in substantiating the conclusion of a 
normal variant.

a b

Fig. 11.19 (a) Volume rendering. Large anteroseptal and 
apical MI (arrows). Status post CABG and ascending aor-
tic aneurysm repair. (b and c) Axial, sagittal. Transmural 
MI. Thinning and low density throughout the scar 

(arrows). Focal calcification in the infarcted wall (arrow-
head). (d and e) Oblique sagittal and axial. LV aneurysm 
containing thrombus in another patient (arrow)
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Fig. 11.19 (continued)
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11.19  Case 11.18 Contributed by 
J. Lee and C. Smuclovisky

11.19.1  History

A 51-year-old female presented with a history of 
a dilated cardiomyopathy and previous surgery 
for mitral and tricuspid insufficiency.

11.19.2  Findings

There are hyperdense C-shaped rings in the 
mitral and tricuspid annuli (Fig. 11.20a–c).

11.19.3  Diagnosis

The diagnosis is surgical mitral and tricuspid 
repair with Cosgrove-Edwards (CE) annuloplasty 
rings.

11.19.4  Discussion

The patient had viral myocarditis in the previous 
2 years with subsequent development of a dilated 
cardiomyopathy that was complicated by severe 
mitral and tricuspid regurgitation. Since she was 
not a candidate for heart transplant, surgical 
repair of the valves was performed. Diseased car-
diac valves may be replaced or repaired. The CE 
annuloplasty rings are commonly used to repair 
the mitral and also tricuspid valves.

11.19.5  Pearls and Pitfalls

On CTA, the CE appears as a thin hyperdense 
C-shaped band in the annulus.
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Cosgrove-Edwards
annuloplasty ring

Carpentier-McCarthy-Adams
IMR ETlogix

mitral annuloplasty ring

Myxo ETlogix
mitral annuloplasty ring

GeoForm
mitral annuloplasty ring

Carpentier-Edwards Classic
mitral annuloplasty ring

Carpentier-Edwards Physio
mitral annuloplasty ring
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Fig. 11.20 (a) Coronal. Cosgrove-Edwards (CE) annulo-
plasty ring in the mitral annulus (arrow). (b) Sagittal. CE 
annuloplasty ring in the tricuspid annulus (arrow). (c) 
Axial. Partial visualization of the CE rings in the mitral 

and tricuspid annuli (arrows). (d–j) Surgical diagram and 
six different surgical devices used for valve repair (d–j, 
courtesy of Edwards Life sciences, Irvine, CA)
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11.20  Case 11.19

11.20.1  History

A 62-year-old female presented to the emergency 
department with substernal chest pain and short-
ness of breath.

11.20.2  Findings

There is a well-circumscribed hypodense hepatic 
lesion that measures 7 cm. The lesion demonstrates 
peripheral nodular enhancement (Fig. 11.21).

11.20.3  Diagnosis

Hepatic hemangioma.

11.20.4  Discussion

Hepatic masses in adults have a broad differential 
diagnosis of both benign and malignant diseases. 
Common benign etiologies include hepatic hem-
angioma (also called cavernous hemangiomas), 
focal nodular hyperplasia (FNH), hepatic ade-
noma, and idiopathic noncirrhotic portal hyperten-
sion. Malignant etiologies include hepatocellular 
carcinoma, cholangiocarcinoma, and metastatic 
disease. Parasitic infections and abscesses are less 
common etiologies. These lesions can often be 
diagnosed noninvasively by the presence of char-
acteristic imaging features in conjunction with the 
patient’s history and risk factors.

Hepatic hemangiomas are the most common 
benign hepatic tumor and have been estimated to 
occur in up to 20% of the population. They are 
more common in females by a 3:1 ratio. These 
lesions can be solitary or present in multiple 
lobes of the liver. Most patients are asymptom-
atic, but lesions larger than 4 cm may cause 
abdominal pain, nausea, or early satiety due to 
mass effect. Rarely, hemorrhage or thrombosis 
within the tumor can cause acute right upper 
quadrant pain.

On contrast-enhanced CT imaging, hepatic 
hemangiomas have early peripheral nodular 
enhancement and delayed filling in a centripetal 
pattern. Imaging is usually sufficient for diagno-
sis. Biopsy of this lesion carries risk of hemor-
rhage and is not usually necessary for confirmation 
of the diagnosis.

11.20.5  Pearls and Pitfalls

MRI and ultrasound can be used to assist in dis-
tinguishing hepatic hemangiomas from more 
serious conditions such as metastatic disease.

Fig. 11.21 Axial. Soft tissue windows show a large 
hypodense mass (large arrow) with peripheral nodular 
enhancement (short arrow)
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11.21  Case 11.20

11.21.1  History

An 84-year-old male underwent imaging to 
assess his coronary arteries. His history is signifi-
cant prior coronary artery bypass graft for left 
anterior artery (LAD) disease.

11.21.2  Findings

There is a well-circumscribed 2 cm lesion in the 
right adrenal gland. The density is somewhat 
lower than that of soft tissue (Fig. 11.22).

11.21.3  Diagnosis

Adrenal adenoma.

11.21.4  Discussion

Adrenal adenomas are common findings with use 
of advanced imaging such as multi-detector 
CT. Multiple studies have estimated that they are 
present in 5% or more of the general population. 
Adrenal adenomas are most often unilateral and 
nonfunctional. In one study, only 1% of adrenal 
lesions found incidentally proved to be adrenal 
carcinoma. Other important differential diagno-
ses include metastasis, pheochromocytoma, cyst, 
and hemorrhage.

Certain imaging characteristics can be used to 
distinguish benign from malignant adrenal lesions. 
Lesions that are smaller than 3 cm are most likely 
benign, while lesions greater than 5 cm are more 
likely malignant. Lesions with density less than 10 
HU on a non-contrast CT are lipid-rich and most 
likely benign. On contrasted CT imaging, benign 
lesions typically have rapid contrast washout, 
while malignant lesions have delayed contrast 
washout. Moreover, lesions that show no growth 
on follow-up imaging are usually benign.

11.21.5  Pearls and Pitfalls

A density slightly lower than that of soft tissue is 
often typical of adrenal adenomas. However, 
dedicated abdominal CT or MRI is often neces-
sary to further characterize incidentally found 
adrenal lesions.

Fig. 11.22 Axial. Soft tissue window shows a hypodense 
mass within the right adrenal gland (arrow)
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11.22  Case 11.21

11.22.1  History

An 81-year-old female underwent coronary 
artery imaging after a positive stress test.

11.22.2  Findings

The abdominal aorta is abnormally enlarged 
(4.3 cm) and contains mural thrombus (Fig. 11.23).

11.22.3  Diagnosis

Abdominal aortic aneurysm (AAA).

11.22.4  Discussion

Early recognition and treatment of this disease is 
important because a ruptured AAA is a life- 
threatening emergency. It is estimated that about 
15,000 deaths are attributed to AAA in the USA 
each year.

Abdominal aortic aneurysms are defined as 
a focal dilation of the aorta to more than 50% 
of its normal size. Most men and women have 
an aortic diameter less than 2 cm; therefore, 
the upper limit of normal is considered to be 
3 cm.

Risk factors for AAA include smoking, 
increasing age, male gender, atherosclerosis, and 
family history of AAA. Up to 8% of men over 65 
are found to have AAA. One study found that 
prevalence in men peaked at age 80, while preva-
lence in women kept increasing with age. Patients 
under age 50 are extremely unlikely to have a 
clinically significant AAA.

Management of asymptomatic, unruptured 
AAA is based on size. Elective treatment is rec-
ommended for aneurysms greater than 5.5 cm or 
those with growth rate greater than 1 cm per year. 
In patients who do not meet these criteria, the risk 
of surgery is greater than the risk of rupture, and 
it is recommended that they undergo serial 
surveillance.

11.22.5  Pearls and Pitfalls

The U.S. Preventative Services Task force rec-
ommends a one-time screening with ultrasound 
to detect AAA in men between ages 65 and 75 
with history of smoking.

Fig. 11.23 Axial. The abdominal aorta is enlarged with 
mural thrombus (arrows)
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11.23  Case 11.22

11.23.1  History

A 35-year-old male presented to the emergency 
department with shortness of breath and chest 
pain.

11.23.2  Findings

The liver is enlarged and demonstrated low den-
sity due to fatty infiltration (Fig. 11.24).

11.23.3  Diagnosis

Hepatic steatosis (fatty infiltration).

11.23.4  Discussion

Fatty infiltration of the liver is a nonspecific find-
ing that can occur in response to insult from 
injury, toxins, or other diseases. When hepatic 
steatosis is present without any known cause, the 
condition is termed nonalcoholic fatty liver dis-
ease (NAFLD). The risk of NAFLD is that it may 
progress to cirrhosis and ultimately liver failure.

NAFLD is subdivided into two entities: nonalco-
holic fatty liver (NAFL) and nonalcoholic steato-
hepatitis (NASH). Histologically, NASH shows 
evidence of hepatocellular injury and fibrosis, which 
is absent in NAFL.

NAFLD is estimated to have a 20% worldwide 
prevalence. Risk factors include obesity, diabetes 
mellitus, dyslipidemia, and metabolic syndrome. 
Most patients are asymptomatic from NAFLD, 
and a variable number present with hepatomegaly. 
Biopsy is not always necessary for diagnosis, but 
is the only way to distinguish NAFL from NASH.

11.23.5  Pearls and Pitfalls

Fatty infiltration of the liver reduces its attenua-
tion to lower than that of the spleen. A normal 
liver has attenuation higher than that of the spleen.

Fig. 11.24 Axial. Soft tissue windows show fatty infiltra-
tion of the liver
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11.24  Case 11.23

11.24.1  History

A 51-year-old male presented to the emergency 
department with chest pain.

11.24.2  Findings

There are compression fractures of T6, T7, and 
T10. There is no retropulsion of bony fragments 
into the spinal canal (Figs. 11.25 and 11.26).

11.24.3  Diagnosis

Multi-level thoracic compression fractures.

11.24.4  Discussion

Vertebral body compression fractures most com-
monly occur in the setting of osteoporosis, 
 malignancy, infection, and trauma. Compression 
fractures are frequently located in the mid- 
thoracic spine or at the thoracolumbar junction.

Acute compression fractures can be caused by 
minor trauma such as bending, lifting, or cough-
ing, and most of patients present with severe back 
pain. Chronic compression fractures may prog-
ress slowly over time, and patients may present 
with asymptomatic loss of height and kyphosis. 
Neurologic impairment can occur if there is asso-
ciated compression of the spinal cord or nerve 
roots. In cases of severe kyphosis of the thoracic 
spine, patients can develop impaired respiratory 
function.

Pain caused by compression fractures can be 
managed conservatively with a back brace to pro-
vide support for the spine. Vertebroplasty and 
kyphoplasty are also effective techniques to 
reduce pain. To perform a vertebroplasty, cement 
is injected percutaneously through the pedicles 
into the vertebral body to stabilize and prevent 
further collapse of the vertebral body. The tech-
nique for kyphoplasty is similar, except that it 
also uses balloon inflation within the vertebral 
body to help restore vertebral body height. 
Surgery may be appropriate if there is spinal cord 
compression with neurologic deficit or frank 
instability of the spine.

11.24.5  Pearls and Pitfalls

Pathologic fractures should be followed up with 
MRI to assess for malignancy or infection. MRI 
will also evaluate for spinal cord compression.

Fig. 11.25 Sagittal. Bone show multiple compression 
fractures (arrows) with loss of anterior vertebral body 
height
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Fig. 11.26 (a) Sagittal. Widespread metastatic bone dis-
ease from breast carcinoma (arrowheads). Status post ver-
tebroplasty with injection of methylmethacrylate into a 
vertebral body with a small amount of leakage of the 
cement into the disc space (long arrows). (b) Sagittal. 
B-cell lymphoma involving the thoracic spine (arrows). 

(c) Sagittal. Widespread bony blastic metastases from 
prostate carcinoma (arrowheads). Status post CABG. (d) 
Sagittal. Expansile lytic lesion in the lower sternum 
(arrows) incidentally found in a 91-year-old female with 
intractable chest pain. Diagnosis: myeloma—Contributed 
J. Lee and C. Smuclovisky
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11.25  Case 11.24 Contributed by 
J. Lee and C. Smuclovisky

11.25.1  Extracoronary Disease

During the interpretation of cardiac CT, extra-
coronary findings are frequently identified. 

It is important to evaluate the entire anatomy in 
the field of view in order not to miss a clinically 
relevant finding (Fig. 11.27a–h).

Fig. 11.27 (a) Axial. Left renal upper pole carcinoma 
(arrows). (b) Axial. Gastric carcinoma with ulceration of 
the tumor (long arrow) and adjacent adenopathy (arrow-
heads). (c and d) Axial and coronal maximum intensity 
projection. PFO closure device (arrow). (e and f) Coronal 
and axial. Foreign body in the right pulmonary artery 

from a wire lost during placement of an ICD device 
(arrows). ICD wires in the SVC (f, long arrow). Status 
post CABG. (g) Sluggish filling in the LA appendage; 
questionable for clot (arrow). (h) Immediate delay acqui-
sition demonstrates complete filling with no evidence of 
thrombus (arrow)

a
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b
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Fig. 11.27 (continued)
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Structural Intervention: 
A Cardiologist’s Perspective

John J. Lee, Igor F. Palacios, and Alexander Llanos

12.1  Case 12.1

12.1.1  History

A 76-year-old male presenting with chest dis-
comfort and shortness of breath.

12.1.2  Findings

Cardiac CT Angiogram (CCTA) demonstrated 
multi-vessel coronary disease with a critical 
lesion that was very short in length of the ostial 
LAD (Fig. 12.1a–c).

Coronary angiography demonstrated a criti-
cal stenosis involving the ostial LAD involving 
the bifurcation of a large first diagonal artery. 
Mild non-obstructive disease involving the cir-
cumflex artery and the right coronary artery 
(Fig. 12.1d, e).

12.1.3  Diagnosis

Critical ostial LAD disease (short lesion length 
~3 mm).

12.1.4  Discussion

The ability for the interventional cardiologist to 
know the distribution of coronary stenosis prior to 
arrival to the cath lab facilitates better defining 
lesion severity with invasive angiography. In par-
ticular, ostial coronary lesions of short length can 
potentially be overlooked at the time of cardiac 
catheterization due to overlapping of vessel seg-
ments. This patient underwent a minimally invasive 
off-pump coronary bypass surgery consisting of a 
LIMA to the LAD. Description of the coronary 
anatomy by CCTA allows for more detailed discus-
sion with our patients regarding options for therapy 
prior to their arrival to the cath lab for invasive angi-
ography where they may receive sedation agents.
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Fig. 12.1 (a) cMPR of LAD (b) stretched MPR of LAD (c) coronary tree view (d and e) coronary angiograms
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12.2  Case 12.2

12.2.1  History

A 67-year-old male with previous history of cor-
onary artery disease status post percutaneous 
coronary intervention to the right coronary artery 
and the left anterior descending, now presenting 
with recurrent chest pain.

12.2.2  Findings

CCTA demonstrated hard and soft plaque in the 
mid LAD past the first diagonal that appeared to 

be hemodynamically significant with a stenosis 
of at least 70% (Fig. 12.2a, b). There was an 
occluded proximal RCA stent (Fig. 12.2c).

Coronary angiography demonstrated a well- 
collateralized right coronary system from the left 
coronary system. Moderate disease in the left 
anterior descending system at the distal edge of a 
previously placed stent: non-flow limiting lesion 
as evaluated by both angiography and FFR (FFR 
0.88) (Fig. 12.2d, e).

12.2.3  Diagnosis

Non-flow limiting lesion in the LAD.

a

b

c

Fig. 12.2 (a) cMPR of LAD (b) stretched MPR of LAD 
(c) stretched MPR of RCA (d and e) LAD and LCX coro-
nary angiogram (f) RCA Coronary angiogram demon-

strating proximal total occlusion (g) Coronary angiogram 
demonstrating left to right collaterals
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12.2.4  Discussion

Being able to understand the coronary anatomy 
prior to arriving to the cath lab is helpful. The 
planned addition of physiologic coronary assess-
ment by means of flow evaluation is an exciting 
future advancement that will help to further 
enhance the utility of CT angiography to the 
cardiologist.

This patient was found to have an occluded 
proximal RCA and a 70% lesion in the LAD by 
coronary CTA. He was further evaluated with 
invasive angiography which verified the above 
findings. FFR evaluation of the LAD determined 
that the lesion was not significantly flow limiting 
and the decision was made for medical therapy. 
As detailed in previous chapter, the addition of 
fractional flow reserve to CCTA imaging will 
better allow us to determine care options.

d

f g

e

Fig. 12.2 (continued)
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12.3  Case 12.3

12.3.1  History

A 52-year-old male with past medical history of 
hyperlipidemia and hypertension who presented 
with exertional chest discomfort.

12.3.2  Findings

CCTA demonstrated critical two vessel disease 
involving the LAD and LCX. There was a chronic 
total occlusion of the mid LAD with collateral 
filling of the distal LAD. There was suspicion of 
high-grade obstruction in the proximal to mid 
circumflex (Fig. 12.3a, b).

Invasive coronary angiography was performed 
and demonstrated a 50% proximal LAD lesion 
followed by a total occlusion in the distal segment 
of the LAD with a well-collateralized apical LAD 
segment (anterograde bridging collateral). The 
left circumflex had a mid 85% lesion and the right 
coronary had a mid 70% lesion.

12.3.3  Diagnosis

Severe two vessel coronary artery disease of the 
LAD and LCX.

12.3.4  Discussion

We performed three vessel fractional flow reserve 
and found the RCA lesion to be non-flow limiting 
(FFR = 0.90). Evaluation of the proximal LAD 
50% lesion also demonstrated non-flow limiting 
value (FFR = 0.88). FFR of the mid LCX 85% 
lesion was found to be flow limiting (FFR = 0.69). 
It was decided to proceed with percutaneous 
intervention of the mid left circumflex. A bioab-
sorbable stent was placed without complication 
(Fig. 12.3c). The remaining coronary disease was 
medically managed.

Current advances in coronary CT angiography 
are likely to involve the ability to evaluate a 
 noninvasive fractional flow reserve which will 
help us to better evaluate patients and help guide 
therapy.
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a c

b

Fig. 12.3 (a) cMPR of LCX (b) stretched MPR of LCX (c) optical coherence tomography (OCT) of LCX showing 
bioabsorbable stent; arrows indicating bioabsorbable stent struts
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12.4  Case 12.4

12.4.1  History

A 75-year-old male with coronary artery disease 
status post CABG and aortic stenosis undergoing 
evaluation for possible transcatheter aortic valve 
replacement.

12.4.2  Findings

CCTA demonstrated a calcified aortic valve. The 
bypass anatomy was defined as a saphenous vein 
graft to the right coronary artery, saphenous vein 
graft to an obtuse marginal and a left internal mam-
mary artery (LIMA) graft to LAD (Fig. 12.4a–c).

12.4.3  Diagnosis

Previous history of CABG with new severe 
symptomatic aortic stenosis.

12.4.4  Discussion

In the evaluation of patients for transcatheter aortic 
valve therapy, cardiac CT scanning has many roles. 
In addition to evaluation of aortic valve characteris-
tics, it can also be used for defining coronary artery 
bypass grafting anatomy in patients with remote 
history of coronary arterial bypass grafting surgery 
for whom the surgical report is not available. This 
is particularly important in setting of renal insuffi-
ciency. Significant amounts of contrast volume can 
be used in trying to define bypass anatomy in indi-
viduals in whom the operative report/bypass anat-
omy is not available at the time of invasive coronary 
angiography. Also, it is also possible in the same 
setting with CTA to evaluate the thoracic, abdomi-
nal, and pelvic vasculature to determine access 
routes for a transcatheter procedure with use of 
minimal contrast.
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a c

b

Fig. 12.4 (a–c) Volume rendered
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12.5  Case 12.5

12.5.1  History

A 82-year-old male presents with progressive 
exertional chest discomfort.

12.5.2  Findings

CCTA demonstrated a critical stenosed and heav-
ily calcified lesion in the mid LAD (Fig. 12.5a, b).

12.5.3  Diagnosis

Critical mid calcified mid LAD lesion.

12.5.4  Discussion

In addition to determining the presence of criti-
cally stenotic lesions, CCTA also allows for 
morphologic characteristics of coronary lesions 
that can be useful to determining the best treat-
ment modality. In particular, the distribution 
and extent of calcium in coronary lesions is 
important in choosing the treatment options. 
The presence of heavy, and in particular, cir-
cumferential calcium in coronary lesions is an 
important consideration for use of plaque modi-
fication techniques (rotablator, orbital atherec-
tomy, etc.) that lead to improved percutaneous 
intervention results.

a

b

Fig. 12.5 (a) cMPR of LAD (b) stretched MPR of LAD
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12.6  Case 12.6

12.6.1  History

A 46-year-old male presents with progressive 
shortness of breath on exertion.

12.6.2  Findings

Transthoracic echo demonstrated a patent ductus 
arteriosus (PDA) with coronary CTA demon-
strated a PDA (Type B) (Fig. 12.6a, b).

12.6.3  Diagnosis

Type B PDA.

12.6.4  Discussion

CCTA with inclusion of the aortic arch is useful 
for planning of percutaneous intervention for 
closure of PDAs. Defining of the shape, length, 
and width of the PDA facilitates choosing the 
appropriate device for closure. In this case, an 
Amplatzer PDA occlude was chosen. In con-
trast, a type C PDA (Fig. 12.6c) in a separate 
patient was occluded with an Amplatzer vascu-
lar plug 2.
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a

c

b

Fig. 12.6 (a) Sagittal view of type B PDA (b) volume rendered (c) sagittal view of type C PDA
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12.7  Case 12.7

12.7.1  History

A 66-year-old female presented with atypical 
chest discomfort. She was evaluated in the emer-
gency room and found to have normal cardiac 
biomarkers.

12.7.2  Findings

CCTA demonstrated non-obstructive coronary 
disease. She was found to have a secundum atrial 
septal defect with enlargement of the right atrium 
and right ventricle (Fig. 12.7).

12.7.3  Diagnosis

Ostium secundum atrial septal defect.

12.7.4  Discussion

The benefits of CCTA to the cardiologist in this 
setting are numerous. The CT scan allows for 
evaluation of the septal defect anatomy and can 
be used to planning of percutaneous closure. 

It allows for evaluation of associated congenital 
defects (Anomalous pulmonary venous return, 
ventricular septa defects, etc.). It also facilitates 
decisions as to the feasibility of percutaneous 
closure versus surgical intervention (as in the 
case of an ostium primum ASD or sinus venosus 
defect which are usually corrected with surgical 
intervention).

The pairing of CT with transesophageal echo 
helps to plan an effective closure of secundum 
atrial septal defects.

Fig. 12.7 Axial MIP showing ASD
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12.8  Case 12.8

12.8.1  History

An 84-year-old female with significant past med-
ical history of aortic stenosis presented with 
complaints of progressive shortness of breath on 
exertion.

12.8.2  Findings

Severe aortic stenosis with numerous comorbidi-
ties and significant frailty. She was deemed not 
an ideal candidate for surgical aortic valve 
replacement and was referred to transcatheter 
aortic valve replacement (TAVR).

CCTA was performed as part of her evaluation. 
Significant aortic annular calcification was noted 
that extended 2.5 cm into the left ventricle (Fig. 12.8).

12.8.3  Diagnosis

Severe aortic stenosis.

12.8.4  Discussion

Anatomic information regarding the distribution 
and extent of calcification in patients with aortic ste-
nosis aids in choosing an optimal transcatheter aor-
tic valve technology. In this case, it was decided to 
use a self-expanding transcatheter valve technology 
instead of using a balloon expandable transcatheter 
to minimize the risk of disruption of the aortic annu-
lus due to the calcification pattern seen on CT.
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Fig. 12.8 Cardiac CT angiography showing severe nodular aortic annular calcification extending into the left 
ventricle
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12.9  Case 12.9

12.9.1  History

A 67-year-old male presents with new onset chest 
discomfort.

12.9.2  Findings

Coronary angiography demonstrated a saphe-
nous vein graft pseudoaneurysm.

Coronary CTA defined the dimensions of the 
pseudoaneurysm that developed from the proxi-
mal segment a saphenous vein bypass conduit 
(Fig. 12.9b).

12.9.3  Diagnosis

Expanding saphenous vein graft pseudoaneu-
rysm (Fig. 12.9c).

12.9.4  Discussion

Invasive angiography demonstrated the exis-
tence of a saphenous vein graft pseudoaneu-
rysm, but did not define well the expansion that 
had occurred over the 2-year interval between 
the invasive angiograms. Invasive angiography 
is limited in its nature to define a pseudoaneu-
rysm as it provides a “luminogram” of the 
lesion. Lesions such as this saphenous vein 
graft pseudoaneurysm benefit from imaging 
using CCTA to better determine their true size 
and interval changes that may cause symptoms 
and require invasive therapy. Coronary CTA 
was also performed and clearly demonstrated 
the expansion of the saphenous vein graft pseu-
doaneurysm that had occurred in the 2-year 
interval (Fig. 12.9a, b). This patients pseudoan-
eurysm was subsequently treated percutane-
ously (Fig. 12.9d).
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a b

c d

Fig. 12.9 (a) Axial view of PSA (b) axial view of PSA—2-year follow-up (c) volume rendered (d) coronary angio-
gram showing coils
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12.10  Case 12.10

12.10.1  History

A 63-year-old female past medical history of 
severe three vessel coronary artery disease (CAD) 
and mixed valvular disease presented with pro-
gressive shortness of breath on exertion.

12.10.2  Findings

CCTA confirmed diagnosis of severe three vessel 
CAD with patent bypasses by cardiac catheter-
ization with mixed valvular disease with severe 
mitral stenosis (Fig. 12.10a, b). Transesophageal 
echo demonstrated mitral mean gradient of 
10 mmHg as well as severe mitral regurgitation. 
Also, patient had severe ascending aortic calcifi-
cation shown on CCTA (Fig. 12.10c).

12.10.3  Diagnosis

Severe coronary artery disease, severe ascending 
aortic calcification with severe symptomatic 
mitral valvular disease: mitral stenosis, mitral 
regurgitation.

12.10.4  Discussion

Three years prior to presentation, patient under-
went coronary artery bypass to address her coro-
nary artery disease. Due to patient’s severe 
ascending aortic calcification and severe mitral 
annular calcification, which extended into the 
posterior left ventricular wall, only off-pump 
coronary bypass was performed without surgical 
correction of the mitral disease. In the 3 years 
since the CABG, an attempt had been made to 
treat her valvular congestive heart failure with 
maximal medical therapy, but was unsuccessful. 
She was evaluated by our Heart Team for addi-
tional therapeutic options.

After being evaluated by our Heart Team and 
various other heart surgical programs, patient 
was deemed inoperable due to the extent of aortic 
calcification and the inability to cross clamp the 
aorta. She was offered the option of a transcath-
eter aortic valve to be placed in the native mitral 
position. The CT scan was used to plan the size of 
the valve to be used as well as to define the pat-
tern of mitral calcification. The left ventricular 
outflow tract (LVOT) dimensions were also eval-
uated by the CCTA. LVOT obstruction can occur 
with transcatheter implantation of an aortic valve 
in the native mitral position.
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a

b c

Fig. 12.10 (a) CCTA views showing heavy annular calcification of the mitral valve. (b) Sagittal MIP of mitral valve 
(c) sagittal MIP of calcified ascending aorta
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12.11  Case 12.11

12.11.1  History

A 67-year-old female with progressive shortness 
of breath on exertion.

12.11.2  Findings

Transesophageal echocardiography demon-
strated severe para-valvular regurgitation of a 
previously implanted surgical bioprosthetic 
mitral valve.

CCTA was used to define the para-valvular 
leak dimensions.

12.11.3  Diagnosis

Decompensated heart failure due to severe mitral 
para-valvular regurgitation.

12.11.4  Discussion

In the planning of a percutaneous closure of a 
para-valvular leak closure the use of CCTA 

allows for sizing of the defect. It also allows for 
determination of the proximity of important sur-
rounding structures. Determination of the size of 
the device to be used to close the leak can also be 
facilitated by CCTA as demonstrated in 
Fig. 12.11a. In this case, a large PDA Amplatzer 
occlude device was used to close the leak 
(Fig. 12.11b). Acquisition of a retrospective 
gated CCTA allows for sizing of the defect’s 
maximum dimensions (the sizes of the defect 
changes during the cardiac cycle).

Fig. 12.11 (a) Sagittal MIP of mitral valve. (b) Volume 
rendered
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Cardiac CTA: Electrophysiology

John J. Lee, Rishi Anand, and Daniel Weitz

Cardiac computed tomography angiogram 
(CCTA) has evolved from a simple structural 
assessment tool to a key instrument used for 
complex ablation procedures in clinical cardiac 
electrophysiology. CCTA’s fast acquisition and 
better image resolution allow for precise ana-
tomic assessment that increases the efficacy and 
safety of these procedures.

CCTA has become integral in preparing for 
left atrial-based electrophysiology (EP) 
 procedures, such as atrial fibrillation (AF) abla-
tion. The cornerstone of AF ablation procedures 
is application of radiofrequency energy in a wide 
circumferential manner around the antrum of the 
pulmonary veins. Prior to insertion of catheters 
into the left atrium, it is essential to assess the 

number of pulmonary veins present, the presence 
of common pulmonary vein antrums, and the 
presence of potentially impending structures 
such as left atrial diverticula and the presence of 
cor triatriatum. In addition, in preparation for AF 
ablation in patients who had previous left atrial 
ablation, it is mandatory to assess for iatrogenic 
pulmonary vein stenosis. Evaluation of these 
structures is performed with volume rendering 
into a three-dimensional (3D) reconstruction. 3D 
CT images are reconstructed and vascular and 
coronary structural images are segmented away 
until pulmonary venous and left atrial anatomies 
are isolated for a more focused evaluation.

The left atrial anatomy includes a venous por-
tion that receives the PVs, which encloses a left 
atrial dome, a vestibule that conducts to the mitral 
valve, the left atrial appendage (LAA) and inter-
atrial septum [1]. The left atrium (LA) is also 
closely examined to assess for its size and for the 
presence or the absence of thrombus [1, 2]. In 
addition, the esophagus can be included in the 3D 
rendering to note its proximity to the posterior 
aspect of the pulmonary veins [2]; Avoidance of 
direct energy application to areas abutting the 
esophagus can prevent atrial-esophageal fistulas.

These images and the dataset are then trans-
lated to intra-procedure electro-anatomic mapping 
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systems, such as the CARTO mapping system 
(Biosense Webster, Diamond Bar, CA, USA) and 
the Endocardial Solutions, Inc. (ESI). By super-
imposing images from CCTA on the electro- 
anatomical imaging created with the mapping 
systems, it helps to precisely map PVs and guide 
ablation catheters to target locations (i.e., the PV 
angle of insertions, size) [3, 4]. These modalities 
can in turn facilitate localization of anatomic 
structures and track intracardiac instruments and 
the ablation lesion set, effectively decreasing the 
procedure and fluoroscopy time [2].

In addition to functions described above, 
CCTA can be used to check for possible compli-
cations following EP procedures such as pulmo-
nary vein stenosis. This chapter will use clinical 
cases with images to demonstrate and further 
explain CCTA application in EP procedures.

13.1  Case 13.1

13.1.1  History

A 72-year-old male with paroxysmal atrial fibril-
lation, despite being on propafenone 300 mg 
three times a day and carvedilol 20 mg. CCTA 
performed for pre-ablation planning.

13.1.2  Findings

The left atrium (LA) appears dilated measuring 
in the range of 4.3 cm. There is no visualized 
thrombus in the left atrial appendage (Fig. 13.1a).

There is a common trunk from the right upper 
and middle lobes draining anterosuperiorly into 
the left atrium. There is a draining venous trunk 
from the right lower lobe into the inferoposterior 
right side of the left atrium. There is a common 
draining trunk from the left upper lobe into the 
anterosuperior aspect of the left atrium and the 
left lower lobe venous trunk draining into the 
inferoposterior aspect of the left atrium 
(Fig. 13.1b, c).

There is no pericardial effusion and no dila-
tion of the aortic root or the pulmonary arterial 
trunk.
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Fig. 13.1 (a) Volume rendered-left atrium (b) MIP axial- 
superior vein (c) MIP axial-inferior vein (d) volume 
rendered- left atrium (e) 3D fast anatomical mapping 

(FAM) posterior anterior view (f) 3D FAM left anterior 
oblique CT: Pre-Isolation (g) 3D FAM left anterior 
oblique CT: Isolation (h) 3D FAM right CT

a b

c d
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e

f

Fig. 13.1 (continued)
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g

h

Fig. 13.1 (continued)
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13.1.3  Diagnosis

Normal anatomic features of the pulmonary 
venous trunks draining into the left atrium.

13.1.4  Discussion

Although, there are three lobes in the right lung 
and two in the left lung, the right middle and the 
superior lobar veins join together, and, most 
commonly, two pulmonary veins (PV) from each 
lung drain into the left atrium [1]. Other anatomi-
cal variations include:

 1. The three right lobar veins could remain sepa-
rate. Such information can be useful to ensure 
that all PVs are electrically isolated [1].

 2. The two left PVs may form a single trunk. 
This single trunk usually has a larger ostium. 
A larger ostium can allow limited lesion appli-
cation at the ostium with greater confidence in 
avoiding pulmonary vein stenosis [1].

 3. An accessory lobar vein from each lobe can 
join and augment the two left PVs. On the con-
trary, this accessory lobar trunk has a smaller 
ostium. This accessory vein and its small 
ostium should be noted before the procedure to 
ensure that all PVs are electrically isolated and 
to avoid pulmonary vein stenosis [1].

Left atrial size is also evaluated with 
CCTA. The enlargement of the LA can estimate 
the duration and the difficulty of the ablation pro-
cedure; it is also a risk factor for stroke and atrial 
fibrillation before and after the procedure [5, 6]. 
In the AFFIRM study, large transthoracic echo-
cardiographic LA sizes were associated with 
recurrent AF (HR = 1.21, 1.16, and 1.32 for mild, 
moderate, and severe enlargement, respectively) 
[7]. Moreover, according to the substudy of the 
ENGAGE AF-TIMI 48 trial, there were strong 
correlations between increasing abnormalities of 
LA structure and function with greater burdens of 
AF and higher CHADS2 score, an estimate of 
stroke risk [8].

13.1.5  Pearls and Pitfalls

Radiofrequency ablation to modify the atrial 
myocardial substrate should be considered for 
patients with atrial fibrillation refractory to 
conventional pharmacological therapy [9]. 
CCTA could provide crucial information prior 
to the EP procedure, by demonstrating patient’s 
coronary anatomy for the pre-procedural 
guideline.

13.2  Case 13.2

13.2.1  Findings

Intra-operative imaging for EP procedure:
Figure 13.1d is an image of a left atrium vol-

ume rendered from a preoperative CT. Four pul-
monary veins and a left atrial appendage are 
visualized in this figure.

Figure 13.1e is a 3D Fast Anatomical Mapping 
(FAM) reconstruction (left) with a synchronized 
posterior-anterior view of the CT (right). Note 
that an esophagus has been reconstructed with 
the same technique to delineate its location rela-
tive to the posterior wall of the LA.

Figure 13.1f is again a 3D FAM with the cor-
responding left anterior oblique (LAO) CT. In 
this figure, an ablation catheter is shown pointing 
anteriorly and superiorly (note the vector) on a 
carina between a left inferior pulmonary vein 
(LIPV) and a left superior pulmonary vein 
(LSPV). An electrical activity sensing catheter is 
also visualized inside the LIPV. The local intra-
cardiac electrograms inside the pulmonary veins 
show electrical activity.

Figure 13.1g shows an electrical isolation of 
the LIPV. Here, we can see that there is no elec-
trical activity on the local intracardiac electro-
grams while the catheter is in the LIPV. The blue 
dot is used as a location marker for the electro- 
anatomical location of an applied lesion where 
complete electrical isolation was achieved.

Figure 13.1h is a right posterior view of the 
3D FAM and a corresponding CT. This real-time 
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graph view allows us to monitor the force applied 
as the distal tip of the catheter, impedance, tem-
perature, and power throughout the ablation.

13.2.2  Diagnosis

Successful pulmonary vein isolation without 
complications.

13.2.3  Discussion

The electrophysiologist can utilize this 3D recon-
struction to safely maneuver the catheter inside 
the heart and precisely locate the ablation points.

There is a thin layer of fat, insulating the pos-
terior wall of the LA from the anterior esophagus 
[10]. This relationship between the left atrium and 
the esophagus is carefully evaluated before the 
procedure and monitored during the procedure to 
avoid esophageal injury during the procedure.

During a post-op follow-up visit, patient 
reported feeling well and no longer having any 
symptoms of atrial fibrillation. Patient is active 
with no exertional symptoms and no shortness of 
breath.

13.2.4  Pearls and Pitfalls

A careful, efficient intra-operative maneuvering 
of the ablation catheter is possible with the CCTA 
reconstruction superimposed with the CARTO, 
3D electro-anatomic and non-fluoroscopic system 

[11]. This has increased the safety of the proce-
dure while cutting down both the procedure and 
fluoroscopy times.

13.3  Case 13.3

13.3.1  History

A 56-year-old male with history of AF, status 
post ablation 8 years ago at an outside hospital, 
presented with recurrent AF. Three years ago, 5 
years after his initial ablation, the patient started 
to redevelop symptomatic palpitations and he 
began taking flecainide and metoprolol. Despite 
being on anti-arrhythmic therapy, the patient con-
tinued to complain of palpitations without sig-
nificant shortness of breath.

Upon review of the outside hospital records, 
there were no post-procedure images taken. The 
pre-ablation echocardiogram demonstrated nor-
mal ventricular function and pulmonary pres-
sures. The pre-procedural computed tomography 
(CT) scan along with the three-dimensional (3D) 
reconstruction was done on the procedural table 
prior to the transeptal puncture, but did not pick 
up the pulmonary vein stenosis.

Pulmonary vein potential mapping noted that 
there was a potential at the ostium of the left 
superior pulmonary vein. During the left atrial 
catheter manipulation, the occlusion of the left 
superior PV was discovered, secondary to the AF 
ablation 8 years ago. The procedure was aborted 
for further diagnostic workup.
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13.3.2  Findings

The computed tomography scan (Fig. 13.2a) and 
the left atrium 3D reconstruction (Fig. 13.2b) 
demonstrated subtotal occlusion of the left upper 
pulmonary venous trunk. The lung perfusion 
scan revealed significantly decreased left lung 
perfusion (Fig. 13.2c). The levophase pulmonary 

angiogram demonstrated well-developed collat-
eral circulation from the left upper lobe to the 
mid segment of the left lung and left upper PV 
occlusion. The levophase angiogram of the right 
middle lobe pulmonary arterial system demon-
strated venous return confined to the area of the 
lung supplied by the arterial vasculature 
(Fig. 13.2d and e, respectively).

a

d e

c

b

Fig. 13.2 (a) Axial MIP (b) volume rendered (c) lung perfusion scan (d) left pulmonary angiogram. Arrow indicating 
collateral (e) right pulmonary angiogram
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13.3.3  Diagnosis

Pulmonary vein stenosis on the LSPV.

13.3.4  Discussion

The patient’s asymptomatic PV stenosis is likely 
secondary to compensatory hemodynamic adap-
tations via a well-developed collateral circula-
tion. The patient has remained asymptomatic 
since the incidental finding of PV stenosis and no 
further attempts at AF ablation have been 
undertaken.

13.3.5  Pearls and Pitfalls

The frequency of PV stenosis, a well-established 
possible complication following an AF ablation 
of pulmonary veins, has been declining due to the 
improvement of technique. However, depending 
on the technique and diagnostic modalities used, 
PV stenosis occurs as often as 40% of patients 
who underwent AF ablation [12].

PV stenosis acquired after AF ablation var-
ies in severity from asymptomatic to nonspe-
cific symptoms including persistent cough, 
hemoptysis, and exertional dyspnea [13]. 
Given these nonspecific clinical symptoms, 
physicians should be highly suspicious of the 
diagnosis of PV stenosis in post-ablation 
patients, and further evaluate patients with 
multiple imaging modalities. In most cases of 
PV stenosis, including severe cases, clinical 
symptoms improve without intervention sec-
ondary to the compensatory hemodynamics 
[12]; only about 22% of severe PV stenosis, 
defined as more than 50% luminal occlusion, 
required intervention [14]. Further supporting 
the compensatory mechanism, absent perfu-
sion on lung perfusion scan is indicative of 
pulmonary artery to systemic collaterals, 
which in our case is further demonstrated by 
the pulmonary angiogram (Fig. 13.2d) [15, 
16]. Patient undergoing repeat AF ablation 
should undergo a CCTA to further evaluate the 
possibility of PV stenosis preoperatively.
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Transcatheter Aortic Valve 
Replacement Planning

Tariq A. Hameed

14.1  Transcatheter Aortic Valve 
Replacement

Severe stenosis of aortic valve is associated with 
high morbidity and there is high mortality in 
untreated symptomatic patients. Severe aortic 
stenosis is treated by surgical replacement of aor-
tic valve. However, many patients are poor surgi-
cal candidates due to other comorbidities. In 
these patients, the replacement of aortic valve by 
transcatheter procedure is also a treatment option 
with improved outcomes compared to medical 
treatment.

Transcatheter aortic valve replacement 
(TAVR), also called transcatheter aortic valve 
implantation (TAVI), involves placement of a 
bioprosthetic aortic valve within the native dis-
eased aortic valve (Fig. 14.1a–f). The crimped 
prosthetic valve contained within a sheath is 
advanced into the native aortic valve via a cathe-
ter over a guide-wire during fluoroscopic guid-
ance. Following appropriate alignment and 
positioning, the valve is expelled out of the sheath 
and depending on the type of valve, allowed to 
expand or expanded over a balloon within the 
native aortic valve apparatus. The prosthetic 
valve is anchored in surrounding tissues with the 

native aortic valve leaflets displaced or some-
times crushed against the walls of the aortic root.

Two commonly used types of bioprosthetic 
valves are:

• Balloon-expandable Edwards valves (Edwards 
Lifesciences, Irvine, CA) including Sapien, 
Sapien XT, and Sapien 3 (Fig. 14.2a, b).

• Self-expandable Medtronic CoreValve system 
(Fig. 14.2c) including CoreValve and Evolut 
R (Medtronic, Minneapolis, MN).

The transcatheter heart valve (THV) is usually 
implanted via transfemoral approach (Fig. 14.3a), 
which is preferred due to lower risk of potential 
complications. This requires appropriate caliber 
of access vessels such as iliac arteries and aorta to 
accommodate the sheath with the valve. Less tor-
tuous course of access vessels is desirable as 
severe tortuosity limits catheter maneuverability 
during valve implantation. In patients whose ilio-
femoral arterial anatomy is unfavorable, other 
approaches are utilized, which include transapi-
cal approach via left ventricular apex (Fig. 14.3b–
d), direct aortic approach via ascending aorta 
(Fig. 14.3e–g), and trans-axillary or subclavian 
arterial approach.

Pre-TAVR workup of patients includes evalu-
ation with multiple imaging modalities including 
echocardiography, catheter angiography, and 
computed tomography (CT). The prosthetic 
valves for TAVR come in a specific variety of 
sizes and accurate determination of aortic valve 
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Fig. 14.1 (a) Valve in sheath (b) Valve on partially expanded balloon (c) Valve on expanded balloon (d–f) Angiogram 
of transcatheter valve deployment

a

b

c
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d

f

e

Fig. 14.1 (continued)
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a

c

b

Fig. 14.2 (a) Sapien 3 side view (b) Sapien 3 leaflet view (c) CoreValve 26 mm (a, b used with permission by Edwards 
Lifesciences LLC, Irvine, CA. c is used with permission by Medtronic © 2016)

T.A. Hameed



385

a

c d

f g

b e

Fig. 14.3 (a) Commander Edwards valve via transfemo-
ral approach (b) Certitude Edwards valve via transapical 
approach (c, d) Angiogram of transapical approach (e) 
Certitude Edwards trans-aortic approach (f, g) Angiogram 
of trans-aortic approach. (a, b, e are used with permission 

by Edwards Lifesciences LLC, Irvine, CA. Edwards, 
Edwards Lifesciences, CERTITUDE, COMMANDER, 
Edwards SAPIEN, SAPIEN, SAPIEN XT, and SAPIEN 3 
are trademarks of Edwards Lifesciences Corporation)
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size for transcatheter replacement is of critical 
importance as a larger than appropriate size may 
cause annulus rupture during valve implantation 
or a small valve-size may lead to valve 
 embolization or post-procedure para-valvular 
leak. Although echocardiography (including 
trans- esophageal technique) and catheter angiog-
raphy are also used for the assessment of aortic 
valve size, CT is able to provide more accurate 
estimate of size as the aortic valve annulus is 
more commonly oval or elliptical than circular, 
which is better evaluated with 3-D capability of 
CT imaging compared to 2-D techniques.

CT is also utilized for evaluation of other fea-
tures of aortic root morphology such as the pres-
ence of tri-leaflet versus bicuspid valve, which 
may make the procedure challenging for appro-
priate alignment of the prosthetic valve during 
implantation. Assessment of the amount and dis-
tribution of calcifications in aortic valve is impor-
tant as asymmetric distribution or inferior extent 
of calcifications into the ventricular outflow tract 
may lead to higher risk of post-procedure aortic 
valve regurgitation or para-valvular leak. CT 
evaluation of the height of coronary artery ostia 
from the level of annulus plane and the size of 

native valve leaflets is important to assess the risk 
of coronary artery occlusion due to displaced 
leaflets of native valve or potential superimposi-
tion of prosthetic valve. As the CoreValve is lon-
ger and extends from the left ventricular outflow 
tract (LVOT) to ascending aorta, minimum diam-
eter and height of aortic sinus to accommodate 
the valve size is assessed by CT and the size of 
ascending aorta and sinotubular junction (STJ) is 
evaluated to exclude an aneurysm. CT images of 
aortic root are also used to predict appropriate 
fluoroscopy tube angle for visualization of aortic 
annulus plane for TAVR procedure.

The caliber, calcifications, and tortuosity of 
access vessels are assessed by CT for feasibility 
of transfemoral or, if necessary, subclavian artery 
approach. The amount and irregularity of athero-
sclerotic plaque or the presence of thrombi in 
aortic arch is evaluated for potential risk of cere-
bral embolization during catheter manipulation. 
CT is also used to assess the length of ascending 
aorta and calcifications in its wall for feasibility 
of direct trans-aortic approach via mini- 
thoracotomy as short ascending aorta or large 
amount of calcifications may preclude safe 
access.

T.A. Hameed
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14.1.1  CT Imaging for Pre-TAVR 
Planning

CT angiography (CTA) examination of the thorax, 
abdomen, and pelvis is performed. This includes 
helical ECG-gated CTA data acquisition of the 
thorax in the arterial phase following intravenous 
(I.V.) contrast administration (using bolus trigger-
ing or timing run in the ascending aorta) for the 
assessment of aortic root and thoracic aorta. CTA 
examination of the abdomen and pelvis for abdom-
inal aorta and iliofemoral arteries is usually 
obtained by a separate helical acquisition without 
ECG gating. The total intravenous contrast dose is 
variable for the two examinations depending on 
the scan duration, usually 100–120 mL.

14.1.2  Image Reconstructions

CT images of chest with ECG synchronization 
are reconstructed in the cardiac systolic phase 
(20–35% R-R interval) to obtain maximum size 
of the aortic valve annulus. The maximum annu-
lus size has been reported to correlate with 
images at 20% R-R interval. Using the acquired 
dataset, multiplanar reformats and 3-D images 
are obtained for pre-procedure assessment of 
TAVR (Cases 1–5).

14.1.3  CT Angiography with low 
contrast dose

(<13 G iodine or less than 35 mL I.V. contrast 
with 370 mg/100 mL iodine concentration): 

Many patients with severe aortic stenosis 
being evaluated for TAVR have comorbidities 
including reduced renal function which places 
them at high risk of contrast induced nephrop-
athy (CIN). In these patients, CT techniques 
can be utilized to reduce their exposure to 
iodinated contrast and CTA may be performed 
with very small doses of I.V. contrast. The 
diagnostic image quality with small contrast 
doses is achieved by optimizing different 
aspects of CT imaging and higher density of 
enhancement is primarily achieved with the 
use of 80 Kilovoltage Peak (KVp) technique 
as the mean energy of 80 KVp X-ray beam 
matches closely with the absorption k-edge of 
iodine, thereby producing higher attenuation 
for a given concentration and volume of iodin-
ated contrast (Fig. 14.4a, b). Higher image 
noise associated with 80 KVp imaging may be 
reduced by corresponding increase in tube 
current or by the use of newer image recon-
struction techniques such as model-based iter-
ative reconstruction (Fig. 14.4c). Timing bolus 
run to determine the arrival of contrast in the 
aorta is then used to plan for peak contrast 
enhancement at the time of imaging. CTA 
examination of chest is performed with ECG 
synchronization and the imaging can be con-
tinued to include abdomen and pelvis with the 
same small volume contrast injection or a sep-
arate non-gated examination may be obtained 
with a second injection of small contrast dose 
(Cases 6–8).

a b c

Fig. 14.4 Attenuation of iodinated contrast with differ-
ent kilovoltage (a) 120 KVp image (HU) (b) 80 KVp 
image with higher attenuation and increased noise (SD) 

using hybrid image reconstruction (c) 80 KVp image 
(same as b) with reduced noise using model-based image 
reconstruction
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14.2  Case 1

14.2.1  History

An 88-year-old with severe aortic stenosis for 
pre-TAVR evaluation.

14.2.2  Findings

Standard helical cardiac/chest CT imaging with 
intravenous contrast dose of 57 mL was per-
formed on a 256-slice scanner with a bolus trig-
gering at 150 HU with ROI in ascending aorta. 

Images were reconstructed at 20% and 25% RR 
interval. Images in true transverse plane at 
select levels demonstrate the size of aortic valve 
annulus, sinus of Valsalva, STJ, and LVOT 
(Figs. 14.5 and 14.6). Image at the level of 
valve leaflets shows tri-leaflet configuration 
with moderate calcification. Coronal images 
with the left and right coronary arteries in pro-
file at origin show the height of ostia from the 
level of aortic annulus (Fig. 14.7). Figure 14.8 
shows reference levels for the transaxial 
images. The mean diameter of the annulus, and 
the effective diameter calculated from perime-
ter as well as area is 28.6 mm.

Fig. 14.5 Transverse images (left-right) of annulus, sinus of Valsalva, STJ, and LVOT
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Fig. 14.6 Transverse images (left-right) of annulus, sinus of Valsalva, STJ, and LVOT with markings

a b c

Fig. 14.7 (a) Axial image of ascending aorta and coronal images (b, c) showing coronary arteries
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14.2.3  Discussion

The size of aortic annulus is measured on true 
transverse image which is acquired orthogonal 
to the long axis through the aortic annulus by 
first obtaining oblique coronal (Fig. 14.9) and 
oblique sagittal (Fig. 14.10) images passing 
through the center of the annulus. The measure-
ment is made at the level of inferior attachment 
of the valve leaflets (Fig. 14.11). The long and 

short axis diameters of the annulus are mea-
sured at this level to obtain mean diameter. 
Effective diameter may be calculated from the 
perimeter or by obtaining the area of the lumen 
at the level of annulus by planimetry. Since the 
annulus is usually oval or elliptical, the diame-
ter derived from area has been shown to match 
more closely with the appropriate valve size 
selection for the procedure. Similarly, transax-
ial images are obtained at other levels orthogo-
nal to the long axis derived from oblique sagittal 
and coronal images (Figs. 14.12, 14.13, 14.14, 
and 14.15). For coronary ostium height from 
the annulus, a coronal image passing through 
the ostium of coronary artery is obtained using 
the transverse image at the level of coronary 
artery and the distance is measured from annu-
lus plane (Fig. 14.16, 14.17, 14.18, and 14.19). 
During the THV placement, optimal angio-
graphic projections perpendicular to the plane 
of native aortic valve are needed. CT can be 
used to predict the optimal angiographic angle. 
Figures 14.20 and 14.21 show the reference 
image of aorta and curve generated by com-
puter software using the annulus plane to pre-
dict the appropriate fluoroscopic tube angle 
during angiography for TAVR procedure for 
projection perpendicular to the valve plane for 
appropriate valve positioning thereby reducing 
the contrast use and procedure time. This 
patient was treated with transfemoral implanta-
tion of 29 mm Sapien 3 valve (Fig. 14.22).

Fig. 14.8 Reference coronal image depicting levels of 
transaxial images
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Fig. 14.9 Oblique coronal image to select appropriate 
plane for transverse image of aortic annulus

Fig. 14.10 Oblique sagittal image to select appropriate 
plane for transverse image of aortic annulus

Fig. 14.11 Transverse image of aortic annulus derived 
from Figs. 14.9 and 14.10

Fig. 14.12 Transaxial image of sinus of Valsalva
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Fig. 14.13 Transaxial 
image of sinotubular 
junction
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Fig. 14.14 Transaxial image of ascending aorta
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Fig. 14.15 Transaxial image of aorta at the level of LVOT
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Fig. 14.16 Transaxial image at the level of LMCA
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Fig. 14.17 Coronal image of aorta to assess height of 
ostium of LMCA (derived from Fig. 14.16)

Fig. 14.18 Sagittal image at the level of LMCA

Fig. 14.19 Coronal image showing LMCA ostium 
height from the level of annulus
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Fig. 14.20 Computer 
software generated curve 
predicting the 
appropriate fluoroscopic 
tube angle

Fig. 14.21 3D Volume rendered image of aortic root and 
ascending aorta showing the annulus plane corresponding 
to Fig. 14.20

Fig. 14.22 Angiogram during implantation of Sapien 3 
29 mm valve via transfemoral approach
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14.2.4  Pearls and Pitfalls

Transaxial image of aortic valve annulus is easier 
to acquire by first obtaining transverse view of 
aortic valve leaflets at mid sinus level with the 
three leaflets symmetrical in appearance, and by 
making adjustments to the sagittal oblique and 
coronal oblique images to find the appropriate 
longitudinal axis through the valve. The trans-
verse plane may then be moved inferiorly along 
the long axis to the level of inferior hinge point of 
the leaflets for annulus image.

14.3  Case 2

14.3.1  History

CT examinations performed in patients with 
severe aortic stenosis for pre-TAVR evaluation.

14.3.2  Findings

Contrast enhanced CT angiography examinations 
for evaluation of iliofemoral access.

Figure 14.23a–d: There is mild to moderate 
tortuosity of right iliac arteries and mild tortuos-
ity of left iliac arteries. Transaxial image of the 
iliac artery demonstrates normal caliber and no 
vascular calcifications.

Figure 14.24a, b: There is relatively small 
caliber of the iliac artery with circumferential 
calcification.

Figure 14.25a–d: There is large calcified 
plaque with severe stenosis of distal aorta and 
common iliac arteries.

Figure 14.26a, b: There is severe tortuosity of 
aorta and iliac arteries.

Diagnosis:
CT examinations in different patients demon-

strate normal and abnormal appearances for the 
evaluation of risk of vascular complications for 
TAVR procedure by iliofemoral route.

T.A. Hameed
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a

d

b

c

Fig. 14.23 (a) Volume rendered image of aorta and iliac arteries (b) Right common iliac reference image (c) Transaxial 
image of right external iliac artery (d) Right external iliac reference image
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a b

Fig. 14.24 (a, b) Iliac artery with circumferential calcification luminal diameter of 5.66 mm

a b

c d

Fig. 14.25 Axial images (a–d) and Coronal Image (e) showing large calcified plaque with severe stenosis of distal 
aorta and common iliac arteries
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14.3.3  Discussion

A variety of image reformats are acquired to opti-
mally assess the aorta and iliac arteries. These 
include curved multiplanar reformats with transaxial 
images using centerline reformats, MIP and 3D VR.

The size criteria for arterial caliber for safe 
access vary with the type and size of the valve 
and the size of its vascular access device/sheath. 
With recent developments, the size of vascular 
access devices has decreased. Although it is pref-
erable to have the diameter of iliac arteries larger 
than the size of access sheath, the procedure can 
still be performed safely with slight vessel/sheath 
size mismatch over a short distance due to disten-
sibility of normal vessels. This distensibility is 
reduced with diseased vessels with calcifications. 
Circumferential or horse-shoe calcifications 
increase the risk of vascular injury and rupture.

Marked tortuosity of aorta or iliac arteries can 
limit catheter maneuverability for TAVR. This 
becomes more important in patients with severe 
atherosclerotic calcifications with decreased 
vessel compliance or with vessel stenosis. In the 
case presented (Fig. 14.26), the TAVR was per-
formed via transfemoral route.

e

Fig. 14.25 (continued)
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a b

Fig. 14.26 (a, b) Volume rendered images of aorta and iliac arteries showing severe tortuosity
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14.3.4  Pearls and Pitfalls

True transaxial images of the arteries are impor-
tant in the assessment of arterial caliber, particu-
larly in the region of vessel bifurcation or 
tortuosity or in cases of arteries with relatively 
small caliber. The centerline reformats through 
the vessels at bifurcation or tortuosity should be 
carefully scrutinized to ascertain true axial 
images perpendicular to the long axis of the ves-
sels, so as not to over- or underestimate vessel 
size due to obliquity of plane.

The presence of dense arterial calcifications 
can cause difficulty in the assessment of luminal 
size due to similar attenuation of contrast enhanced 
arteries in some cases. Selecting a wide window 
width for display is useful to maximize the differ-
ence between contrast enhanced lumen and calci-
fication in the wall particularly for vessels with 
generally small caliber such as external iliac arter-
ies. Dense calcifications may cause low density 
streaks secondary to beam hardening artifacts.

14.4  Case 3

14.4.1  History

An 84-year-old male patient with severe aortic 
stenosis diagnosed on echocardiography; being 
evaluated for TAVR.

14.4.2  Findings

Figure 14.27: Transaxial images at the level of 
aortic valve cusps reconstructed in the systolic 
phase at 30% R-R interval: There is a bicuspid 
aortic valve (BAV) with fused, small right and 
left coronary cusps with a single raphe corre-
sponding to Type 1 BAV. There is heavy calcifi-
cation in the cusps. Incomplete opening of the 
valve during systole is consistent with severe aor-
tic stenosis. Figure 14.28: Transaxial image at the 
level of the aortic annulus demonstrates a diam-
eter of 31 × 25.3 mm. The area was 607 mm2 with 
effective diameter based on area 27.8 mm. 
Figure 14.29: Intraoperative fluoroscopy/angiog-
raphy images during TAVR procedure demon-
strate placement of a 29 mm Medtronic 
Core-valve just prior to, during, and after expan-
sion in aortic valve. Figure 14.30: Chest X-ray 
showing the implanted CoreValve.
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a

c

b

Fig. 14.27 (a, b, c) Transaxial images at the level of aortic valve cusp showing bicuspid aortic valve and large amount 
of calcifications

Fig. 14.28 Transaxial image at the level of the aortic 
annulus
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a

c

b

Fig. 14.29 Angiogram images of TAVR: Prior to (a), during (b), and after expansion (c) of Core-valve

Fig. 14.30 Chest X-ray after the CoreValve implantation
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14.4.3  Diagnosis

Bicuspid aortic valve with heavy calcification.

14.4.4  Discussion

The bicuspid aortic valve (BAV) presents special 
challenges for transcatheter valve implantation. 
The asymmetric shape and associated fibrotic or 
heavily calcified cusps can lead to abnormal 
expansion or suboptimal alignment of the pros-
thetic valve, which may cause significant aortic 
regurgitation. The detection of BAV may some-
times be difficult on transthoracic echocardiogra-
phy due to calcifications or in patients with large 
body habitus and BAV may initially be diagnosed 
on CT, performed for pre-TAVR valve sizing. 
The data regarding long-term outcomes of TAVR 
in BAV is limited.

14.4.5  Pearls and Pitfalls

The shape of the annulus of BAV is more likely to 
be elliptical than circular and CT is thus particu-
larly important in BAV for accurate sizing for 
prosthetic valve implantation, which currently is 
circular in shape. Pre-TAVR CT can provide ini-
tial diagnosis of bicuspid aortic valve or confir-
mation of findings on echocardiography and also 
provide information regarding the degree of cal-
cifications, which may affect valve alignment.

14.5  Case 4

14.5.1  History

A 98-year-old female with severe aortic valve 
stenosis for pre-procedure CT evaluation for 
TAVR.

14.5.2  Findings

Figure 14.31 demonstrates the height of the 
ostium of left main coronary artery from the level 
of aortic valve annulus measuring 5.6 mm and 
the height of ostium of right coronary measuring 
10.9 mm. The ostium of LMCA is at the level of 
mid portion of sinus of Valsalva on the transaxial 
view (Fig. 14.32) indicating low position.

Images during TAVR demonstrate catheteriza-
tion and opacification of left coronary artery 
(Fig. 14.33) and balloon expansion of the aortic 
valve with the catheter in left coronary artery 
(Fig. 14.34). Figure 14.35 shows the implanted 
aortic valve with patent left coronary artery.

Fig. 14.31 Low ostium of left main coronary artery 
(LMCA)

Fig. 14.32 Transaxial view at the level of mid sinus of 
Valsalva showing the ostium of LMCA
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Fig. 14.33 Angiogram with opacification of left coro-
nary artery

Fig. 14.34 Fluoroscopy image during balloon expansion 
of prosthetic aortic valve with a catheter in LMCA

Fig. 14.35 Angiography image showing the implanted 
aortic valve and patent LMCA
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14.5.3  Diagnosis

Low height of LMCA ostium from the aortic 
valve annulus.

14.5.4  Discussion

The low position of the ostium of the coronary 
artery predisposes it to the risk of occlusion due 
to displaced cusp of the native calcified aortic 
valve during prosthetic valve implantation or 
potentially due to superimposition of the pros-
thetic aortic valve. Coronary ostia height of less 
than 10 mm increases the risk of coronary occlu-
sion which depends on specific type and size of 
prosthetic valve to be implanted. The risk is 
higher with larger size of aortic valve. It is there-
fore important to accurately assess the height of 
coronary artery ostium from the plane of aortic 
valve annulus as these patients may become 
unsuitable for TAVR. In the case above, the 
ostium of left coronary artery was protected dur-
ing the valve implantation by placing a catheter 
into it.

14.5.5  Pearls and Pitfalls

Demonstration of the coronary ostia in appropri-
ate planes on CTA for accurate assessment of 
height helps pre-procedure planning. Depending 
on overall condition and other risk factors for the 
patient, TAVR could be performed by modifying 
the implantation technique.

14.6  Case 5

14.6.1  History

An 80-year-old male with prior history of surgi-
cally placed bioprosthetic aortic valve (25 mm 
SJM Biocor valve); now presenting with valve 
dysfunction with aortic stenosis and regurgitation 
on echocardiography. CT is performed for pre-
TAVR evaluation.

14.6.2  Findings

Cardiac gated CTA images demonstrate pros-
thetic aortic valve (Figs. 14.36, 14.37, 14.38, 
14.39, 14.40, 14.41, 14.42, 14.43, 14.44, and 
14.45).

Figure 14.36 shows images of the valve in 
transaxial plane, generated from oblique coronal 
(Fig. 14.37) and oblique sagittal views (Fig. 14.38).

Figure 14.39 shows inner luminal diameter of 
18 × 17.7 mm for this valve with nominal diam-
eter of 25 mm.

Figures 14.40 and 14.41: The valve posts are 
visualized as hypodense structures; but the leaf-
lets are not visible on CT. The three hyperdense 
structures represent superior margin of the valve 
posts to which the leaflets are attached.

Figures 14.42, 14.43, 14.44, and 14.45: Virtual 
ring drawn around the valve posts at the level of 
superior margin demonstrates a distance of 
2.7 mm to the LMCA ostium.

Fig. 14.36 Transaxial view at the level of bioprosthetic 
valve
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Fig. 14.37 Oblique coronal view with reference axial 
plane through the level of bioprosthetic valve

Fig. 14.38 Oblique sagittal view with reference axial 
plane through the level of bioprosthetic valve

Fig. 14.39 Transaxial view: bioprosthetic valve luminal 
diameter

Fig. 14.40 Transaxial view showing hypodense valve 
posts
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Fig. 14.41 Oblique sagittal showing valve posts

Fig. 14.42 Transaxial view at the level of superior mar-
gin of valve posts

Fig. 14.43 Transaxial view with a virtual ring drawn

Fig. 14.44 Transaxial view with a virtual ring drawn 
with superior margin demonstrating a measured distance 
of 2.7 mm to the LMCA ostium
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14.6.3  Diagnosis

Prosthetic aortic valve with inner luminal diameter 
of 18 × 17.7 mm. The distance of virtual ring at the 
level of superior margin of valve posts from LMCA 
ostium is 2.7 mm which will be at high risk for 
coronary obstruction for valve-in-valve TAVR.

14.6.4  Discussion

Bioprosthetic surgical aortic valves include 
stented and stentless variety. These valves are 
surgically placed at or above the level of native 
annulus. Dysfunction of bioprosthetic valves 
may present with stenosis or regurgitation or both 
and is treated with surgical replacement. TAVR 
with valve-in-valve treatment is performed in 
patients who are at high risk for surgical repair.

The valve-in-valve procedure is associated with 
higher risk of complications which include post-
procedure high trans-aortic gradients, malposition 
of the valve, and coronary obstruction. However, 
the risk of annulus rupture or conduction system 
abnormalities is low, as the annulus may be pro-
tected by the firm ring of the surgical valve.

The diagnosis of dysfunction of surgical aortic 
valve is made by echocardiography. CT is used for 
pre-TAVR planning including the assessment of 
luminal diameter which is different from the nomi-
nal diameter and orientation of the valve, which 
may be tilted from the long axis of aortic root.

The assessment for expected position of dis-
placed cusps of surgical valves relative to coronary 
ostium is also relevant for pre-procedure planning. 
A large size of aortic root is at low risk for coronary 
occlusion. Drawing a virtual ring of anticipated 
THV size at the level of superior margin of the posts 
of the bioprosthetic valve on pre-TAVR CT images 
has been proposed to evaluate the relationship with 
the coronary ostium. A distance of less than 3 mm is 
considered high risk for coronary occlusion and a 
distance greater than 6 mm is at low risk with valve-
in-valve replacement by transcatheter heart valve 
(THV). The risk of coronary occlusion can be 
reduced by low placement of THV or placing a THV 
with smaller diameter to reduce lateral displacement 
of valve posts and leaflets.

Fig. 14.45 Coronal view with reference axial line at the 
level of superior margin of valve posts and LMCA ostium
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14.6.5  Pearls and Pitfalls

The nominal size of the surgical valve commonly 
refers to the outer diameter or sewing ring size, 
whereas the inner luminal diameter is used for 
TAVR size selection. The bioprosthetic valve 
leaflets are not visible by CT. CT can be useful in 
detecting thrombus or calcifications within the 
dysfunctional prosthetic valve.

14.7  Case 6

History: An 88-year-old with severe aortic steno-
sis and decreased renal function; for pre-TAVR 
evaluation CT with low contrast dose.

14.7.1  Findings

ECG-gated helical CTA examination of the chest, 
abdomen, and pelvis performed with total con-
trast volume of 28 mL (Iopamidol 370 mgI/dL) 
with 80 KV technique (Figs. 14.46, 14.47, 14.48, 
14.49, 14.50, 14.51, 14.52, 14.53, 14.54, 14.55, 
14.56, 14.57, 14.58, and 14.59).

Fig. 14.46 80 KVp technique: Bolus timing run with 
1 mL at ascending aorta
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Fig. 14.47 Graph 
generated from bolus 
timing run (Fig. 14.46) 
showing the time of 
contrast arrival in aorta
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Fig. 14.48 80 KVp technique: Bolus timing run with 
2 mL contrast at external iliac arteries
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Fig. 14.49 Graph 
generated from bolus 
timing run (Fig. 14.48) 
showing the time of 
contrast arrival in iliac 
arteries

Fig. 14.50 80 KVp technique with 25 mL contrast: 
Contrast enhanced aortic root at sinus of Valsalva with 
attenuation of 339 HU
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Fig. 14.51 80 KVp 
technique: Contrast 
enhanced iliac arteries 
with attenuation of 210 
HU and 222 HU

Fig. 14.52 Oblique coronal view to select appropriate 
axial plane for aortic annulus

Fig. 14.53 Oblique sagittal view to select appropriate 
axial plane for aortic annulus

Fig. 14.54 Axial image of annulus with borders
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Fig. 14.55 Axial images of: annulus, sinus of Valsalva, sinotubular junction, and LVOT

Fig. 14.56 Measurement images of: ascending aorta, and distance of LMCA and RCA from annulus
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Fig. 14.57 80 KVp technique with 25 mL contrast: 3D 
Volume rendered image of aorta with reference levels

Fig. 14.58 Tricuspid aortic valve with calcification

Fig. 14.59 80 KVp technique with 25 mL contrast. 3D 
Volume rendered image of aorta and iliac arteries
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14.7.2  CT Technique

Timing run 1: 1 mL@3.5/s, saline push 20 mL@3.5/s: 
22 s

Timing run 2: 2 mL@3.5/s, saline push25mL@3.5/s: 
31 s

CT scanner: 4 cm long detector array, 128- channel 
MDCT

Scan coverage: Aortic arch to common femoral 
arteries (Single scan acquisition)

KVp 80
mAs 1260
Scan time 25 s
Scan delay 28 sec

Contrast Injection: 25 mL (10 mL@3/s + 
15 mL@2/s) + saline push 30 mL@2/s

Images demonstrate diagnostic quality exami-
nation with enhancement density > 200 HU in the 
aortic root and iliac arteries (Figs. 14.50 and 
14.51). Images acquired in standard locations 
and planes demonstrate aortic annulus with effec-
tive diameter of 28.4 mm. There is a trileaflet 
valve with moderate calcifications..

The patient was treated by implantation of 
29 mm Sapien 3 valve via transfemoral approach 
(Fig. 14.60). Chest radiograph after TAVR dem-
onstrates the prosthetic valve in place (Fig. 14.61).

Fig. 14.60 Fluoroscopy image during placement of 
29 mm Sapien 3 valve via transfemoral approach

Fig. 14.61 Chest radiograph with transcatheter heart 
valve in place
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14.7.3  Diagnosis

CTA for pre-TAVR planning with low contrast 
dose with good diagnostic quality.

14.7.4  Discussion

The risk of CIN must be considered relative to the 
potential benefits of the contrast enhanced exami-
nation. The risk of CIN is higher with larger con-
trast dose and the CTA examination may thus be 
obtained with as low a contrast dose as possible. 
The goal is to attain adequate contrast enhance-
ment in the aorta and iliac arteries. For a given vol-
ume of contrast, the attenuation is higher with 
80 KV compared to 120 KV. The contrast enhance-
ment in blood vessels also depends on the volume 
and concentration of iodinated contrast. Use of 
bolus timing run helps in determining contrast 
arrival time and expected peak enhancement to 
determine appropriate time to scan (scan delay). 
With standard bolus triggering technique, there is 
a variable scan delay for the scanner to get ready to 
scan, usually around 4–5 s, requiring a larger vol-
ume of contrast to be injected. Bolus timing run to 
determine the time of contrast arrival can be used 
to plan the start of injection more accurately with-
out the need for scan delay after bolus triggering.

14.7.5  Pearls and Pitfalls

The contrast injection duration is selected to be 
close to the scan duration. In order to achieve 
higher attenuation in the aorta, the time to begin 
CT scanning after contrast injection (scan delay) 
should be near the end of contrast bolus train, i.e., 
contrast bolus arrival time + injection duration. 
Due to overall higher attenuation achieved with 
80 KVp, injection rate can be slower (~2 mL/s) 
compared to 4–5 mL/s otherwise used with 
120 KVp imaging. Biphasic injection (3–3.5 mL/s 
followed by 2 mL/s) can be useful in achieving a 
higher initial attenuation which is sustained by a 
slower, longer injection for scan duration.

14.8  Case 7

14.8.1  History

An 85-year-old with severe symptomatic aortic 
stenosis and decreased renal function; for pre- 
TAVR evaluation CT with low contrast dose.
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Fig. 14.62 Scout radiograph—transverse diameter of 
greater than 500 cm at the level of pelvis

14.8.2  Findings

ECG-gated helical CTA examination of the chest, 
abdomen, and pelvis performed with total con-
trast volume of 34 mL with 80 KV technique 
(Figs. 14.62, 14.63, 14.64, 14.65, 14.66, 14.67, 
14.68, 14.69, 14.70, 14.71, 14.72, 14.73, 14.74, 
and 14.75).

Scout image demonstrates a large patient with 
transverse diameter of greater than 500 cm at the 
level of pelvis (Fig. 14.62).

The examination was performed with 80 KVp 
on 8 cm long MDCT detector array (256-slice 
128-channel) CT scanner. Two bolus timing runs 
using 1 and 2 mL in ascending aorta and in femo-
ral arteries demonstrate time of contrast arrival at 
17 s and 23 s, respectively (Figs. 14.63 and 
14.64).

Two separate sets of CT images through the 
chest (ECG gated) (Figs. 14.65, 14.66, 14.67, 
14.68, 14.69, and 14.70) and abdomen/pelvis 
(Figs. 14.71, 14.72, 14.73, 14.74, and 14.75) 
(without ECG gating) were acquired using 15 mL 
for chest and 16 mL for the abdomen and pelvis, 
respectively. CTA images through the chest are of 
adequate quality showing the aortic annulus area 
of 584 mm2 (Fig. 14.70). There is moderate calci-

fication in the aortic valve (Fig. 14.69). 3D VR 
image shows no significant tortuosity of thoracic 
aorta (Fig. 14.70).

The CTA images through lower abdomen and 
pelvis (Figs. 14.71, 14.72, 14.73, and 14.74) 
demonstrate good diagnostic quality with normal 
size of aorta and iliac arteries without significant 
plaque or tortuosity (Fig. 14.75).
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Fig. 14.64 80 KVp, 2 mL contrast. Timing run—in femoral arteries

Fig. 14.63 80 KVp, 1 mL contrast. Timing run—in ascending aorta
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Fig. 14.65 Oblique coronal view for selection of aortic 
annulus plane

Fig. 14.66 Oblique sagittal view for selection of aortic 
annulus plane

Fig. 14.67 KVp 80, mAs 1650, ECG gated: 15 mL con-
trast for chest. Aortic valve annulus

Fig. 14.68 Aortic annulus area measured with annulus 
area of 583.75 mm sq
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Fig. 14.69 Aortic Valve with moderate calcification

Fig. 14.70 80 KVp, 15 mL contrast. 3D VR: thoracic 
aorta

Fig. 14.71 80 KVp, 16 mL contrast for abdomen and 
pelvis: axial image, infrarenal aorta, metallic hardware in 
spine

Fig. 14.72 Axial image: Adequately enhanced common 
iliac arteries

Fig. 14.73 Axial image: Adequately enhanced external 
iliac arteries
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Fig. 14.74 Axial 
image. Adequately 
enhanced femoral 
arteries

Fig. 14.75 KVp 80, mAs 1500, Non-gated. 16 mL con-
trast. 3D VR. Abdominal aorta without tortuosity and 
mild to moderately tortuous iliac arteries
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14.8.3  Diagnosis

CTA with adequate quality for pre-procedure 
evaluation of TAVR with low contrast dose.

14.8.4  Discussion

The patient is of large size and has metallic hard-
ware in the spine. Factors affecting contrast 
enhancement in aorta include patient size and 
there is decreased enhancement with higher body 
mass index (BMI). Use of imaging with 80 KV 
will increase the contrast enhancement for a 
given contrast dose. However, low KV is associ-
ated with higher noise, which is to be compen-
sated by increasing the tube current by several 
fold and this can become a limiting factor partic-
ularly in large patients. ECG-gated imaging 
requires even higher tube current for optimal 
image quality compared to non-gated imaging. In 
this case with large patient size and imaging with 
80 KVp, there is high noise in the ECG-gated 
images. However, as CTA utilizes high contrast 
resolution, diagnostic quality can still be obtained 
with relatively high noise compared to low con-
trast resolution needed for imaging of viscera or 
other extravascular soft tissues.

For the second set of images through the abdo-
men and pelvis, a high tube current (1500 mAs) 
was possible due to non-gated imaging over a 
shorter distance (abdomen and pelvis compared 
to combined chest, abdomen, and pelvis) which 
is able to provide good image quality with low 
noise (<25 HU) even with large patient size and 

metal in spine. Adequate density of contrast 
enhancement in the arteries was achieved with 
only 15–16 mL contrast due to 80 KV and opti-
mal timing using bolus timing run.

14.8.5  Pearls and Pitfalls

Image noise is decreased with higher tube current 
for a given tube voltage. Newer image recon-
struction techniques utilizing iterative techniques 
and iterative model based reconstruction are very 
helpful in reducing noise. The image noise can 
also be reduced with the use of a smooth filter 
(soft tissue) compared to a high resolution filter 
(cardiac), which may not be necessary in case of 
imaging of large vessels such as aorta.

14.9  Case 8

14.9.1  History

A 77-year-old with failed prosthetic aortic valve 
and decreased renal function for pre-TAVR eval-
uation CT with low contrast dose.

14.9.2  Findings

CTA performed with a total of 28 mL intravenous 
contrast dose using two separate image acquisi-
tions demonstrates adequate image quality for 
assessment of aortic root including the biopros-
thetic valve and aorta and iliac arteries.
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14.9.3  Technique

Two timing bolus runs using 1 mL contrast each 
were performed. Two separate contrast injections 
using 17 mL and 9 mL contrast were used for two 
separate CT imaging through chest (ECG gated) 
and abdomen/pelvis (non-gated), respectively.

Timing run 1: 1 mL@3.5/s, saline 20 mL@3.5/s: 18 s
Timing run 2: 1 mL@3.5/s, saline 25 mL@3.5/s: 23 s

CTA Chest:
Helical ECG gated
KVp 80
mAs 1525
Scan time 5 s
17 mL (7 mL@3.5/s, 10 mL@2/s) + NS 30 mL@2/s

CTA Abdomen and Pelvis:
Helical non-gated
KVp 80
mAs 615
Scan time 5 s
Contrast: 9 mL (3 mL@3/s, 6 mL@2/s) + NS 

20 mL@2/s

The images demonstrate adequate image qual-
ity with density of greater than 200 HU in the 
aortic root (Figs. 14.76, 14.77, 14.78, 14.79, 
14.80, 14.81, 14.82, 14.83, 14.84, 14.85, 14.86, 
and 14.87). The density in iliac arteries is less 
than 200 HU but adequate for diagnosis. There is 
bioprosthetic valve in place. The virtual ring 
drawn at the superior margin of the posts shows a 
relatively spacious sinus with ring to left coro-
nary artery ostium distance of 7 mm placing this 
at low risk for coronary occlusion.

Fig. 14.76 80 KVp technique: Bolus timing run with 1 mL at ascending aorta with attenuation curve showing peak 
enhancement at 18 s
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Fig. 14.77 80 KVp technique: Bolus timing run with 1 mL at iliac arteries/graft with attenuation curve showing peak 
enhancement at 23 s

Fig. 14.78 Sagittal view of contrast enhanced aorta 
showing prosthetic valve

Fig. 14.79 80 KVp technique. 17 mL contrast. Axial 
view: adequately enhanced aortic root with bioprosthetic 
valve
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Fig. 14.80 Coronal view for reference level of axial 
image

Fig. 14.81 Sagittal view for reference level of axial 
image

Fig. 14.82 Axial image at superior margin of valve posts 
with virtual ring

Fig. 14.83 Axial image at superior margin of valve posts 
with virtual ring, 7 mm from LMCA ostium
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The CTA images for aortoiliac arteries dem-
onstrate aorto-bifemoral bypass graft (Fig. 14.86). 
The lumen of the iliac artery graft is small with 
the diameter measuring less than 5 mm bilater-
ally (Fig. 14.87).

Fig. 14.84 Aortic annulus with bioprosthetic valve in 
place with luminal measurements

Fig. 14.85 80 KVp technique with 17 mL contrast. 3D 
VR: thoracic aorta

Fig. 14.86 80 KVp technique with 9 mL contrast. 3D 
VR: Abdominal aorto-biiliac bypass graft

Fig. 14.87 Axial image: Lumen of the bilateral iliac 
artery graft less than 5 mm
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14.9.4  Diagnosis

CTA for pre-TAVR assessment with low contrast 
dose. Bioprosthetic valve with inner luminal 
diameter of 17.3 mm.

Small caliber of iliac arteries (aorto-biiliac 
graft); not suitable for transfemoral access.

14.9.5  Discussion

The use of timing runs allows for small volume 
of contrast used in determining the volume of 
contrast to match with scan duration, without the 
need for additional scan delay after bolus trigger. 
The use of two timing runs helps in assessing the 
time during which contrast will be expected to be 
present in arteries if the injection train is long 
enough for that time. The time difference of only 
4 s between time of contrast arrival in aortic root 
and femoral arteries allows for a very small con-
trast dose particularly for non-gated scan through 
the pelvis. The image quality is adequate even 
with only 9 mL contrast for imaging of pelvis due 
to 80 KVp technique with high mAs, rapid blood 
flow with short scan time, iterative image recon-
struction, and overall small patient size.

Due to small caliber of iliac vessels, TAVR 
was performed via cardiac transapical approach 
and 23 mm Edwards Sapien valve was implanted 
within the preexisting bioprosthetic valve 
(Figs. 14.88 and 14.89).

Fig. 14.89 Angiogram showing valve-in-valve implan-
tation of 23 mm Edwards Sapien valve via transapical 
approach

Fig. 14.88 Fluoroscopy image during implantation of 
23 mm Edwards Sapien valve via transapical approach
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14.9.6  Pearls and Pitfalls

For a given scan area coverage, the scan time for 
ECG-gated CTA is longer than the non-gated exam 
due to low pitch which will require longer contrast 
injection. To reduce scan time for ECG- gated com-
ponent, imaging can be tailored to scan only the 
aortic root with ECG-gated exam and the rest of the 
area with a separate scan without ECG gating.
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A
AAA, see Abdominal aortic aneurysm
Aarcoidosis, 330
Abdominal aorta, 53, 343, 387, 423
Abdominal aortic aneurysm (AAA), 343
Acquired ventricular septal defect, 126
Acute compression fractures, 345
Acute marginal (AM) branches, 31
Acute severe epigastric pain, 179
Acute thrombosis, 264
Acute thrombus, 179, 192
Adenopathy, 298, 313
Adjacent metal artifact, 300
Adrenal adenoma, 342
Advanced multi-vessel disease, 158, 160
AF, see Atrial fibrillation
Ainus of Valsalva, 415
Airspace disease, 315
Aitus inversus, 52
Allergic granulomatosis, 154
Angina, 207

ED, 228
FFR, 219

Angina chest pain, 240
Angioplasty, 232, 240, 248, 260
Annular calcification, 363, 367, 368
Anomalous coronary artery, 102
Anomalous drainage, 94, 95
Anomalous left circumflex artery, 127
Anomalous origin of the left main coronary artery from 

the pulmonary artery (ALCAPA), 116
Anomalous pulmonary venous connection, partial and 

total, 92, 93
Anomalous pulmonary venous drainage, 71, 92, 96
Anonymously draining right pulmonary vein, 94, 95
Anti-arrhythmic therapy, 377
Aortic aneurysm repair, 337
Aortic annulus, 391, 414, 428
Aortic annulus plane, 421
Aortic arch (AA), 55, 69, 78
Aortic dissection, 225, 335
Aortic root, 413

aneurysm, 328, 329
Aortic stenoisis (AS), 326, 403, 412, 418

structural intervention, 357, 363

TAVR, 388, 398
and decreased renal function, 412, 418
echocardiography, 403

Aortic valve, 50, 327, 407
Aortic valve replacement, 318
Aortic valve stenosis, 406
Aortic valvular stenosis, 327
Apical myocardial infarction, 337
Arrhythmia detection, 15
Arrhythmias, 316, 331, 332
Arterial caliber, 403
Arterial grafts, 273, 274, 280
Arterialized disease, 274
Ascending aorta, 393, 420
Ascending aorta (AAo), 61, 85, 101, 106
Ascending aortic aneurysm, 298, 299
ASD, see Atrial septal defect
Atheroma, 150, 164
Atheromatous plaque, 142
Atherosclerosis, 2, 141, 145, 198
Atorvastatin calcium, 140
Atrial fibrillation (AF), 283

CABG, 283
CCTA, 323
ablation, 371, 377

Atrial septal defect (ASD), 74, 75, 87, 123, 133, 362
Atrioventricular discordance, 129
Atrioventricular septal defects (AVSD), 89, 90
Atrioventricular valve plane, 84, 89–91
Atypical chest discomfort, structural intervention,  

362
Atypical chest pain, 40, 43, 44

CABG, 282, 287, 305
cardiac CTA, 278
and LV aneurysmectomy, 290
LV apical ischemia and, 284

CAD, 141–143, 190
CCTA, 319
congenital coronary, 111, 122, 128, 133
FFR, 213
stents, 252, 263

and abnormal stress test, 258
onset of, 259

Axial acquisition, 12, 37
Azygous vein (AZ), 51–53
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B
Balloon angioplasty, 168, 286, 290
Bare metal stent (BMS), 249, 257, 258
Bicuspid aortic valve (BAV), 66, 326, 404, 406
Bilateral hilar adenopathy, 331
Bioprosthetic aortic valve (BAV), 408
Bioprosthetic valve, 409, 428
Bland–White–Garland syndrome, 116
Blooming artifact, 257
Brachiocephalic vein, 56, 68
Branch pulmonary arteries, 88
Breath

chronic shortness, CCTA, 323
intermittent shortness, 118
progressive shortness, 116, 123, 360, 369
shortness, 117, 119

CABG, 283, 294
CAD, 144
CCTA, 316, 319, 341, 344
stents, 250, 256
structural intervention, 351

Bronchopneumonia, 315

C
CABG, see Coronary artery bypass grafting
CAD, see Coronary artery disease
Caliber draining vein, 97
Cardiac angina, 153
Cardiac evaluation, 199, 200
Cardiac gated CTA, 408
Cardiac model, 17
Cardiac motion, 8
Cardiac perfusion, 40
Cardiac resynchronization therapy, 18
Cardiac spectral MSCT, 23
Cardiogenic shock, 114
Cardiomyopathies, 117, 332, 339
Catheterization, 224, 225, 351, 406
CCTA, see Coronary computed tomographic 

angiography
Cerebrovascular accident (CVA), 188
CHD, see Congenital heart disease
Chemoactive cellular infiltration, 150
Chest discomfort, structural intervention, 351
Chest heaviness, 41
Chest pain, 192, 226, 345

CAD, 146
CCTA, 334

and breath shortness, 316
ED

acute, 232, 235
CCTA, 345
complaining, 42
left arm, 234
worsening, 233

stents
acute onset of, 264
onset of, 267
PCI and, 246

Chronic inferior wall MI, CABG, 278
Chronic ischemic cardiomyopathy, 117, 294
Chronic ischemic heart disease, 300
Chronic left ventricular infarct, 295
Chronic myocardial infarction, CCTA, 337
Chronic total occlusion (CTO), 156, 164, 246, 355
Chronic transmural left ventricular MI, 337
Churg–Strauss syndrome, 154
Coarctation of aorta, 100
Cocaine, 315
Commander Edwards valve, 385
Complete tracheal rings, 87, 88
Compton attenuation coefficients, 26
Compton scatter coefficient, 25
Compton scattering, 26
Computational fluid dynamics (CFD), 205, 206
Computed tomography helical technique, 37
Computed tomography myocardial perfusion, 1, 2, 6
Conduction defects, 332
Cone-beam reconstruction, 7
Congenital coronary

atypical chest pain, 122, 128, 133–135
atypical chest pain and normal nuclear perfusion 

stress test, 111
breath

intermittent shortness, 118
progressive shortness, 116, 123, 124
shortness, 117, 119

CABG, 127
CAD and abnormal stress test, 125–126
cardiogenic shock, 114–115
congestive heart failure with pleural effusions, 

131–132
coronary angiogram, 113
dextrocardia, 129–130
dyslipidemia, 120
follow-up study, 121
LAD, 112
myocardial perfusion stress test, 109–110

Congenital coronary anomaly, 114
Congenital heart disease (CHD), 50, 54, 67, 77, 98, 100
Congenitally corrected transposition, 72
Congestive heart failure, 131, 332
Contrast bolus, 35
Contrast induced nephropathy (CIN), 387, 418
COPD, 254, 300, 301
CoreValve, 384, 386, 405
Coronal reformation, 69
Coronary anatomy

atypical chest pain, 43, 44
atypical chest pain and cardiac perfusion, 40
CAD, 39
chest pain, emergency department complaining, 42
coronary disease, 36
emergency department with chest heaviness and 

epigastric pain, 41
Coronary angiogram (CA), 3, 113, 148, 158, 174, 175, 196
Coronary arteries, 50

CCTA, 335
multivessel non-obstructive calcified plaques, 319
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Coronary artery bypass grafting (CABG), 127, 271
arterial grafts, 273
ascending aortic aneurysm, 298
atrial fibrillation, prostate CA, breath shortness and 

MI, 283–284
atypical chest pain, 287, 305, 306

and LV aneurysmectomy, 290
LV apical ischemia and, 284

atypical chest pain and, 278–280, 282
breath shortness and chronic ischemic 

cardiomyopathy, 294
CCTA, 337
chest pain, PCI, 286
chronic ischemic heart disease, 300–301
exertional chest pain, onset of, 289–290
inconclusive nuclear perfusion scintigram, 303
inferior wall fixed defect, 296
ischemia, nuclear perfusion scintigram, 276
mitral regurgitation, chronic inferior wall MI and 

status post CABG, 278
myocardial infarctions, 292
pleural effusion, 288
postsurgical coronary revascularization, clinical CTA 

review, 275
structural intervention, 357
technical considerations, 274
vein grafts, 274

Coronary artery disease (CAD), 5, 6, 39, 155, 156, 164, 
171, 182, 311

abnormal myocardial perfusion scan, 167, 168, 171
acute severe epigastric pain, 179
atypical chest pain, 141, 143, 190
breast cancer, status post-radiation therapy with 

palpitations, 195–196
breath, shortness of, 144–145
cardiac evaluation, 199–200
chest discomfort during exercise, 148
chest pain, 146, 192
congenital coronary, 125
with critical lesion, 234
CVA, 188
EKG and stress test, 181
eosinophilia and cardiac angina, 153–154
exercise myocardial perfusion scan, 158–161
exertional chest discomfort, 172–173
exertional chest pain, 169, 170, 174, 175
hyperlipidemia, 137, 138, 186
inferior wall ischemia, 149–150

on nuclear perfusion exercise stress test, 164
on nuclear perfusion scan, 155–156

ischemia, on exercise echocardiogram, 182
left-sided atypical chest pain, 197–198
left-sided chest discomfort, 193
mild chest discomfort during extreme exercise, 

151–152
myocardial infarction, 184
nonobstructive, 223
obstructive, 223
presurgical orthopedic clearance, 157
risk assessment, 139–140

stable chest pain, 177
stents, 252
structural intervention, 353, 367
ventricular ectopy, 162
workup of, 325

Coronary AV malformation, 119
Coronary computed tomographic angiography (CCTA), 

1–3, 134, 309, 316, 325, 345
abnormal nuclear stress test and silent MI, 321–322
aortic stenosis, 326–327
aortic valve replacement, preoperative study, 318
arrhythmias, 331–332
breath shortness

and atypical chest pain, 319
and chest pain, 344

CAD, 311, 312, 325
cardiac motion, 8
cardiac physiological phases and delay algorithm, 9
chest pain, 315, 316, 334
chronic breath shortness and atrial fibrillation, 323–324
chronic MI, CABG, and aortic aneurysm repair, 337
coronary arteries, 335
coronary artery imaging, 343
dilated cardiomyopathy, 339
emergency department, with chest pain, 345
extracardiac incidental findings, 309
extracoronary disease, 347
hypertension, 333
kidney donation, 330
image post-processing, 17–18
LAD, coronary artery bypass graft, 342
left-sided chest pain, 313–314
Marfan syndrome, 328
MSCT

cardiac spectral MSCT, 23–27
FFR, 21
motion analysis and compensation, 21–23
myocardial perfusion, 18–21

prospective and retrospective cardiac 
synchronizations

spiral acquisition, 12–13
step-and-shoot acquisition, 10–12

radiation exposure
ECG dose modulation, 14–15
iterative reconstructions, 15–17

requirements and CT technology, 6–8
substernal chest pain and breath shortness, 341

Coronary disease, 36–38
Coronary ectasia, 198
Coronary stenosis, 3, 224
Coronary stents, 248, 252
Coronary venous system, 35
Cosgrove-Edwards (CE) annuloplasty, 339, 340
CTO, see Chronic total occlusion
Curved reformatted multiplanar reconstructed slices 

(cMPR), 142, 181, 190
cMPR-LAD, 199
cMPR-LCX, 199
cMPR-LM, 184

Cyst, pericardial, 321, 322

Index



434

D
Descending aorta (DAo), 101, 335
Dextrocardia, 129, 303, 304
Diabetes, 186, 217
Diffuse calcification, 213
Diffuse coronary artery disease, 186
Diffuse disease, 158, 220, 293
Diffuse proliferative restenosis, 255
Dilated cardiomyopathy, 339
Dilated coronary sinus, 127
Dilation, 90
Discrete coarctation, 59
Distal anastomosis, 279, 300
Distal left circumflex coronary artery, 208
Distal left main coronary artery, 169
Distal stent edge stenosis, 255
Dominance, 35
Donut sign, 146
Double outlet right ventricle (DORV), 82
Double superior vena cava, 127
Drug-eluting stent (DES), 237, 243, 252
D-TGA, see Dextro-transposition of great vessels 

(D-TGA)
Dual energy CT (DECT), 23, 26
Dual source CT (DSCT), 8
Dual-layer detection system, 23, 24
Dyslipidemia, 120, 236
Dyspnea

ED, 239
atypical chest pain with, –217, 213

E
ECG-triggered technique, 224
ED, see Emergency department (ED)
Edwards Sapien valve, 429
Electrocardiogram (ECG), 7
Electrocardiogram-gated spiral scans, 13
Electron beam CT (EBCT), 10
Electrophysiology (EP), 371

AF, 377–379
intra-operative imaging, 376–377
paroxysmal atrial fibrillation, 372–376
radiofrequency energy, 371

Embolization coil, 301
Emergency department (ED), 223, 231–235

chest pain, 226
acute, 232, 235
left arm, 234
standard-of-care, 223
to upper back, 231
worsening, 233

coronary stenosis, 224
dyslipidemia, 236
dyspnea, 239
epigastric pain, 237
intermittent central chest pressure, 227
intermittent chest pain, 230
joint effort, from multiple disciplines, 224
multiple single-center and multicenter trials, 225

myocardial infarction, 229
progressive angina, 228
pulmonary embolism, 225
recurrent angina chest pain, 240
retrosternal chest pressure, 238
systematic review and meta-analysis, 223
TRO protocol, 225

Eosinophilia, 153
Epigastric pain, 41, 237
Extensive myocardial disease, 332
Extracoronary disease, 347

F
Familial cardiac myxomas, 325
Fatty infiltration, 344
Femoral arteries, 420
FFR, see Fractional flow reserve
Fixed absolute delay, 9
Fractional flow reserve, 354
Fractional flow reserve (FFR), 2, 6, 21, 170, 203, 354

angina, 207–211, 219–222
atypical chest pain with dyspnea, 213–217
clinical evidence, 207
diabetes mellitus, hypertension, and hyperlipidemia, 

217–219
FFRCT, 205

anatomical information, physiological models 
from, 205

calculation, 207
CFD, 205
imposing boundaries, 206–207

obstructive coronary lesion, physiological 
significance, 204

onset atypical angina, 211–213
revascularization, 204

Fractured stent, 256, 264
Framingham, 3
Free graft, 274

G
Gastric carcinoma, 347
Gastroepiploic artery conduit (GEA), 296
Gated helical cardiac reconstruction, 22, 23
Geometric heart models, 18
Granulomatous cardiomyopathy, 332
Great cardiac vein (GCV), 35

H
Helical scans, 13
Hematoma, 167, 168, 287
Hepatic hemangioma, 341
Hepatic steatosis, 344
Hiatal hernia, 334
Higher temporal resolution, 7
High-grade in-stent restenosis, 259, 261
High-grade ostial stenosis, 260
High-grade restenosis, 267
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Hounsfield units (HU), 142, 193
Hyperdense C-shaped rings, 339
Hyperlipidemia, 186

CAD, 137
FFR, 217
structural intervention, 355

Hypertension, 186, 190, 333
FFR, 217
structural intervention, 355

Hypertrabeculation, of right ventricle, 90
Hypertrophied arterial graft, 273
Hypodense mass, 341, 342
Hypodense valve, 409
Hypokinesis, 182
Hypoplasia, 101
Hypoplastic aortic arch, 58, 100
Hypoplastic left heart syndrome (HLHS), 99, 101

I
Iliac artery, 400, 422, 429
Iliofemoral access, 398
Inconclusive nuclear perfusion scintigram, 303
Inferior pulmonary veins, 96
Inferior wall fixed defect, 296
Inferior wall ischemia, 164

CAD, 149, 164
on nuclear perfusion scan, 155

Infracardiac TAPVC, 97
Infundibulum, 79, 80
In-stent restenosis, 246, 247, 261
Interarterial course, 114
Interatrial septum, 61, 64, 89
Intercostal arterial collaterals, 59
Intermediate stenoses, 211
Internal mammary arteries (IMA), 273, 296

grafts, 284
Interstitial pneumonia, 315
Intra- and extra-cardiac connections, 48
Intramyocardial course, 120
Invasive coronary angiography, 355
Ischemia, 193, 276

nuclear perfusion scintigram, CABG, 276
on exercise echocardiogram, 182

Isovolumic relaxation time (IVRT), 8
Iterative reconstruction (IR) technology, 1, 15, 16, 20
IV drug abuse, stents, 265

K
Kartagener’s syndrome, 303
Kawasaki disease, 106
Keyhole surgery, 306
Kidney donation, 330
Kyphoplasty, 345

L
LAA, see Left atrial appendage
LCX, see Left circumflex coronary artery

Left anterior descending coronary artery (LAD), 8, 31, 44, 
107, 112, 137, 141, 160, 220, 273, 306, 355

aneurysmal dilatation, 153
chronic total occlusion of, 182
cMPR of, 262, 266, 268, 359
coronary artery bypass graft, 342
high-grade short-segment obstruction, 177
intramyocardial course, 120
MPR of, 352, 353
non-flow limiting lesion in, 353
proximal segment, 190
stenosis, 169

Left anterior oblique (LAO), 376
Left atrial appendage (LAA), 323, 324, 371, 372, 376
Left atrial myxoma, 325
Left atrium (LA), 371, 372
Left circumflex coronary artery (LCX), 31, 42, 109, 252, 

355, 356
Left coronary angiogram, 192, 268, 407
Left inferior pulmonary vein (LIPV), 376
Left internal mammary artery (LIMA), 0, 275, 277, 281
Left main and mid-LAD stenosis, 208
Left main coronary artery (LMCA), 31, 116, 119, 395, 406

disease, 152
jump grafts, 284
high-grade stenosis, 152, 160
ostium, 408

Left pulmonary angiogram, 378
Left pulmonary artery (LPA), 86, 88
Left renal upper pole carcinoma, 347
Left superior pulmonary vein (LSPV), 376
Left superior vena cava, 127, 184
Left upper lobe adenocarcinoma, 313
Left ventricular failure, 284
Left ventricular outflow tract (LVOT), 72, 73, 367, 415
Left-sided chest discomfort, 193–194
Levo-transposition of great vessels (L-TGA), 72
Lipomatous hypertrophy, of atrial septum, 127
Lipoproteinemia, 188
LMCA, see Left main coronary artery
LMCAl, 396
Lower Kv techniques, 2, 37
L-TGA, see Levo-transposition of great vessels (L-TGA)
Luminogram, 3, 170, 365
Lung perfusion scan, 378
LV aneurysmectomy, 290
LV apical ischemia, CABG, 284
Lymphadenopathy, 330

M
Magnetic resonance imaging (MRI), 3, 18, 106, 341, 

342, 345
Main pulmonary artery (MPA), 53, 56, 61, 74, 76, 84, 86
Major aorticopulmonary collateral arteries (MAPCAs), 77
Marfan syndrome, 328–329
Massive pulmonary embolism, 317
Maximum intensity projection (MIP), 59, 64, 116, 127, 297
Median sternotomy, 271
Membranous interventricular septal defect, 90
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Metabolic syndrome, 186
Metastatic adenopathy, 313
Metastatic bone disease, 346
Metoprolol, 224
Middle cardiac vein (MCV), 35
Mid-LAD chronic total occlusion, 157
Mid-left circumflex coronary artery, 144
Minimally invasive direct coronary artery bypass surgery 

(MIDCAB ), 306
Misplaced left pulmonary artery origin, 86
Mitral annulus, 90, 339
Mitral regurgitation, 278, 367
Mitral stenosis, 367
Mitral valve, 368
Motion compensation, 22, 23
MPA, see Main pulmonary artery
MSCT, see Multi-slice CT
Multi-level thoracic compression fractures, 345
Multiple chronic infarcts, 300
Multiple occluded grafts, 300
Multiple patent grafts, 276, 295
Multi-slice CT (MSCT), 6

cardiac spectral MSCT, 23
motion analysis and compensation, 21
myocardial perfusion, 18, 21

Multi-vessel coronary artery disease, 159, 170, 218
Muscular defects, 126
Myocardial bridging, 120
Myocardial infarction (MI)

CABG, 283, 292
CAD, 184
ED, 229

Myocardial ischemia, 2, 194
Myocardial perfusion, 18, 21

stress test, 109
Myxomas, 325

N
Napkin ring stenosis, 255
Neointimal hyperplasia, 246, 248, 250, 257
Nonalcoholic fatty liver disease (NAFLD), 344
Non-calcified plaque, 143
Noncoronary sinus of Valsalva, 118
Non-invasive cardiac imaging, 6
Nonobstructive coronary artery disease, 223
Nonobstructive neointimal hyperplasia, 246
Non-obstructive proximal RCA stenosis, 208
Non-small cell lung cancer (NSCLC), 314
Nuclear perfusion stress test, 111

O
Obstructive coronary artery disease, 223
Obtuse marginal artery, 156, 282
Occluded sequential stents, 245
Occluded stent, 258, 286
Onset atypical angina, 211
Ostial LAD disease, 351

Optimal medical therapy (OMT), 2
Ostial left circumflex coronary artery, 181
Ostial short-segment stenosis, 181
Ostium primum defect, 124
Ostium secundum atrial septal defect, 123, 362

P
Pain, 345

chest (see Chest pain)
epigastric, 41, 237

Palpitation, 195, 196
Paraesophageal hernias, 334
Paramembranous defect, 126
Paroxysmal atrial fibrillation, 372
Partial thrombosis, 335
Partial-angle scan, 10
Patent ductus arteriosus (PDA), 61, 81, 131, 360
Patent foramen ovale (PFO), 122, 133
Pediatric cardiac CTA

anomalous coronary artery origins, 102
AVSD, 89
complete tracheal rings, 87, 88
DORV, 82
HLHS and Shone’s complex, 99
Kawasaki disease, 106
misplaced left pulmonary artery origin, 86
partial and total anomalous pulmonary venous 

connection, 92
pulmonary sling, 86
Taussig-Bing malformation, 82
TGA, 82
TOF, 77

Percutaneous coronary intervention (PCI), 168, 243
CABG, 286
exertional chest pain and, 249
intermittent chest pain and, 246
with placement, 245

Pericardial cyst, 186, 321, 322
Pericardial effusion, 319, 320
Perimembranous defect, 126
Peripheral nodular enhancement, 341
PFO, see Patent foramen ovale
Phantom graft, 286
Phase tolerance, 12
Photoelectric coefficient, 25
Pleural effusions (PE), 131, 283, 318

CABG, 288
congenital coronary, 131

Pneumonia, 315
Posterior descending artery, 35, 39, 128, 278, 296
Posterior noncoronary sinus of Valsalva, 118
Posterior papillary muscle, 278, 279
Postsurgical coronary revascularization, clinical CTA 

review, 275
Presurgical orthopedic clearance, 157
Progressive exertional chest discomfort, 359
Prospective gated axial (PGA), 37, 112, 171
Prostate coronary angiogram, 283
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Prosthetic aortic valve, 407
TAVR, 424

Proximal graft occlusion, 291
Proximal left anterior coronary artery, 148, 172, 174
Proximal right coronary artery, 140, 149

high-grade obstruction, 280
stenosis, 217

Pseudoaneurysm, 287, 288, 301, 365
Pulmonary arteries, 87
Pulmonary embolism (PE), 225, 316, 318
Pulmonary nodule, 311
Pulmonary outflow tract (POFT), 114
Pulmonary sling, 86
Pulmonary valve, 50
Pulmonary vein (PV), 371, 376, 377

potential mapping, 377
stenosis, 379

Pulmonary venous trunks, 376

Q
Quantitative coronary angiography (QCA), 2

R
Radiation exposure

ECG dose modulation, 14
image post-processing, 17
iterative reconstructions, 15

Radiation therapy, stents, 265
Ramus intermedius (RI) artery, 39, 160, 192
RCA, see Right coronary artery
Restenosis, 248
Restrictive muscular septum ventricular septal defect, 

125
Right adrenal gland, 342
Right atrial chamber, 84
Right coronary artery (RCA), 31, 43, 111, 117, 139, 146, 

149, 254
cMPR of, 263, 264
distal dissection, 263
MPR of, 353
RCA-PCI, 253
RCA stent, 244

Right inferior pulmonary vein (RIPV), 94
Right internal mammary artery (RIMA), 284
Right main pulmonary artery, 316
Right middle lobe, 315
Right pulmonary angiogram, 378
Right pulmonary artery (RPA), 86
Right ventricle (RV) hypertrophy, 62
Right ventricular infundibulum, 80
Right ventricular outflow tract (RVOT), 83
Right ventricular strain, 316, 317

S
Saphenous vein graft pseudoaneurysm, 365
Saphenous veins, 274, 292

Sapien 3 valve, 384, 390, 417
Sarcoidosis, 330, 332
Secundum atrial septal defect, 123
Septal perforators, 117
Sequential coronary stents, 254
Sequential vein graft (SVG), 278, 282, 287

proximal segment, 284
pseudoaneurysm, 300

Severe mitral para-valvular regurgitation, 369
Shape-constrained deformable model, 17
Shone’s complex, 99, 100
Single right trunk, 128
Single vessel disease, 210, 215
Single-slice CT (SSCT), 8
Sinoatrial (SA) artery, 31
Sinotubular junction (STJ), 386, 392, 415
Sinus of Valsalva aneurysm, 111, 112, 121, 128, 388, 

389
Sinus venosus defect, 124
Situs inversus, 303, 304
Sliding hiatal hernias, 334
Solitary pulmonary nodules (SPN), 311
Spectral CT scanners, 23
Spiral acquisition, 12, 13
Stenotic lesions, 359
Stent high-grade restenosis, 249, 251
Stents

abnormal stress test, 257
atypical chest pain, 263

and abnormal stress test, 258–259
onset of, 259–260

atypical chest pain, CAD and prior multivessel 
coronary interventions, 252

breath, shortness, 250, 256
chest pain

acute onset of, 264
onset of, 267

COPD, 254–255
fracture, 256, 264
IV drug abuse, thymoma status post resection and 

radiation therapy, 265
PCI, 243, 244, 261

exertional chest pain and mid-LAD PCI, 249
intermittent chest pain and, 246–248
with placement, 245–246

RCA-PCI, 253–254
Step-and-shoot cardiac techniques, 14, 15
Stress scans, 18
Structural intervention, 360, 369, 370

aortic stenosis, 363
atypical chest discomfort, 362
breath, progressive shortness, 360, 369, 370
CABG and aortic stenosis, 357
CAD, 353, 354, 367
chest discomfort and breath shortness, 351
hyperlipidemia and hypertension, 355
mixed valvular disease, 367
onset chest discomfort, 365
progressive exertional chest discomfort, 359
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Stump, 286
Subacute stent thrombosis, 259
Subintimal hyperplasia, 243
Subtotal occlusion, 279
Superior mediastinum, 62, 93
Surgical cannulation repair pledget, 272
SVG, see Sequential vein graft

T
TAVR, see Transcatheter aortic valve replacement
Taussig-Bing malformation, 82
TEE, see Transesophageal echocardiography
Temporal resolution, 10, 13
Tetralogy of Fallot (TOF), 77, 79, 80
3D cone-beam reconstruction techniques, 12
3D reconstruction techniques, 7
TGA, see Transposition of the great arteries
Thoracentesis, 318
Thoracic aorta, 422

dissection, 335
Thrombosed pseudoaneurysm, 301
Thymemectomy, 333
Thymic hyperplasia, 333
Thymoma, 333
Total anomalous pulmonary venous connection 

(TAPVC), 9, 92, 93
Trachea (T) bifurcates, 87
Transapical approach, 381, 385
Transcatheter aortic valve implantation (TAVI), 381
Transcatheter aortic valve replacement (TAVR), 357, 

363, 381–386
aortic stenosis, 388–403

and decreased renal function, 412–424
echocardiography, 403–406

aortic valve stenosis, 406–408
bioprosthetic aortic valve, 408–412
image reconstructions, 387–388
pre-TAVR planning, CT imaging, 387
prosthetic aortic valve and decreased renal function, 

424–430
Transcatheter heart valve (THV), 381, 417
Transcatheter valve deployment, angiogram, 382
Transesophageal echocardiography (TEE), 323, 324, 369
Transluminal coronary angioplasty, 257

Transmural myocardial infarction, 337
Transposition of the great arteries (TGA), 72, 82, 129

clinical presentation, 73, 75
D-TGA, 74
L-TGA, 72
pearls and pitfalls, 75

Tricuspid annuli, 339
Tricuspid aortic valve, 416
Truncal vessel (TrA), 64, 66
Truncus arteriosus, 63, 65
Tube exposure, 37
Tube-current modulation, 14, 15
Tubular stenosis, 163
2D filtered back projection (2D-FBP), 6
Type A aortic dissection, 235, 336

V
Valsalva aneurysm, sinus of, 111, 112, 121, 128, 388, 389
Valve-in-valve procedure, 411
Valvular disease, 324, 367
Vascular ring, 67, 69, 71
Vasculitis, 154, 198
Vein grafts, 272, 274, 278, 282, 284
Ventricular ectopy, 162–163
Ventricular septal defect (VSD), 72, 74, 75, 77, 82, 125, 

129
Vertebral body compression fractures, 345
Vertebroplasty, 345, 346
Vessel coronary artery disease, 355, 367
Vineberg’s procedure, 300, 301
Virtual ring, 408, 410, 411, 425, 427
Visceroatrial situs, 47, 49
Volume rendered-left atrium, 373
VSD, see Ventricular septal defect

X
X-ray attenuation coefficient, 24, 26
X-ray tube, 3, 6, 8, 14, 23, 37

Y
Y graft, 274, 280, 281, 290
Y vein graft anastomosis, 288
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