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Noninvasive imaging of the coronary arteries can be obtained
through various modalities including ultrasound (echocardi-
ography), CT, and MRI. While echocardiography is a useful
tool to rapidly assess systolic and diastolic myocardial func-
tion and complications of myocardial infarct, its ability to
directly assess the coronary arteries is limited. Due to its excel-
lent spatial resolution as low as 0.5 mm and temporal reso-
lution as low as 66 ms, cardiac CTA has become the primary
tool to directly visualize the anatomy as well as congenital and
acquired anomalies of the coronary arteries. While cardiac
MRI can be used to assess the coronary arteries, its strength
lies in its ability to assess for myocardial damage after infarc—
tion and to guide therapy.

CORONARY ARTERY ANATOMY
The coronary arteries course through the epicardial fat to
supply oxygenated blood to the myocardium. Coronary
artery anatomy is highly variable, and the size and distri—
bution of the coronary arteries vary from person to person.
Given this, it is important to distinguish normal variant
anatomy from congenital abnormalities. It is also impera-
tive to distinguish between benign congenital anomalies and
ones that can compromise myocardial blood flow with sub-
sequent myocardial ischemia, infarction, or sudden cardiac
death.

Left Main Coronary Artery

The coronary arteries arise from the sinuses of Valsalva, which
are three anatomic outpouchings in the ascending aorta. The
left main coronary artery and right coronary artery (RCA)
arise from the left and right sinuses, respectively (Fig. 25.1).
No coronary artery should arise from the noncoronary sinus,
which is directed posteriorly toward the interatrial septum.
After its origin from the left sinus of Valsalva, the left main

coronary artery courses laterally to the left before dividing. It
is usually the largest coronary artery but is of variable length.
In most people, the left main coronary artery bifurcates into
an anteriorly directed left anterior descending coronary
artery (LAD) and a posteriorly directed left circumflex‘coro-
nary artery (LCX) (Fig. 25.2). In approximately 20% to 30%
of patients, the left main coronary artery trifurcates with a
ramus intermedius branch arising between the LAD and LCX
(Fig. 25.3).

Left Anterior Descending Coronary Artery
The LAD is usually a large vessel that runs along the anterior
surface of the left ventricle (LV) (Fig. 25.4). The LAD can be
of variable length but usually wraps around the left ventric-
ular apex before terminating. The LAD is divided into three
portions, proximal, mid, and distal (Fig. 25.5). The proximal
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i If :1 iii". 1 9. l . Normal Coronary Ostial Anatomy. A: A 7-mm thick MIP image transverse to the aortic sinus from a coronary CTA shows the
left (L), right (R), and noncoronary (N) sinuses. The left main coronary artery (white arrow) and right coronary artery (white arrowhead) arise
normally from the left and right coronary sinuses, respectively. B: Coronal oblique 5—mm thick MIP image through the left ventricular outflow
tract (LVOT) shows that the ostia for the left main (white arrow) and right (white arrowhead) coronary arteries originate from the aortic root
between the level of the sinuses of Valsalva (red arrowhead) and sinotubular junction (black arrow). The aortic valve leaflets attach at the annulus
(red arrow) which separates the LVOT from the aortic root.

I H .1 HI “.2 ~13... Normal Anatomy of the Left Main Coronary Artery.
Double oblique multiplanar reformat shows the left main coronary
artery (white arrow) arises from the left sinus of Valsalva (L). In this
patient, the left main is only 4 mm long before bifurcating into left
anterior descending (LAD, red arrow) and left circumflex (LCx) cor—
onary arteries (black arrow). The sinoatrial (SA) nodal branch artery
arises from the left circumflex (black arrowhead) which occurs in about
one—third of patients. An early first obtuse marginal branch is also
seen (white arrowhead). The left main coronary artery can vary in
length from a few millimeters to a few centimeters.

Elia-iii} _...'5?3. Ramus Intermedius. Axial oblique 4-mm thick MIP
image through the left main coronary artery (white arrowhead) shows
that the vessel trifurcates into the left anterior descending (red arrow),
left circumflex (black arrow), and ramus intermedius branches (white
arrow). A ramus intermedius is present in 20—30% of the popula-
tion and may be a diminutive vessel, or as in this case, a large caliber
vessel.



LAD extends from its origin to the ostium of the first large
septal branch or diagonal branch, whichever arises first. The
mid-LAD extends from end of the proximal LAD to one-half
the distance to the LV apex, and the distal LAD is defined as
the end of the mid-LAD to its termination.
The LAD gives rise to both septal branches and diagonal

branches (Figs. 25.4 and 25.6). While smaller than the LAD
itself, the diagonal and septal branches are needed to supply
oxygenated blood to the anterolateral and anteroseptal LV
myocardium, respectively. Numerous small septal branches
arise from the inferomedial aspect of the LAD and dive into
the anterior portion of the interventricular septum. The diag-
onal branches arise from the lateral aspect of the LAD and
course over the anterolateral aspect of the LV. Although the
number varies, most patients have between two and four
diagonals.
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l;~’lit‘IUl-¥‘3Jé23 3.53.1. Left Anterior Descending (LAD) and Left Circum-
flex (LCX) Coronary Artery Anatomy. Volume—rendered images of
the heart from a coronary CTA in (A) anterior, (B) anterolateral, and
(C) lateral projections show the left main coronary artery arising
from the left sinus of Valsalva (white arrows). The LAD (red arrows)
courses in the anterior interventricular groove between the right ven-
tricle (RV) and left ventricle (LV). Diagonal branches (white arrow-
heads) arise from the lateral aspect of the LAD to supply portions of
the anterolateral LV. The left circumflex (black arrows) has a more
posterolateral course between the LV and left atrium (LA). Two
obtuse marginal (OM) arteries, a smaller first (black arrowheads) and
a larger second (pin/e arrows), arise from the left circumflex to sup—
ply portions of the anterolateral and inferolateral surface of the LV,
respectively. After the second OM, the LCX the distal LCX is small in
caliber (red arrowheads), a common finding in a right—dominant anat~
omy. On the anterior View (A), the right coronary artery (RCA, yellow
arrow) arises from the right sunus if Valsalva.

Left Circumflex Coronary Artery
At the bifurcations of the left main, the LCx courses pos-
terolaterally between the LV and left atrium (Fig. 25.2).
The LCX gives rise to obtuse marginal (OM) vessels that
supply oxygenated blood to the inferolateral aspect of the
LV (Fig. 25.4). Blood supply to the anterolateral aspect of
the LV at the base and mid-cavity level can occur via the
OM or diagonal vessels, depending on the patient’s anat—
omy. The size and number of OM branches vary, but most
patients have at least two visible OM vessels. Once the LCx
reaches the inferolateral aspect of the left atrioventricular
(AV) groove and begins to wrap around the inferior aspect
of the LV, it is usually a diminutive vessel since most people
are right dominant. However, in patients who have left or
codominant circulation (representing approximately 10%
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'I [+1.1 H17 :53. Left Anterior Descending (LAD) Coronary Artery
Segmentation. Curved MPR of LAD (red arrow) shows the vessel
coursing over the anterior wall of the left ventricle (LV). The proximal
LAD extends from the origin of the LAD to the ostium of the first
large septal (black arrow) or diagonal vessel, whichever arises first. To
divide the mid and distal LAD, a line is drawn at the mid—way point
(white line) between the end of the proximal LAD (white arrow) and
LV apex (white arrow). The mid—LAD (M) extends from the end of the
proximal LAD (P) to this line and the distal LAD (D) is defined as the
end of the mid-LAD to the termination of the LAD. The LCx is not
Visualized in this plane.

.L IL.1 it it‘. 23% .17. Septal and Diagonal Branches of the Left Anterior
Descending (LAD) Coronary Artery. Double oblique 3-mm thick
MIP image shows the left main coronary artery (white arrow) arising
from the left sinus of Valsalva (L). The left main bifurcates into the
LAD (red arrow) and LCx (not seen). The branches of the LAD that
extend laterally to supply portions of the anterolateral wall of the left
ventricle are called diagonal branches (white arrowhead). The septal
branches (black arrows) are more numerous but small in size. They
supply the anteroseptal portion of the left ventricle.

l H31 Hi 2*"- . 7. Right Coronary Artery Anatomy. Right lateral volume-
rendered image from a coronary CTA shows the right coronary artery
(RCA, yellow arrows) arising from the right sinus of Valsalva (R). The
RCA courses in the right atrioventricular groove between the right
atrium (RA) and right ventricle (RV). Acute marginal branches (white
arrowheads) arise anteriorly and supply to the anterior free wall of the
RV. The LAD (red arrows) can be seen coursing over the anterior wall
of the left ventricle (LV).

and 20% of the population, respectively), the distal LCx will
be larger in size (Fig. 25.7).

Ramus Intermedius

In approximately 20% to 30% of patients, the left main cor-
onary artery will trifurcate into the LAD, LCx, and a middle
branch called the ramus intermedius or intermediate branch
(Fig. 25.3). This branch can vary in size and distribution; in
some patients, it courses anterolaterally in a distribution sim~
ilar to a diagonal branch, while in other cases it courses more
posteriorly in a distribution similar to an OM branch.

Right Coronary Artery

The RCA arises from the anterior-facing right sinus of Val-
salva (Figs. 25.1 and 25.7). Since approximately 70% of
patients are right dominant, the RCA is a large vessel that
courses anteriorly in the right AV groove and gives rise to the
posterior descending artery (PDA) and posterior left ventricu~
lar (PLV) branches (Figs. 25.7 and 25.8). The RCA is divided
into three territories (Fig. 25.9). The proximal RCA is defined
as the ostium of the RCA to one-half the distance to the acute
margin of the heart. The mid—RCA is defined as the end of the
proximal RCA to the acute margin of the heart, and the distal
RCA is defined as the end of the mid—RCA to the origin of the
PDA.
As the RCA courses in the right AV groove, acute mar—

ginal branches arise from the RCA and course anteriorly and
extend to the anterior surface of the right ventricle (Fig. 25.7).
In right-dominant patients, the distal RCA will divide into
two branches along the undersurface of the heart, the PDA
and PLV (Fig. 25.8).
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A

EEGUTUE x‘ii Right Coronary Artery (RCA) Anatomy. A: “C—view” of RCA as it courses in the right atrioventricular groove between the right
atrium (RA) and right ventricle (not visualized in this plane) shows its division into three territories. The proximal RCA (P) is defined as the
ostium from the right sinus (R) to one-half the distance (white line) to the acute margin, or angle, of the heart (yellow arrow). The mid-RCA (M)
is defined as the end of the proximal RCA to the acute margin of the heart. The distal RCA (D) is defined as the end of the mid-RCA to the ori—
gin of the posterior descending artery (PDA, white arrow). The posterior left ventricular branch (PLV, yellow arrowhead) courses over the PDA.
B: Distal RCA anatomy (yellow arrow) is often best seen on an inferior view of the heart. The distal RCA divides into the PDA (white arrows) and
the PLV (black arrows). The PDA courses in the inferior interventricular groove between the inferior surface of the left ventricle (LV) and right
ventricle (RV) and gives rise to small septal branches that supply the inferoseptal segments (white arrowheads). The PLV (black arrow) supplies
the inferior and inferolateral portions of the left ventricular base. The size and extent of the PDA and PLV greatly vary depending on dominance
and size of the LAD and LCX, both of which were relatively small in this patient. This patient is right heart dominant with a single PDA arising
from the RCA, as seen in 70% of the population.
I-'—:—:.,.:—.' ' -"
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li?3[5f:3“tji}i?§Th": 2.5.32 Left Dominance and Codominance. A: Coronal oblique MIP image shows a large LCx (black arrows) giving rise to the PDA
(white arrow) denoting a left-dominant system. The RCA, which is not visualized, was small in size. B: Coronal oblique MIP in another patient
shows two PDAs (white arrows), one arising from the RCA (yellow arrow) and the other arising from the LCx (black arrow) consistent with a
codominant system.
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Posterior Descending Artery
In the majority of patients, the PDA arises from the RCA and
thus they are considered right dominant (Fig. 25.8). In approx—
imately 10% of patients, the PDA arises from the left circum-
flex, and the patient is considered left dominant (Fig. 25 .9A).
In the remainder of patients, both the RCA and LCx give rise
to a PDA branch, and these patients are often considered bal-
anced or codominant (Fig. 25 .9B).
Whichever vessel gives rise to the PDA, the vessel courses

in the posterior interventricular sulcus to supply the inferior
wall of the LV (Fig. 25.8). Like the LAD, the PDA gives rise to
septal branches that supply the inferolateral aspect of the left
ventricular septum. The PDA is of variable size and length.
In patients with a smaller LAD, the PDA tends to be a larger
artery and vice versa (Fig. 25.8).

Posterior Left Ventricular Branch

Arising from the distal RCA, the posterior left ventricular
branch (PLV), also called the PLB, course laterally and extends
along the posterior AV groove between the inferior aspect of
the left atrium and LV (Fig. 25.8). It is of variable size and
length. Depending on the patient’s anatomy, in right—dominant
patients either the PLV or LCx can supply the inferolateral
wall at the base of the heart.

Conus Branch.

The conus branch is usually the first branch of the RCA,
although it can have a separate origin from the right coro—
nary sinus in 17% to 50% of patients (Fig. 25.10). The conus
branch extends anteriorly to supply blood to the right ven-
tricular outflow tract (RVOT) or conus. In some instances,
the conus acts as a collateral pathway for blood flow to the
LAD, and this circuit is often referred to as the arterial circle
of Vieussens.

Sinoatrial Nodal Bran-c

The sinoatrial (SA) nodal branch is a small vessel that most
often originates from the RCA (Fig. 25.14) but arises from the
LCx in about one-third of patients (Fig. 25.2). Less commonly,
the SA branch can arise from the left main coronary artery,
directly from the aorta (Fig. 25.11), or there may be two SA
arteries supplied by both the LCx and RCA. Depending on its
origin, the SA nodal branch courses posteriorly (RCA origin)
or medially (LCX origin) and terminates in the region of the
SA node located along the posterior aspect of where the supe-
rior vena cava enters the right atrium. It is important not to
mistake this normal vessel for an anomalous coronary artery.

Atrioventricular Nodal Branch

In most patients, the AV nodal branch arises from the very dis—
tal “U—shaped” aspect of the distal RCA as it courses superior
to the PDA. It is a small vessel that courses superiorly toward
the posterior annulus of the mitral valve (Fig. 25.12).

CORONARY ARTERY ANOWLIES
Occurring in between 0.5% and 1.5% of the population,
coronary artery anomalies are frequently encountered on car—
diac CT. While many of these anomalies have little clinical

L

BEEN .1. HI 5. i I}. Anatomy of the Conus Artery. Axial oblique MIP
image shows the RCA (yellow arrow) arising from the right sinus
of Valsalva (R). The conus branch (white arrows) usually is the first
vessel to arise from the very proximal RCA; however, in this case, it
arises directly from the right aortic sinus which is a common benign
anatomic variant. The conus courses superiorly and anteriorly to sup—
ply the right ventricular outflow tract (RVOT) and is an important
pathway for collateralization. The sinoatrial nodal branch (white
arrowhead) arises from the proximal RCA and is partially visualized
as it courses posteriorly.

I9111:4iHit-RIF; Jiiufll T. Sinoatrial (SA) Nodal Branch Anatomy. Curved
multiplanar reformat image shows the SA branch (white arrowheads)
arising from the proximal RCA (yellow arrow) and coursing posteri-
orly to end between left atrium (LA) and superior portion of the right
atrium. The SA branch most commonly arises from the RCA but can
originate from the LCx (Fig. 25 .2). In rare instances, both the RCA
and LCx give rise to separate SA nodal branches.
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17315173331?”Ilia'it 1:?151iAtrioventricular (AV) Nodal Branch Anatomy. Cor-
onal oblique MPR image shows the AV nodal branch (white arrows)
arising from the distal right coronary artery (yellow arrow). The AV
nodal branch extends superiorly between the right atrium (RA) and
left ventricle (LV) toward the aortic root (A).

significance, anomalous coronary anatomy can lead to sudden
cardiac death. Some of these anomalies can lead to symptoms
and thus be the reason for the study; however, they are often
Clinically silent and are frequently an incidental finding. It is
also important to remember that although anomalous cor-
onary anatomy is best visualized with electrocardiography
(ECG)-gated CT angiography, the improved temporal resolu-
tion of modern scanners often allows for a basic assessment
of coronary artery origins and course on nongated thoracic
CT scans.
There are many ways to subdivide these anomalies. One of

the more commonly used methods is to divide them based on
anomalous origin, course, and termination. No matter how one
chooses to classify these anomalies, it is important to recognize
that even though many of the anomalies are benign, others
can lead to a reduction in coronary blood flow and major
adverse cardiac events (MACES).

ABNORMAL 1T5 IN ORIGIN
There are numerous congenital coronary artery anomalies
associated with an anomalous origin. While it may be an iso-
lated finding, in some instances, such as in patients with a sin-
gle coronary artery, multiple anomalies or origin and course
may coexist. These anomalies include absence of the left main
coronary artery, anomalous location of the coronary ostium
outside the aortic root, and anomalous origin of the coronary
ostium from the incorrect sinus.

Abnormalities in Origin, Benign
Absence of the Left Niain Coronary Art ry. Absence of
the left main coronary artery is a benign variant that occurs
in approximately 0.4% to 2% of the population. In this
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Ii'iE-Ifjliiiii 1*: Absent Left Main Coronary Artery. Axial oblique
image from a coronary CTA shows complete absence of the left main
coronary artery. The left anterior descending (white arrow) and left
circumflex (black arrow) coronary arteries arise directly from the left
sinus of Valsalva (L). This is a rare but benign congenital variant.

situation, the LAD and LCx have independent origins from
the left sinus of Valsalva (Fig. 25.13).

Anomalous Origin of the Coronary Arteries Outside
of the Aortic Root. In certain instances, the coronary arter—
ies may arise from a location outside of the sinuses. While
some of these anomalies may be potentially malignant, as dis—
cussed later, many are benign. A high origin of a coronary
artery occurs when its ostium is located 1 cm or greater above
the sinotubular junction. This most commonly affects the
RCA (Fig. 25.14). Although this origin is benign, its location
could lead to accidental injury during surgical manipulation
of the ascending aorta.

Ret ‘ oaortic. In a retroaortic course, the anomalous coronary
artery arises from the opposite sinus and courses posteriorly
between the aorta and left atrium. This most commonly occurs
when the LCx or left main coronary artery arises from the right
sinus of Valsalva, either directly from the aorta or from the
proximal RCA (Fig. 25 .15A). In rare instances, the RCA can
arise from the left sinus with a retroaortic course (Fig. 25 .15B).
While these are benign anomalies, they can be inadvertently
injured during aortic valve or annular surgery.

. Pulmonary Catficw Tract (FLEVJLIZ'JI‘EIC
{at l’recar- iac). A prepulmonic course occurs when an
anomalous coronary artery courses anterior to the RVOT
(Fig. 25.16). Most commonly, this abnormality involves the
LAD or left main coronary artery. This prepulmonic vessel
often arises directly from the proximal RCA in the setting of
a single coronary artery (Fig. 25.17). If the LAD has a prepul-
monic course, the LCx may have a retroaortic course or can
arise directly from the left sinus. In addition, the anomaly may
be accompanied by a small anomalous septal branch arising
from the right cusp to supply the basilar septum. Less com-
monly, the RCA may have a prepulmonic course, usually in
the setting of a single left coronary artery.

‘31
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l Jr .1. iii“ i 1:. High Origin of the Right Coronary Artery (RCA).
Sagittal oblique MIP image shows the RCA (yellow arrows) arising
from the ascending aorta (AA) and coursing inferiorly between the
aorta and pulmonary artery (PA) before entering the AV groove (white
arrow). A high origin, which is a benign anomaly, occurs when a cor—

Till: .L H! 5.111. Prepulmonic Course. Axial oblique image from
a coronary CTA shows that the left main coronary artery (white
arrows) arises from the right sinus of Valsalva (R) and courses ante-
riorly around the right ventricular outflow tract (RVOT), consistent
with a prepulmonic or precardiac course. No coronary artery arises

onary artery ostium is located greater than 1 cm above the sinotubular from the left sinus of Valsalva (L). This is a benign anomaly.
junction (black arrow). This most commonly affects the RCA.

E It .! Iii ! \. Retroaortic Course. A: Axial oblique image through the aortic root from a coronary CTA in a 47-year-old man shows that the
origin of the LCX (white arrowhead) is from the right coronary sinus (R). The LCX then courses posteriorly (black arrows) between the aortic
root and left atrium (LA) before entering its normal territory (black arrowheads). The LCX has a separate ostium from the RCA (yellow arrow).
The LAD (white arrow) originated from the left coronary sinus. Incidental note is made of a bicuspid aortic valve (yellow arrowhead). B: Sagittal
oblique image from a coronary CTA in a 9—year—old child shows ostium of the RCA (black arrow) arising from the left sinus (L) and coursing
posteriorly between the left atrium and aortic root (black arrowhead) before entering the right atrioventricular groove (yellow arrow). While the
LCX anomaly is not uncommon, a retroaortic course of the RCA is extremely rare. Both are benign courses.
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_i?_‘-'£:":=‘f.-f.§'5i_.;Hi - I7". Incidental Discovery of a Single Right Coronary Artery in a 54-Year-Old Woman With Atypical Chest Pain. A: C-view of the
RCA shows a single right coronary artery (yellow arrowhead) arising from the right sinus (R) and trifurcating into the RCA (yellow arrows),
with large branches extending both superiorly (white arrow) and inferiorly (black arrow). Except for mild atherosclerotic disease, the RCA is
otherwise normal. No coronary artery arises from the left sinus (L). B: Coronal oblique MIP shows that the inferiorly directed artery in A (black
arrow) represents a retroaortic LCX (black arrows) coursing posteriorly between the right atrium (RA), left atrium (LA), and noncoronary sinus
(N). C: Axial oblique MIP image shows that the superiorly directed artery in A (white arrow) is a prepulmonic LAD (white arrows) which courses
around the right ventricular outflow tract (RVOT). D: In addition to these three larger vessels, axial oblique l\/IIP shows a very small anomalous
septal branch (white arrowheads) originating from the proximal RCA (yellow arrow) to supply basilar septum. In this instance of a single coro—
nary artery, all of the anomalous courses are benign. However, there are numerous configurations of single coronary arteries which can have both
benign and potentially malignant configurations.

Eeptai (intramvocardial) Course. A septal course usu- interarterial course discussed below. Although it can rarely
ally involves the LAD arising from the right coronary sinus be associated with myocardial ischemia, in most instances
(Figs. 25 .17D and 25.18). It is important to recognize the it is benign.
inferomedial course of the vessel that dives into the prox-
imal aspect of the left ventricular septum as this distin- Non-coronary Sirius. Origin from the noncoronary sinus is
guishes this benign course from the potentially malignant an extremely rare anomaly. This can occur with the RCA or left
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lL'f,'.i'_f-.5{-I'i H E‘ _ » Septal Course of the Left Anterior Descending Coronary Artery (LAD). A: Axial oblique and (B) coronal oblique images from a
coronary CTA show the LAD arising from the proximal RCA (yellow arrows) and coursing inferiorly and medially (black arrows) before diving
into the interventricular septum (white arrowheads). The proximal and mid LAD (white arrowheads) run in the wall of the left ventricle consis—
tent with a long-segment myocardial bridge. The distal LAD (white arrow) reenters its normal location in the epicardial fat. This benign course
needs to be delineated from the potentially malignant interarterial course Where the coronary artery crosses directly between the main pulmonary
artery and aorta and does not have the inferiorly directed course as seen in this case.

F-l{.[_ HI I?" . Iii". Maximum-intensity projection image through the
sinuses of Valsalva in a 43—year-old woman with atypical chest pain
shows the RCA (yellow arrow) arising from the noncoronary sinus
(N). The left main (white arrow) arises from the left sinus (L). No cor-
onary artery arises from the right sinus (R). A coronary artery arising
from the noncoronary sinus is an extremely rare anomaly. (Courtesy
of Jacobo Kirsch, MD.)

main coronary artery (Fig. 25.19). Although there is little infor-
mation on this anomaly given its rarity, it is often considered a
benign anomaly.

Abnormalities in Origin, Possibly Malignant
interarterial Course. With an interarterial course, a
coronary artery arises from the opposite sinus and courses
medially between the aorta and pulmonary artery. This can
involve the RCA (Fig. 25.20), left main (Fig. 25.21), or
LAD. Unlike the retroaortic or septa] course, an interarte-
rial course, especially when involving the left main or LAD,
can lead to myocardial ischemia, infarction, and sudden car—
diac death. The cause of this is believed to be multifactorial.
When the artery courses medially, it can experience extrin-
sic compression between the aorta and pulmonary artery.
Compression can worsen during exercise due to physiologic
dilation of the aorta and pulmonary artery at a time when
myocardial oxygen demand increases. Proximal compression
can also occur as the vessel passes through the aortic wall,
which is termed an intramural course. The intramural course
can be of various lengths and is often identified on imaging
by soft tissue attenuation surrounding the proximal coro-
nary artery. As it courses through the wall of the aorta, the
narrowed vessel has an ovoid shape with an increased height/
width ratio (Figs. 25.20 and 25.21). In addition, the coro-
nary artery ostium is often dysplastic and “slit like,” further
reducing blood flow into the vessel. Lastly, the proximal ves—
sel can have a tangential course with an acute angulation
that leads to a further reduction in blood flow.
An interarterial course of the RCA is more common than

those involving the left system. In patients with an interarte-
rial RCA, a higher incidence of symptoms and adverse cardiac
events has been reported in those with a more superior course



of the interarterial vessel (between the aorta and pulmonary
artery) as compared to those with a more inferior course
(between the aorta and right ventricular outflow tract). How-
ever, in most patients, an interarterial course of the RCA is
an incidental finding which does not cause ischemia. When an
interarterial course of an RCA is identified, surgical correction
is recommended if the patient has chest pain, ischemia, syn~
cope, presyncope, or LV dysfunction in the appropriate vascu-
lar territory. Asymptomatic adults often undergo a stress test
to determine Whether there is inducible ischemia in the affected
vascular distribution. If ischemia is absent on stress testing,
many currently favor no intervention. However, practices vary
depending on the patient’s age and the specific institution.
Compared to the RCA, an interarterial course of the

LAD or left main has a higher association with myocardial
ischemia and sudden cardiac death. Surgical correction is
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Elsi-5!?J‘Ji’ffifl "‘ Incidental Finding of an Interarterial Course of the
Right Coronary Artery (RCA) in a 56-Year—Old Man. A: Axial oblique
image from a coronary CTA shows the proximal RCA (white arrows),
which arises just above the left coronary sinus, coursing between the
aorta (A0) and pulmonary artery (PA). The proximal vessel is nar-
rowed and surrounded by soft tissue attenuation (black arrows),
whereas the RCA 2 cm distal (yellow arrow) is normal in size and sur—
rounded by epicardial fat (yellow arrowhead). The soft tissue attenu—
ation represents the intramural portion of the artery where it courses
in the wall of the aorta. In addition, whereas coronary arteries should
have a relatively straight course from its ostium, this interarterial RCA
takes a near—90-degree turn rightward just distal to its ostium (white
arrowhead) creating an acute angulation. B: Sagittal oblique image
through the proximal RCA (white arrow) shows marked narrowing
and an abnormal ovoid configuration of the vessel which is taller than
it is wide. C: Sagittal oblique image a few centimeters distal to the
RCA ostium shows a normal rounded appearance to the RCA (white
arrow) where the height and width are equal. The findings in A and B
are diagnostic on an interarterial course. An interarterial course of the
RCA can be an incidental finding or can lead to ischemia.

recommended in most cases even if the finding is incidental.
This can occur Via various techniques including unroofing,
reimplantation, or bypass.

Anomaious Gigs; of the Left Main Coronary Fitter
from the Pulmonary” Artery. Anomalous origin of the left
main coronary artery from the pulmonary artery (ALCAPA), or
Bland—Garland—White syndrome, is a rare congenital anomaly
with an estimated incidence of 1/300,000 live births. In utero,
admixture of blood and high pulmonary pressures allow for
adequate perfusion of the left main coronary artery. In the neo-
natal period, pulmonary pressures remain high enough to allow
for adequate perfusion of the left main coronary artery with
pulmonary arterial blood. However, during the first few months
of life, pulmonary artery pressures begin to decrease. Once this
occurs, the timing of symptoms depends on the presence or
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absence of collaterals. In the absence of adequate collaterals,
the decrease in pulmonary pressures leads to inadequate blood
flow from the PA into the left main coronary artery. This can
lead to myocardial ischemia, infarct, and cardiac death in 90%
of infants in the first year of life (Fig. 25.22). However, if robust
RCA collaterals are present, high pressure systemic blood from
the RCA will flow retrograde into the left main distribution and
ultimately into the main pulmonary artery due to lower pulmo-
nary pressures. This retrograde blood flow from the RCA to the
left main and into the main pulmonary artery creates a phys-
iologic state akin to a fistula (Fig. 25.23). Due to preferential
flow into the lower-pressure PA and not the microcirculation,
capillary hypoperfusion may lead to chronic subendocardial
ischemia. Patients with this pattern of ALCAPA often present
in their third or fourth decade of life with subacute symptoms
such as angina, dyspnea, palpitations, and fatigue. While some
patients with ALCAPA may be asymptomatically discovered in

f It .‘l. 'H I- I i . .1 | . Interarterial Course of the Left Main Coronary Artery
in a 14-Year—Old Boy Who Presented to the Emergency Department
after Cardiac Arrest while Playing Basketball. A: Axial oblique image
from a coronary CTA shows the left main coronary artery (white
arrow), which arises above the right coronary sinus, coursing between
the aorta (A0) and pulmonary artery (PA). The proximal vessel is
severely narrowed. B: Sagittal oblique image through the proximal
left main near the ostium shows severe narrowing of the LM (white
arrow), which has an ovoid shape as it courses between the aorta and
pulmonary artery. The vessel measures 2 X 1 mm in diameter. C: Sagit-
tal oblique image 1 cm distal to the ostium; the LM has a more normal
rounded shape and size (white arrow), measuring 4 X 4 mm. A 5-mm
intramural course of the proximal left main was confirmed at surgery.
Interarterial course of the left main or LAD is less common than that
of the RCA but has a much high incidence of sudden cardiac death.

their eighth decade of life, ventricular arrhythmia and sudden
death are still common in this population.

Singie Coronary Artery. With a single coronary artery,
all coronary artery branches arise from a single vessel which
can have various benign or potentially malignant anomalous
courses (Fig. 25.17). A single RCA is more common than left.

Ostial. A‘I’Zresia. Ostial atresia is an extremely rare abnor-
mality where the ostium of the RCA or left main does not
develop (Fig. 25.24). It more commonly affects the left main
coronary artery ostium than the RCA ostium. While the
ostium is atretic, just distal to the atretic segment normal cor-
onary artery anatomy is present. This anomaly is often asso-
ciated with sudden cardiac death in newborns but patients
can survive into adulthood if collateral pathways between the
opposite coronary circulation exist.
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Fifi-[IJRIE Jill. Anomalous Origin of the Left Main Coronary Artery From the Pulmonary Artery (ALCAPA) in an 8-Week—Old Infant With
Poor Feeding, Lethargy, and Irritability. A: Sagittal oblique image from a CTA shows the left main coronary artery (black arrow) arising from
the pulmonary artery (PA) with subsequent bifurcation into the LAD (white arrow) and LCX (black arrowhead). B: Anterior image from catheter
angiography confirms the presence of ALCAPA with the left main (black arrow) arising from the PA.

w. r“: .__‘ n m. 2 ,iwww r: fr, m m 1 reported in up to 58% of patients undergoing coronary CTA
[hit":i‘li‘jfirifli‘fiui _.:-:L 3"...) iii‘el i 3 LJWZ‘DZ and in up to 86% of autopsies. Bridging most often involves

the mid-LAD where a band of myocardial tissue extends
(\ziygcafdial B3idgifig around the vessel (Fig. 25.25). The depth and length of the

l“ bridged segment can vary significantly from a few millime-
An intramyocardial course of a coronary artery, or myocar— ters to a few centimeters. While the vessel is compressed
dial bridging, is a common incidental finding and has been during systole, this rarely leads to symptoms as the coronary
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HM H4131. 2: i Anomalous Origin of the Left Main Coronary Artery From the Pulmonary Artery (ALCAPA) in a SO-Year-Old Woman With
Chest Pain. A: Coronal oblique image of the left main coronary artery from a gated CTA of the chest shows a dilated left main coronary artery
(white arrow) arising from the pulmonary artery (PA), consistent with ALCAPA. B: Coronary angiogram with a right coronary artery (RCA)
injection shows a diffusely dilated RCA and associated branches (yellow arrows). Flow from these dilated vessels fills the left circumflex (black
arrowheads), left anterior descending (black arrows), and left main (white arrow) via retrograde flow. The blood then drains into the pulmonary
artery (PA) creating a large fistula. Due to the presence of collateral circulation, the patient was able to survive into adulthood with this congenital
abnormality.

Patty Pua MD
Highlight
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E If. .i. it}; 33‘ Ostial Atresia in a 51-Year-Old Woman. A: Axial oblique MPR through the expected location of the left main coronary artery
shows complete absence of the vessel (white arrowhead). The left main distal to the atresia can be seen trifurcating into the LAD (white arrow),
ramus intermedius (yellow arrowhead), and LCX (yellow arrow). The patient underwent coronary artery bypass surgery when she was 15 for
surgically proven left main ostial atresia. B: Still image from a coronary angiogram with injection in the expected location of the left main ostium
shows no hint of ostial development (white arrowhead).

arteries fill during diastole. Although the vast majority of compression, persistent diastolic lumen diameter reduction,
myocardial bridges are an incidental finding on coronary increased blood flow velocities, retrograde systolic flow,
CTA, myocardial bridges can lead to angina and ischemia and reduced coronary flow reserve. In addition, there is an
through various mechanisms including phasic systolic vessel increased incidence of coronary artery atherosclerotic disease
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l IN. lit L -w- Myocardial Bridging in a 22-Year—Old Man With Repeated Visits to the Emergency Department for Chest Pain. A: Sagittal
oblique image from a coronary CTA shows the mid—LAD diving into the left ventricular myocardium (white arrows), consistent with a 38-mm
myocardial bridge which measured 8 mm in depth. No other abnormalities were found, and stress imaging showed no abnormality. Although this
is a common incidental finding and of little clinical significance in the majority of patients, due to his repeated symptoms and lack of other expla-
nation for pain, the patient elected to undergo surgery. B: Surgical image during myotomy shows the mid-LAD surrounded by myocardium (white
arrow). Two months after surgery, the patient returned to the emergency department with chest pain similar to that experienced prior to surgery.
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proximal to the bridge, although the bridged segment is typi-
cally free of disease. Although there are no definitive imaging
findings to distinguish between incidental and symptomatic
bridges, deep bridges are more likely to be symptomatic.

Intracavitary Course
Compared to myocardial bridging, an intracavitary course
of the coronary artery, where the vessel dives into a car—
diac chamber, is relatively rare. In most reported instances,
this involves the RCA extending into the right atrium
(Fig. 25.26). In one large autopsy series of 331 patients, this
abnormal course was seen in 1.8%. However, in a retrospec-
tive review of over 9,284 coronary CTAs, the anomaly was
seen in only 0.15% of the studies. This anomalous course
should not cause any symptoms in relation to compression,
but the vessel could be inadvertently injured during right
heart cannulation, instrumentation, ablation therapy, or
even central line placement.

Split (Double) Coronary Artery
_ ,_ l, )3 _, W , _ A split or double coronary artery is an extremely rare anomaly.
EMUlIEi—’ the?“ Intr‘fi'avfitary cours‘g’f the RCAVIVH, I: :gtYeagqld In most instances, there is one coronary artery arising from the
ail resenting to t e mergency epartment. H 3“ a.m' sinus of Valsalva, which then divides in its proximal portionC-v1ew of the RCA (yellow arrows) shows the distal RCA coursmg . t t ll 1 t . h . th .

within the right atrium. This is a benign course, although the vessel “.1 O W0 para 6 C(ilronary 3,1: Sims t, at mirrorh Clr coprsesd
could be theoretically injured during various forms of intervention. Slnce in most cases t_ ere 13 3 5mg C ostlum, many 3Y9 pre erre

7 W _ __ to use the term “split” to describe this anomaly (Fig. 25 .27A).
In rarer instances there is a true “double” or du licate cor-= . . .ponary artery where each has an independent orlgin from the
aortic sinus with near—parallel courses (Fig. 25 .27B). In general,
this is a benign anomaly.

:-?::=..:_—':—‘_ ' " ' "‘ "' -. —.—..‘_." ’ ‘. '.
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l‘it .l. . l9.) ' ' 'F. Incidental Findings of Extranumerary Coronary Arteries in Two Patients Presenting to the Emergency Department With Chest
Pain. A: A 6—mm MIP C—view of the RCA in a 38—year—old man shows a single RCA proximally (yellow arrow), although a few centimeters distal
to its origin, the vessel splits in two. The larger vessel (white arrows) gives rise to various acute marginal (AIVI) branches and continues distally
as the PDA. The smaller vessel (black arrows) does not give rise to any AM branches and continues as the PLV. B: Dual left anterior descending
(LAD) coronary artery in a 30—year—old man. Axial oblique MIP shows two LAD vessels. The first is a smaller LAD arising from the left main
coronary artery which supplies the proximal LAD territory (white arrows). The second is a larger LAD arising from the right coronary sinus and
supplying the mid and distal LAD territory through a septal course (black arrows). These are both benign anomalies.
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| H .I '13.! ’2‘ .38. Coronary Artery Fistula. Sagittal oblique multipla-
nar reformat from a retrospectively gated coronary CTA showed dif-
fuse tortuosity and dilation of the LCX (yellow arrow), a portion of
which drains into the left pulmonary artery (white arrow). The LAD
territory shows subendocardial hypoperfusion (white arrowhead).

ABNORMALITIES IN TERMINATION
Coronary Fistula

Coronary artery fistulas may be acquired but are most often
congenital. Fistulas can involve either the left or right coronary
systems, and the literature varies on which distribution is most
common. No matter which coronary artery is involved, drain—
age is most commonly to the right side (from the coronary sinus
to the pulmonary artery) and physiologically acts like a left-to-
right shunt. In nearly all cases, the involved coronary artery is
markedly dilated and tortuous and such a finding on CT should
lead to suspicion of a fistula (Fig. 25.28; Video 25.1). Although
a fistula can be incidentally found, patients often present with
congestive heart failure due to long-standing shunt, ischemia
due to a steal phenomenon (preferential flow of blood through
lower~pressure fistula instead of through higher~pressure capil—
lary bed), or endocarditis.

CORONARY ARTERY DISEASE
Coronary artery disease (CAD) is the leading cause of mor—
tality of both men and women in the western world. One of
the most common indications for coronary CTA is for the
assessment of CAD. The excellent spatial resolution of cor-
onary CTA allows for evaluation of coronary artery stenosis,
remodeling, and characterization of coronary plaque. Just as
important, a normal coronary CTA examination can exclude
CAD as the cause of a patient’s symptoms.
Although there are multiple indications for coronary CTA,

one of its main uses is in patients with nonacute chest pain
and a low to intermediate pretest probability of having severe
obstructive coronary disease. The use of coronary CTA in
patients with a high probability of having obstructive CAD
is questionable. More recently, the use of coronary CTA in
select patients with acute chest pain has become more widely
adopted. However, as discussed in more detail below, this test
should not be performed in patients having acute coronary
syndrome (AC5) with ST elevation or elevated troponin levels.

Coronary Artery Calcification
While coronary artery CTA is not recommended for screening,
noncontrast evaluation of the coronary artery calcification
(CAC) in asymptomatic patients is recommended in specific
populations. This includes low-risk patients with a family his-
tory of premature coronary heart disease (male first-degree
relative <55 years or female first~degree relative <65 years)
and patients with intermediate-risk factors (10~year risk of
coronary heart disease of 10% to 20%) and no history of
CAD. In addition, asymptomatic adults 240 years of age with
diabetes can also undergo screening. Per the U.S. Preventative
Task Force, screening CAC should not be obtained in
low-risk patients (<10% 10-year risk of coronary heart
disease). In addition, as CAC is a screening study, it should
not be performed in patients who have previously had a
MACE.
In the appropriate patient population, coronary artery

calcium scoring (CACS) has been a well-validated marker
for cardiovascular risk and can provide incremental value to
other population-based data, such as the Framingham Risk
Score (FRS). Higher CACS is indicative of a greater likelihood
of cardiovascular death. Compared to individuals with a 0
CACS, the hazard ratio for having a major coronary event was
3.89, 7.08, and 6.84 in patients with a 1 to 100, 101 to 300,
and >300 CACS, respectively. In patients with extremely high
scores (Agatston score >1,000), the relative risk was 10.8. A 0
CACS is also of important prognostic value as those without
coronary calcium are unlikely to develop a MACE. In a review
of 25,903 asymptomatic subjects without coronary calcium,
less than 1% had a cardiac event during a 51-month follow—up
period.
Currently, CACS is performed using prospective ECG

gating with data reconstructed at a 2.5—mm slice thickness. A
tube potential of 120 kV is still recommended for CACS as
this kV was used for the initial Agatston scoring method, and
lowering the kV (70 kV, 80 kV, or 100 kV) would increase the
calcium score due to blooming artifact. While older research
studies report a radiation dose of around 1.5 mSv for a
CACS, modern scanners can perform this at a fraction of this
dose.
Once the CACS scan is reconstructed, various software

packages automatically highlight areas along the coronary
artery territories with an attenuation greater than 130 HU
(Fig. 25 .29). These areas are then manually selected or rejected
by the radiologist or technologist to calculate an Agatston
score which takes into account both the size and highest den—
sity of the plaque. By entering the Agatston score into a CACS
calculator, the patient’s score can be compared to those of the
same age, gender, and ethnicity. While asymptomatic patients
may undergo CACS for screening, many institutions perform
CACS as part of their routine protocol for patients undergo-
ing contrast-enhanced coronary CTA.

Coronary Piaque and Remodeling
An advantage of coronary CTA is its ability to characterize
coronary atherosclerotic plaque. In general, coronary plaques
can be characterized by their composition, pattern of remodel-
ing, and degree of luminal narrowing.
Coronary artery plaques, or fibroatheromas, are classified

as calcified, noncalcified, or mixed. While CAC can be either
intimal or medial in location, intimal calcifications are the cal—
cifications related to atherosclerotic disease. Intimal calcifica-
tions, which occur due to an osteoblastic-like factor released
from intimal vascular smooth muscles cells, are associated
with hypertension, dyslipidemia, cigarette smoking, and
other proinflammatory conditions. The noncalcified portion
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:fi.‘it3‘rlil%.}i £35.29. Calcium Scoring for Prediction of Future Cardiac Events. A 73-year-old asymptomatic man with a history of hypertension,
smoking, and hyperlipidemia undergoes a calcium score CT. A: Axial image from a calcium score CT shows areas of atherosclerotic disease in the
LAD distribution and LCx distribution marked as red and blue, respectively. B: The patient’s total calcium score via the Agatston method was
1,121 which places the patient in the 83rd percentile for patients of the same age, gender, and ethnicity who are free of clinical cardiovascular
disease and diabetes.

of a plaque is comprised of two main components within the
intima, a fibrous cap which overlies a lipid—rich necrotic core.
Pathologically, plaques can be classified as stable or vul-

nerable. Atherosclerotic plaques are more vulnerable to rup-
ture with a thinner fibrous cap and larger underlying necrotic
core. When the fibrous cap ruptures, the highly thrombogenic
necrotic core enters the coronary artery lumen to cause an
acute thrombotic event. Plaque rupture is the leading cause of
MACES, and the severity of event will vary depending on the
degree of luminal thrombosis. Plaque erosions can also lead to
major cardiac events and occur when a portion of the coro-
nary artery endothelium sloughs off. As the endothelium pro-
vides a nonthrombogenic surface, the loss of the endothelial
layers can precipitate thrombosis formation in the region of
the absent endothelium. Since plaque erosion is less common
and no current noninvasive imaging techniques are available
to predict this process, it will not be discussed.
Imaging manifestations on coronary CTA to help to iden-

tify vulnerable plaques include positive remodeling and low-
attenuation plaques. Positive remodeling refers to outward
growth or expansion of both the coronary artery and asso—
ciated plaque (Fig. 25.30). The causes of positive remodeling
are complex, but it is primarily caused by medial and adven-
titial inflammation which weakens the underlying framework
of the coronary artery and causes its outward expansion. In
addition to the medial and adventitial inflammation, intimal
inflammation causes thinning of the fibrous cap. As the ves-
sel expands outward, the inflamed and thinned fibrous cap is
stretched making it more prone to rupture. In the presence of
a large necrotic core, tension and inflammation of the fibrous
cap increase making the plaque more vulnerable to rupture. It
is important to remember that positive remodeling (outward
growth) and negative remodeling (inward growth, stenosis)
usually occur together. In cases where positive remodeling is
the predominant growth pattern, luminal narrowing may be
only mild to moderate, and therefore, the patients will remain
asymptomatic. It is also important to remember that positive
remodeling can lead to a visual overestimation of stenosis.

The attenuation of the noncalcified plaque can also be
assessed to identify vulnerable lesions. In general, a high—
attenuation plaque tends to correspond to a fibroatheroma
with a larger and thicker fibrous cap and thus has a smaller
likelihood of rupture. On the other hand, a low—attenuation
plaque, defined as a plaque with attenuation value <30 HU,
corresponds to a plaque with a larger lipid-rich necrotic core
and thus has a higher propensity to rupture (Fig. 25 .30). While
either the presence of positive remodeling or low—attenuation
plaque on coronary CTA increases the risk of a future acute
coronary event, the presence of both findings dramatically
increases the risk. In a study by Motoyama et al. assessing
plaque characteristics associated with subsequent develop-
ment of an acute coronary event in 1,059 patients, 22.5% of
patients with both findings develop an acute event compared
to 3.7% with one finding and 0.5% with neither positive
remodeling nor low-attenuation plaque.
An additional coronary CTA finding that may be indicative

of a thin-cap atheromatous vulnerable plaque is termed the
“napkin-ring” sign (Fig. 25.31). This is visualized as a rim of
high attenuation surrounding an area of low attenuation rep—
resenting the inflamed fibrous Cap surrounding the necrotic
lipid core, and its presence can be an independent predictor of
a future acute coronary event. The presence of these imaging
findings should be mentioned in the coronary CTA report, as
they may lead to changes in patient therapy.

CGE'Qi'iary Stsnfisis. Negative remodeling, or inward growth
of a plaque, causes coronary artery stenosis. This stenosis can
occur rapidly in the setting of an acute coronary thrombo—
sis or plaque rupture. However, in many instances, stenosis
occurs slowly due to continued growth of a stable plaque.
As CT technology has continued to improve, there has

been increasing sensitivity and negative predictive value for
morphologic evaluation of the coronary arteries in compari-
son to catheter-based angiography. More recent multicenter
trials using 64-slice CT have demonstrated even greater effi-
cacy for morphologic evaluation. A 2008 meta-analysis of
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I it .'I EH 2 i (it). Positive Remodeling in a 55-Year—Old Man With Atypical Chest Pain. A, B: Axial oblique (A) and transverse (B) images
of the left main coronary artery (LM) show exuberant mixed, but predominantly noncalcified, plaque which partially wraps around the
vessel (white arrows). The plaque leads to outward growth of the vessel, termed positive remodeling. Within the positive remodeling, there
is a focus of low-density plaque measuring 10 HU (yellow arrow). The presence of both these findings suggests a “vulnerable plaque” with
a greater likelihood to rupture and potentially cause an acute myocardial event. Including the plaque, the maximum transverse diameter
of the vessel measured in B was 8 mm, Whereas the proximal and distal LM have a maximal diameter of 6 mm and 4 mm, respectively. This
illustrates the outward growth (positive remodeling) of the vessel. The luminal diameters of the proximal (white arrowhead, A), mid (black
arrow, A, B), and distal (black arrowhead, A) LM are 5 mm, 3 mm, and 4 mm, respectively, consistent with a 33.3% stenosis. While the
positive remodeling is a predominant feature, there is usually a concomitant component of negative remodeling (stenosis) as well.

64-slice coronary CTA among 1,296 patients in 28 studies
showed a pooled sensitivity of 98%, specificity of 89%, pos-
itive predictive value (PPV) of 93%, and negative predictive
value of 100% in comparison with catheter angiography. A
more recent meta-analysis using dual~source CT technology
demonstrated similarly excellent results even in the setting of
higher heart rates. The most recently published multisociety
appropriateness guidelines for coronary CTA consider stable

symptomatic patients at low to intermediate risk for coronary
events suitable for this test. '
When reviewing a coronary CTA, it is imperative to use

both multiplanar reformatted (MPR) reconstructions and
axial images to assess the degree of stenosis. While maximum-
intensity projection or volume—rendered images can supple-
ment the use of MPRs, they should not be used for primary
diagnosis. Multiple vendors offer software tools beyond MPRS

E- Fill is‘. 1'. :1 Napkin-Ring Sign. Transverse (A) and longitudinal (B) images through the mid—LCX show positive remodeling with only
a mild stenosis. The positive remodeling demonstrates a few areas of low attenuation plaque (yellow arrow). In addition, there is fine
linear enhancement along the periphery of the noncalcified plaque, creating a “napkin—ring” sign (white arrows, A, B). This is another
finding suggestive of a “vulnerable plaque.”
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.lfiiGUi-i‘i 1”. 1.215 1.. Semi-Automated Stenosis Measurement in a 70-Year-
Old Man With a Severe Stenosis in the LCX. Curved MPR images
through the LCx show a focal area of noncalcified plaque leading to a
stenosis (white arrows). The diameter 1 cm proximal and distal to the
stenosis measures 3.3 mm and 2.9 cm, respectively, for a mean diame—
ter of 3.1 cm. The diameter in the areas of stenosis measures 0.44 mm.
This corresponds to an 86% stenosis.

which can perform semiautomated stenosis calculations,
assess plaque morphology, measure total plaque volume, and
create curved MPR images of each vessel (Fig. 25.32).
For all vessels except the left main coronary artery, where a

stenosis >50% is considered severe, coronary stenosis is quan—
tified as absent (0%), minimal (1% to 24%), mild (25% to
49%), moderate (50% to 69%), severe (70% to 99%), and
occlusive (100%) (Fig. 25.33). In patients with stable chest
pain, a coronary artery etiology is highly unlikely in those with
absent, minimal, or mild stenosis. Although a 70% or greater
stenosis is considered severe, a stenosis 250% can potentially
lead to hemodynamic compromise and therefore may be sig-
nificant. Therefore, the presence of a moderate stenosis may
require functional assessment with exercise ECG, exercise or
pharmacologic nuclear stress testing, or stress echocardiogra-
phy. In patients with a severe stenosis, functional assessment
or an invasive catheter angiography should be considered.
In addition to evaluation of anatomic stenosis, the myocar-

dium should be closely evaluated to assess for subendocardial
myocardial perfusion defects (Fig. 25.34). In the presence of a
significant stenosis, this usually represents an area of myocar-
dial ischemia or infarct. If a retrospective ECG—gated coronary
CTA is performed, at least 10 phases should be reconstructed
at uniform intervals to allow for assessment of biventricular
function which can be quantified using various software tools.
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Even with the use of ECG mA modulation, functional data
can still be obtained throughout the cardiac cycle. This can
be useful to evaluate for regional wall motion abnormalities
associated with myocardial ischemia or infarct (Fig. 25.35).
While the negative predictive value of coronary CTA for

assessment of coronary stenosis is excellent, the PPV is less
optimal. One of the main reasons for this is the presence of
moderate and even severe stenosis which is not hemodynami-
cally significant, as determined by functional imaging or inva-
sive catheter angiography. Cardiac CT stress imaging and CT
fractional flow reserve (CT—FFR) are two newer techniques
that can help provide physiologic data which can further
increase the PPV of coronary CTA.
In myocardial perfusion CT, images of the heart and coro-

nary arteries are obtained during the early portion of first-pass
circulation, when iodinated contrast is predominantly intra—
vascular. Akin to nuclear medicine stress testing, this is often
done both at rest and during pharmacologic stress. A single
acquisition, where the heart is scanned once during rest and
once during stress, or a dynamic acquisition, where the heart is
scanned multiple times during both stress and rest, can be per-
formed. While the dynamic acquisition provides more detailed
perfusion data, the radiation dose will be higher albeit similar in
range to a 99mTc and less than a 201T1 and dual-isotope SPECT
for viability assessment. Stress and rest attenuation maps of the
myocardium can be generated to determine if a coronary ste-
nosis seen on CTA correlates with myocardial hypoperfusion.
Similar to MRI stress testing, which is discussed in more detail
below, myocardial ischemia on first-pass perfusion will manifest
as regional subendocardial hypoperfusion corresponding to a
specific vascular territory during stress that should improve or
resolve during rest. Infarcted tissue should show persistent per-
fusion defect(s) during rest imaging. Iodinated contrast will con-
centrate in infarcted tissue and can be visualized by obtaining a
third scan 5 to 10 minutes after the last contrast administration.
Although delayed—enhancement CT shows high accuracy for the
detection of infarcted tissue, it often underestimates the degree
of infarct size when compared to MRI.
The second method is CT-FFR. The concept of CT—FFR is

derived from invasive coronary angiography where the differ-
ences in pressure across a stenosis are directly measured. An
FFR measurement of 1 means that there is no change in pres—
sure across a stenosis, whereas an FFR of 0.7 means that the
pressure distal to the stenosis is only 70% of that proximal to
the stenosis. In general, a FFR of 0.8 or lower is considered
hemodynamically significant. With CT—FFR, the data from a
standard coronary CTA undergo computational fluid dynamic
modeling and deep machine-based learning algorithms. This
allows for both anatomic and hemodynamic information to
be obtained from a single acquisition. Multiple studies have
shown that the use of CT—FFR in conjunction with coronary
CTA improves accuracy and specificity (Fig. 25.36). This can
change treatment strategy and avoid unnecessary invasive test-
ing, especially in those with anatomically moderate stenosis.

Corona??- CTA. in the Seating cf Acme Chest Fain.
ACS includes myocardial infarction with ST elevation
(STEMI), myocardial infarct without ST elevation (NSTEMI),
and unstable angina. In patients with acute chest pain and
ECG changes or elevated cardiac troponin levels, the first
line of therapy is thrombolysis and revascularization. Except
in very rare exceptions, noninvasive imaging should not be
performed in patients with ACS. However, coronary CTA is
an excellent tool to assess patients presenting to the ED with
acute chest pain, a low to intermediate risk of CAD, and a
negative troponin level. In general, a coronary etiology of the
chest pain is unlikely in patients without a significant steno—
sis on coronary CTA. Multiple prospective trials have been
performed to compare the use of coronary CTA to standard
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l'l’i’i‘fiiéli Degrees of Stenosis by CTA. Transverse
images through the right coronary artery in five different
patients (white arrows) show (A) minimal stenosis (1% to
24% narrowing), (B) mild stenosis (25% to 49% narrowing),
(C) moderate stenosis (50% to 69% narrowing), (D) severe
stenosis (70% to 99% narrowing), and (E) occlusion (100%
stenosis).
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ZRVEGURE. 257' 1.- Subendocardial Hypoperfusion in a 60-Year—Old Woman With Chest Pain. A: Short-axis image through the mid-cavity of the
left ventricle shows a severe stenosis of the LAD (white arrow). B: Two—chamber image demonstrates subendocardial hypoperfusion in the LAD
distribution (white arrows). On CT, the hypoperfused myocardium could represent ischemic or infarcted tissue.

1’}"‘J!x‘:??‘i"fffl_~’-;.ii R- Left Main Coronary Artery Territory Myocardial Infarct in a 60-Year-Old Man in Disseminated Intravascular Coagulation
(DIC), Platelet Count of 2,950/mL, Troponin I of 57.7 ng/mL, and a Heart Rate of 122 bpm. A: Axial oblique image from a retrospectively gated
coronary CTA shows near-complete occlusion of the LM (white arrows). B: Short-axis image through the base shows subendocardial hypoper—
fusion involving the anteroseptal (white arrow), anterior (red arrowhead), anterolateral (red arrow), and portions of the inferolateral (yellow
arrowhead) and inferoseptal (yellow arrow) segments. These findings are consistent with infarcts in both the LAD and LCX distributions. The
inferior segment (black arrow) and portion of the inferolateral and inferoseptal segment are supplied by the RCA which was normal.
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i H. .l. Id i. 3m. Myocardial Perfusion Imaging and CT-FFR in a 75-Year-Old Man With Episodic Chest Pain. A: Four-chamber image from a stress
perfusion CT shows hypoperfusion (blue pixels) in the septum and apex consistent with LAD territory ischemia. The rest perfusion study was nor-
mal. B: CT—FFR image from the same patient shows significantly reduced flow in the mid and distal LAD (white arrow), with CT—FFR values less
than 0.8. Flow in the LCX and RCA territories is normal. The patient underwent stenting of his LAD. (Images courtesy of Joseph Schoepf, MD.)

of care therapy, such as functional stress test, in the emer-
gency department setting. Each showed that coronary CTA,
compared to the standard of care, allows for earlier discharge
without a significant difference in adverse cardiac events.
Similar to patients with stable chest pain, those with a mod-
erate stenosis may still have hemodynamic compromise and
may need to undergo functional testing or invasive coronary
angiography (Fig. 25.37).

MRI IN CORONARY
ARTERY DISEASE

MR Imaging of the Coronary Arteries
While coronary CTA is the primary noninvasive technique for
evaluating the coronary arteries, coronary MR angiography
(cMRA) has demonstrated value as a potential alternative tech—
nique. Coronary MRA has some distinct advantages as studies
can be performed without intravenous contrast and patients
are not exposed to ionizing radiation. However, compared
to coronary CTA, cMRA is limited due to its reduced spa—
tial resolution, longer exam times, and operator dependency.
Although there are advocates for using this technology in the
assessment of CAD, cMRA is not currently used for the assess-
ment of CAD in most institutions. Coronary MRA is accepted
as a tool to assess for anomalous coronary arteries and coro—
nary artery aneurysms, especially in the pediatric population
or those with severe contrast allergies (Fig. 25.38). At 1.5 T,
cMRA is performed using a whole-heart, free-breathing, 3D
steady—state free precession (SSFP) sequence. Blood appears
bright on SSFP sequences due its inherent T2/T1 weighting,
obviating the need for contrast. At 3 T, gadolinium contrast
agents are recommended due to the different sequences used.

MR Assessment of the Myocardiuri.
in Coronary Artery Disease

MRI is one of the strongest tools in the noninvasive evalua-
tion of cardiomyopathies. It is considered the gold standard
for evaluating cardiac function and can differentiate between
ischemic and nonischemic etiologies of myocardial injury and
dysfunction. The below section will concentrate on the use of
cardiac MRI for ischemic cardiomyopathies, as its use in the
assessment of nonischemic cardiomyopathies is presented in a
different chapter.
When a patient undergoes a cardiac MRI with a known or

suspected ischemic cardiomyopathy, the radiologist has four
main goals: confirm (or refute) the suspected diagnosis, eval-
uate cardiac function and morphology, assess for myocardial
viability, and look for any complications. Functional evalua-
tion is performed using an SSFP sequence at 1.5 T and either
a GRE of SSFP sequence at 3 T. To acquire a single slice along
a prespecified cardiac plane, an expiratory breath-held, retro-
spectively gated, segmented sequence is obtained over multiple
heart beats. Depending on the patient—related factors, such as
heart rate, rhythm, and breath—hold ability, as well as technical
factors, such as use of parallel imaging, k-space filling tech-
niques, and TR optimization, this breath hold can last between
5 and 12 seconds. Although protocols vary by institution,
in most instances, a single SSFP (or GRE) cine sequence is
obtained in the two-, three—, and four—chamber planes. How-
ever, the mainstay for functional evaluation is the short-axis
plane. Using a 6— to 8-mm slice thickness, sometimes with a
2—mm gap between slices, a short-axis stack of cine SSFP (or
GRE) sequences are obtained through the entire cardiac axis
from the mitral valve plane to the cardiac apex.
When placed in a cine viewer, SSFP imaging allows detailed

assessment of wall motion and thickness. Due to the territorial
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distribution of the coronary arteries, myocardial infarct or
ischemia will manifest as a wall motion abnormality localized
to a specific vascular territory (Figs. 25.39 to 25 .41). Depend-
ing on the severity of injury, the wall motion can be described as
hypokinetic (reduced contractility), akinetic (no contractility),
or dyskinetic (paradoxical movement). This distribution of
motion abnormality due to infarct can significantly vary given
the heterogeneity of coronary artery distribution and location
of obstruction. In most patients, the anterior and anteroseptal
segments at the base and mid-cavity levels are supplied by the
LAD and its branches (Fig. 25.39). Portions of the anterolat-
eral segments can be supplied by diagonal branches from the
LAD depending on a patient’s anatomy. The LCX and its OM
branches will often supply the inferolateral segment but can
also supply portions of the anterolateral and/or inferior seg-
ments depending on size and dominance (Fig. 25.40). At the
apical level, in many patients, the anterior, lateral, and septal
segments are supplied by the LAD distribution and the infe-
rior segment is supplied by the PDA. The cardiac apex (seg~
ment 17) is usually supplied by the LAD. If the left main is

IGEQURF £5 Coronary CTA in a 46—Year—Old Man With a
History of Smoking and Hypercholesterolemia Who Presented to the
Emergency Department With Nfild Chest Pain and Normal Troponin
Levels. A: Longitudinal image through the LAD shows multiple
areas of calcified and mixed plaque leading to two long-segment
areas of severe stenosis (white arrows) and a focal area of severe ste—
nosis in between (red arrow). There were only areas of mild plaque
and stenosis in the LCx and RCA distributions. B: Short—axis image
through LV base shows subendocardial hypoperfusion in the LAD
distribution (white arrows). C: Right anterior oblique image from
subsequent cardiac catheterization shows two long—segment areas of
severe stenosis (white arrows) and more focal severe stenosis (red
arrow) corresponding to findings on CTA.

involved, myocardium in both the LAD and LCX distributions
will be affected. If a patient is right dominant, the RCA and its
PDA and PLV branches will supply the inferoseptal, inferior,
and possibly portions of the inferolateral segments at the base
and mid-cavity levels, depending on the size and extent of the
PLV branch (Figs. 25.41 and 25.42). Wall motion abnormal-
ities corresponding to one of these vascular distributions is a
good clue that the underlying etiology is coronary in origin.
Even in multivessel disease Where wall motion abnormalities
may involve multiple territories, the degree of dysfunction and
extent of myocardial injury often varies between territories
allowing for diagnosis.
Other signs of myocardial injury due to infarct depend on

the acuity of the injury. In the setting of a recent MI, there
may be increased subendocardial signal intensity in the myo-
cardium on T2-weighted sequences secondary to myocardial
edema. These T2—weighted sequences are usually performed
using a double inversion recovery, “black blood,” prepara—
tion used to null the signal in the blood pool or a triple inver-
sion recovery preparation to null both the signal in blood
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13.)}? iii-Lil iii A 3D SSFP MRA of the coronary arteries in a 15~year-
old boy with chest pain and an abnormal echocardiogram show an inter-
arterial course of the RCA which is narrowed proximally (white arrows).
Although there are advocates for using coronary MRA to assess for ath—
erosclerotic coronary artery disease, most institutions use cMRA to assess
for anomalous coronary arteries and coronary artery aneurysms, espe—
cially in the pediatric population or those with severe contrast allergies
(R, L, N = right, left, and noncoronary sinuses, respectively).

and fat (Fig. 25 .41; Video 25.4). It should also be mentioned
that myocardial edema can sometimes be seen on an SSFP
sequence due to its T2/T1 weighting (Fig. 25 .42). Microvas—
cular obstruction (MO), another sign of an acute or subacute
infarct, is discussed below.

As the myocardium remodels after an infarct, the affected seg-
ments can become thinned depending on the severity of injury.

{
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1 It .1 R EV :- i. EH. Transmural LAD Territory Infarct With Apical Aneurysm and Thrombus in a 77-Year—Old Man. A, B: 2—chamber (A) and 4-chamber
(B) images from a cine SSFP sequences demonstrate thinning of all the apical segments of the left ventricle (white arrows) which were also dyskinetic. The
anteroseptal segment at the mid-cavity level was also thinned and akinetic (yellow arrow). The anterior segments at the mid—cavity level (white arrowhead,
A) and base (yellow arrowhead) were hypokinetic. There is a low-signal mass in the left ventricular apex consistent with a thrombus (black arrows).

This thinning is often associated with worsening function as the
affected segments may become akinetic or dyskjnetic (Figs. 25.39,
Videos 25.2 and 25.3; 25 .40 and 25.42). While myocardial thinning
often suggests scarring, it does not necessarily indicate nonviable
myocardium, which is assessed using delayed enhancement imaging.
First-pass myocardial perfusion imaging is performed

during the administration of intravenous gadolinium, which
is a contrast medium that shortens T1 relaxation. In areas of
ischemia and infarct, subendocardial predominant hypoper—
fusion is often seen corresponding to the region(s) of wall
motion abnormality identified in cine imaging (Fig. 25.41).
Ten to 15 minutes after the injection of gadolinium,

delayed images are usually acquired. Although gadolinium is
an extracellular agent, it can accumulate in areas where there
has been acute myocyte injury secondary to cell membrane
disruption seen in acute or subacute infarct (Figs. 25.41 and
25.42) or it can accumulate in areas with an increased inter-
stitial space, such as in an area of scarring as seen in chronic
infarct (Figs. 25.39 and 25.40). This retained gadolinium leads
to T1 shortening in the affected areas. To highlight the effects
of gadolinium, the delayed enhancement sequences are per-
formed at a set inversion time which is used to null the signal
of the normal myocardium. As myocardial injury from an
infarct starts in the subendocardial region of the ventricle and
extends outward, subendocardial late gadolinium enhance-
ment corresponding to a coronary artery segmental territory
is indicative of myocardial infarction. The extent of LGE is
directly related to the likelihood of successful revasculariza-
tion with bypass grafting or percutaneous coronary interven—
tion. Subendocardial enhancement measuring <50% of the
regional myocardial thickness is associated with functional
recovery after revascularization (Fig. 25 .41), while areas of
>50% transmural LGE extent are much less likely to respond
to revascularization (Figs. 25.39, 25.40, and 25.42). If the
infarct involves the entire thickness of the myocardium, it is
called a transmural infarct. Large transmural infarcts, espe-
cially those in the LAD distribution, are more likely to cause
left ventricular aneurysms (Fig. 25.39). Due to alterations of
blood flow, anterior left ventricular aneurysms have a propen—
sity to develop thrombus which can subsequently embolize.



him?3:17.133. _., 3215*. (Continued) C, D: 2—chamber (C) and 4—chamber (D) gadolinium delayed enhancement images shows transmural enhancement of the
dyskinetic to akinetic segments (white arrows) consistent with non-Viable myocardium. However, the hypokinetic anterior segments at the mid—cavity
(white arrowhead) and base (yellow arrowhead) show no enhancement and could improve function With revascularization. The apical thrombus (black
arrows) is devoid of signal.

BTii’T-(i73:31}; 1.275;“). Left Circumflex Territory Infarct (LCX) in a 67-Year—Old Patient With History of Myocardial Infarction. A, B: 4—chamber (A) and
mid-cavity short axis (B) images from SSFP cine sequences show thinning of the anterolateral segments and portions of the inferolateral segments of
the left ventricle at the base and mid—cavity levels (white arrows). These segments were also akinetic. C, D: 4—chamber (C) and mid-cavity short-axis
(D) LGE images show transmural enhancement in the akinetic segments (white arrows) consistent With non-Viable myocardium. Although this terri-
tory could potentially be supplied by a large diagonal branch from the LAD, cardiac catheterization confirmed a proximal LCX occlusion in this right
coronary artery dominant patient.
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try}; .E H I- l i .1 1 . Subacute Myocardial Infarct in the RCA Distribution in a Patient With Right Coronary Artery Dominance but a Relatively Small
Posterior Left Ventricular Branch. A: Short axis image through the base of the left ventricle from a cine SSFP sequence shows mild thinning of the
inferior segment which was hypokinetic (white arrow). B: T2—weighted triple inversion recovery image through the base shows subendocardial high
signal due to edema from recent infarct (white arrow). C: Short—axis perfusion image at the base shows subendocardial hypoperfusion which can be
seen with ischemia or infarct (white arrow). D, E: Short-axis (D) and two—chamber (E) LGE images show thin subendocardial delayed enhancement
(white arrows) involving the inferior segment at the base and mid—cavity level consistent with infarct. Given that the enhancement is less than 50%
of the myocardial thickness, the underlying myocardium is considered Viable, and the patient is likely to recover function after reperfusion.

| H. .l iii. 2 1-4:. Subacute Myocardial Infarct in the RCA Distribution in a Patient With Right Coronary Artery Dominance and a Large Posterior
Lateral Ventricular Branch. A: Short axis image from a SSFP cine sequence at the mid~cavity level obtained after intravenous contrast injection shows
severe edema and early enhancement of the inferoseptal, inferior, and inferolateral segments (white arrows). An areas of low signal within these seg-
ments represents a focus of rnicrovascular obstruction (MVO, yellow arrow). B: Short axis LGE image at the same level shows near transmural infarct
(white arrow) with a large focus of MVO (yellow arrow). C: Right anterior oblique image from a cardiac catheterization performed one week earlier
shows the severe stenosis in the distal RCA (white arrow). The PLV is a large branch which explain the extent of injury to the inferolateral segment.
D: Image from a cine SSFP sequence 6 months later at the same level as (A) shows thinning the inferior and inferolateral segments (white arrows) which
were akinetic. Although the inferoseptal segment appears thicker, it was also akinetic (white arrowhead). E: Short axis LGE image 6-months later at the
same level as (C) shows thinning and near transmural enhancement of the affected segments (white arrow) with associated functional decline consistent
with abnormal left ventricular remodeling. The MVO has resolved.



' - 1 Cardiac MRI Stress Test. Stress imaging (first row)
shows hypoperfusion of the inferior segments from the base to the
apex (white arrows) which resolves on rest imaging (middle row).
Delayed-enhancement imaging demonstrates no evidence of infarct.
Subsequent cardiac catheterization showed a severe PDA stenosis
requiring stent placement.

Microvascular obstruction (MO) is a specific form of myo-
cardial reperfusion injury that occurs after therapy for an acute
MI. The cause of MO is multifactorial and is thought to be
caused by the release of cytotoxic mediators that cause local
vasoconstriction, capillary endothelial swelling, myocardial
edema, hemorrhage, and microembolization of atheroscle-
rotic debris. The exact timing of MO is unclear, but it occurs
nearly immediately after reperfusion, can increase in size
and extent up to 48 hours after injury, and can be seen up to
1 month after reperfusion. Given severity of the injury, gado—
linium cannot diffuse into the areas of MO. Therefore, on LGE
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imaging, the areas of MO appear as dark, nonenhanced areas
surrounded by enhancing infarct (Fig. 25.42). When present,
MO is an indicator of severe myocardial injury that often leads
to adverse left ventricular remodeling and is an independent
predictor of worse patient outcomes.

Niki 3:: the Assessmeni of Ischemia. Stress MR imaging
using SSFP and perfusion imaging can be used to distinguish
ischemia from prior myocardial infarction. Rest followed
by stress MR imaging is often performed using pharmaco—
logic agents such as adenosine because of the challenges of
introducing MR-compatible equipment into the MR imaging
suite to perform physiologic stress testing. Similar to other
imaging-based stress techniques, segmental, subendocardial
hypoperfusion on stress imaging which returns to normal on
rest imaging suggests myocardial ischemia (Fig. 25.43). Since
LGE is performed, stress MRI can also assess for areas of scar-
ring from infarct. Although not as widely used, recent studies of
stress MR imaging demonstrate sensitivity of 0.82 to 0.92 and
specificity of 0.75 to 0.94, suggesting that stress MR imaging is
as good as conventional approaches of stress imaging.
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Compared to coronary angioplasty alone, coronary stents cre—
ate a larger residual diameter and reduce the rate of resteno-
sis. In-stent restenosis occurs in up to 35% of patients with
bare-metal stents and up to 10% of patients with drug-eluting
stents. In addition to restenosis, stent thrombosis, sometimes
fatal, can occur.
Coronary CTA can be used to evaluate for stent occlusion

and restenosis (Fig. 25.44). In general, stents 23 mm in diam~
eter are more likely to be evaluable. However, evaluation can

I IL_.I IN. I- i i .«H. Stent Evaluation Using Coronary CTA. A: Curved MPR image through the LAD in a 59-year-old woman with chest pain shows
a patent stent (white arrow) with no in—stent restenosis. However, there is a severe stenosis distal to the stent (white arrowhead). B: Curved MPR
through the LAD in a 66—year—old man demonstrates an area of hypoattenuation in the distal aspect of the stent due to in-stent restenosis (white
arrow). In addition, there are moderate stenoses in the LAD proximal and distal to the stent (white arrowheads). While the negative predictive
value for CTA in assessing in-stent restenosis is high, the positive predictive value is low.
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be difficult given the metal artifact created by the struts of the
stent. In one large meta—analysis using 64-slice CT, the overall
NPV of CT was high at 97% but the PPV was very low at
53%. In general, thin-slice image reconstruction with a sharp
kernel, small field of View, and use of wide windows is rec—
ommended to optimize stent visualization. Low-kV imaging,
which will often reduce contrast dose and increase the attenu-
ation of contrast, will increase the metallic artifact associated
with stents.

Coronary Artery Bypass Grafts
Since its introduction in 1962, coronary artery bypass grafting
(CABG) has remained the definitive treatment for advanced
CAD. Patency of the coronary grafts is critical for long-term
survival and depends on the type of graft that is used. In the
VA Cooperative Study, internal mammary grafts had a patency
rate of 85% after 10 years, as compared to 61% for saphe-
nous vein grafts (SVG). ECG-gated CTA is an excellent tool for
assessing the patency of coronary artery bypass grafts. Since
internal mammary artery grafts originate from the subclavian
artery, it is important to perform an ECG—gated evaluation of
the entire chest. In most instances, the left internal mammary
artery (LIMA) is used due to its proximity to the left ventric-
ular apex. This vessel is dissected from the parasternal region
and anastomosed to the LAD due to its higher patency rate
(Fig. 25.45). Due to its high patency rate, the LIMA graft usu—
ally appears as a well—opacified, small-caliber vessel coursing
inferiorly through the anterior mediastinum and eventually
into the epicardial fat where it will anastomose with the distal
LAD. Although stenosis is most common near the distal anas-
tomosis, it can occur anywhere along the vessel.
SVG are harvested from the legs and attached as a free

graft to the ascending aorta and coronary artery distal to
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the site of obstruction. A rightward—directed SVG usually is
directed toward the RCA distribution and will anastomose
with the PDA. Leftward-directed SVG can anastomose with
various vessels including the LAD, diagonal, OM, and LCx
arteries (Fig. 25 .46). While an SVG can supply a single vessel,
in some instances a sequential or “jump graft” will be used
where a single vein is anastomosed to multiple adjacent ves-
sels, such as a diagonal and OM vessel. When evaluating a
SVG, it is important to evaluate the entire graft for patency
and signs of opacification distal to the graft, which suggests
graft patency. When an SVG does thrombose, all that may
be visible is a small vascular outpouching from the ascending
aorta, a finding that is sometimes referred to as the “nubbin
sign” (Fig. 25.46).
It is also important to evaluate for complications such as

SVG aneurysm (SVGA) (Fig. 25.47). Aneurysms of saphenous
venous grafts after coronary artery bypass are not uncommon,
but the exact incidence is unknown. Nearly 70% of SVGA
occur more than 10 years after initial CABG, while approx-
imately 10% occur within the first 5 years. The size widely
varies, but in case reports, the average SVGA exceeded 6 cm in
diameter and SVG-to-RCA distribution grafts are most com—
mon. The pathophysiology leading to SVGA is primarily due
to accelerated atherosclerosis. While most cases are asymp-
tomatic, SVGAs can become symptomatic due to thrombosis,
rupture, fistulization with adjacent structures, or compres-
sion of adjacent structures. Both surgical and percutaneous
approaches have been used to treat aneurysms with variable
success.
Pseudoaneurysms of either internal mammary or saphe-

nous vein bypass grafts are a rare complication. They most
commonly occur due to graft breakdown and dehiscence
(Fig. 25.48). Compared to SVGAs, they tend to occur at the
proximal or distal anastomotic sites and within the first weeks
to months after surgery. Treatment is usually surgical.

i I{_.l_ Itl" ER .45. . Bypass Graft Assessment in a 60—Year—Old Man Status Post Coronary Artery Bypass. A: Curved
parasagittal maximum-intensity projection (MIP) image from a gated CTA of the chest shows a patent left internal
mammary artery (LIMA) bypass graft (white arrows) arising from the left subclavian artery (red arrow) and anasto—
mosing with the distal LAD (black arrow). There is good opacification of the LAD distal to the anastomosis (black
arrowhead). B: Curved MIP shows a patent saphenous vein graft (red arrows) arising from the aorta (black arrow) and
anastomosing with the second obtuse marginal artery (black arrowhead). The RCA (white arrow) is without significant
disease. ECG-gated CTA of the thorax is an excellent tool for assessing the patency of coronary artery bypass grafts.
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FIGURE; s .46. Saphenous Vein Graft (SVG) Occlusions on Coronary CTA in a 64-Year—Old Woman With a History of
CABG. A: Axial oblique image through the ascending aorta shows a small outpouching from the aorta (white arrow) with a
subtle thrombosed saphenous vein to diagonal bypass graft (white arrowhead). B: The patient’s saphenous vein to posterior
descendlng artery bypass graft (white arrow) was also thrombosed. The appearance of these small outpouchings from the
aorta has been referred to as the “nubbin sign.”

1.711]; L5 H l. . J ". Incidental Findings of a Saphe-
nous Vein Graft Aneurysm (SVGA) in a 77—Year-
Old Man. A: Posterioranterior and (B) lateral
chest radiographs showed a well-rounded mass
in the anterior mediastinum (white arrows).
Given the location and adjacent coronary artery
bypass clips (black arrow, B), the finding is con-
cerning for a bypass graft aneurysm. C: Coronary
oblique MPR image from a gated CTA shows
the SVGA (white arrows). SVGA is a late com-
plication after CABG.
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i Hjl. £123.13 1.??1“?.-'-EH. Saphenous Venous Graft Pseudoaneurysm in a 40-Year—Old Man With Worsening Chest Pain 2 Days After Surgery. A: Axial
noncontrast image from a gated CTA shows heterogeneous fluid collection surrounding the aortic root with areas of high attenuation suggestive
of blood products (white arrows). B: Axial image at the same level after administration of contrast shows contrast extravasation near the right
sinus of Valsalva (white arrow). The patient underwent redo sternotomy which showed that the RCA saphenous venous graft had dehisced from
its aortic anastomosis. Bypass graft pseudoaneurysms are uncommon and usually occur at the anastomotic sites.

CORONARY ARTERY ANEURYSM
AND PSEUDOANEURYSM

Coronary artery aneurysm is defined as a segment of the cor-
onary artery that measures more than 1.5 times the adjacent
normal coronary artery. Of all of the different etiologies of
coronary artery aneurysms, atherosclerotic disease is the most
common, accounting for approximately 50% of coronary
artery aneurysms diagnosed in adults (Fig. 25.49). The exact
incidence is unknown as many atherosclerotic coronary artery
aneurysms (ACAA) are detected incidentally.
The most common cause of aneurysms in the pediatric

population is Kawasaki disease (KD), which is a systemic
small- and medium-vessel vasculitis which occurs in infants
and young children (Fig. 25.49). It is the leading cause of
acquired childhood heart disease in the United States, and cor-
onary artery aneurysms are a major cause of morbidity in this
population. Smaller coronary artery aneurysms may decrease
in size or resolve in patients with KD, but giant aneurysms
(>8 mm) do not regress and can lead to myocardial infarct or
death due to rupture or stenosis/thrombosis. In addition to
atherosclerosis and KD, there are many additional causes of
coronary artery aneurysms including other vasculitides, con-
nective tissue disease, inflammatory conditions, and fistulas.
Coronary artery pseudoaneurysms are rare and usually iat-

rogenic due to coronary catheterization (Fig. 25.50). They can
also occur from infection, trauma, or even be idiopathic. Due
to their risk of rupture, treatments include stenting, coil embo-
lization, or surgical repair with or without bypass grafting.

CORONARY ARTERY DISSECTION
There are three main causes of coronary artery dissection.
The most common cause is percutaneous interventions such

as angioplasty, where coronary dissections occur in less than
1% of cases. In most cases, these dissections are limited and
can be successfully treated with stent placement. Retrograde
extension into the aorta can occur but is uncommon.
Type A aortic dissections involve the ascending aorta

and can extend into the aortic root. When the aortic root is
involved, obstruction of coronary blood flow can occur via two
mechanisms. First, the intimal flap can directly cover the ostium
of a coronary artery. Second, the dissection can extend from
the aorta into the coronary artery (Fig. 25.51). Both causes can
lead to coronary occlusion. When there is suspicion for a type
A dissection, ECG gating should be used so the aortic root and
coronary arteries can be evaluated in detail.
Spontaneous coronary artery dissections (SCAD) are the

third main cause of coronary dissection. This process usually
affects younger women and although considered rare, in one
institution, SCAD was the cause of MI in 24% of women
less than 50 years of age undergoing cardiac catheterization.
The occurrence of SCAD is most commonly associated with
pregnant or postpartum patients and in patients undergoing
intense exercise (Fig. 25 .52). However, other etiologies include
fibromuscular dysplasia, connective tissue disorders, systemic
inflammatory conditions, hormonal therapy, and even intense
emotional stress. Almost all patients present with ACS, and
treatment depends on the extent of the dissection and can
range from conservative therapy to CABG.

MECHANICAL COMPLICATIONS
OF MYOCARDIAL INFARCTION

Left ventricular free wall rupture, ventricular septal rupture
(VSR), and papillary muscle rupture are three catastrophic
mechanical complications after acute myocardial infarction.
Although timing can vary, these entities usually occur within the
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uTFJ " Coronary Artery Aneurysms. A: Sagittal oblique MPR image through the RCA in an 81—year—old man shows extensive ath—
erosclerotic disease with multiple RCA aneurysms (white arrows). The partially visualized LAD is also aneurysmal (white arrowhead). B: Axial
oblique image in a 5—year—old girl with a history of Kawasaki disease shows large aneurysms of the proximal LAD (white arrow), LCx (white
arrowhead), and RCA (yellow arrow). Atherosclerotic disease is the most common cause of coronary artery aneurysms in adults, while Kawasaki
disease is the most common cause in children.

first week after infarction and may be lethal if not quickly rec-
ognized and treated. These entities may be lethal if not quickly
recognized and treatment usually involves surgical repair.
A left ventricular pseudoaneurysm, also referred to as

left ventricular free wall rupture, occurs when there is a tear
through the myocardium which is contained by adjacent peri—
cardium or scar tissue (Fig. 25.53). Myocardial infarct is the
most common cause, but other etiologies include cardiac sur-
gery, trauma, and infection. Although many patients die imme-
diately after the rupture, a patient can survive if the rupture is
contained. It is important to differentiate true aneurysms and
pseudoaneurysm due to different treatments and outcomes.
Although most pseudoaneurysms involve the inferior and
inferolateral walls and most true aneurysms occur in the ante-
rior walls, both pathologies can occur in both regions and thus
location alone does not make the diagnosis. In general, true
aneurysms have a broad neck (Fig. 25.54). Pseudoaneurysms
usually have a narrow neck that has a diameter less than 50%
of that of the maximal diameter of the distal outpouching.
Although quite rare, a VSR occurs in 0.17% to 0.31% of

patients 1 to 5 days after an acute MI. Septal rupture can develop
after transmural infarct and leads to a left-to-right shunt which
can lead to complete hemodynamic collapse (Fig. 25.55). Even
with surgical intervention, overall operative mortality is 42.9%.
While the left ventricular anteromedial papillary muscle has

a dual blood supply, the posteromedial papillary muscle of the
LV is usually supplied only by the PDA. Therefore, the postero-
medial papillary muscle is 6 to 12 times more likely to rupture
after MI. Rupture usually occurs 2 to 7 days after an acute
MI, and if left untreated, up to 50% of patients can die within

iii-".1igiljil'il? 1 Axial oblique MPR in a 68-year-old man with dif-
fusely aneurysmal and calcified coronary arteries shows a defect in
the posterior wall of the left main coronary artery (LM, white arrow)
with surrounding hematoma (black arrows). The patient had under-
gone cardiac catheterization the day prior, and the injury was thought
to be iatrogenic. However, a large hole in the Ll‘vl was confirmed
during surgery which required repair.

24 hours and 94% at 2 months. If this muscle ruptures, the pos-
terior leaflet of the mitral valve becomes incompetent causing
severe mitral regurgitation which is often directed rightward,
more notably toward the right superior pulmonary vein (RSPV).
As pressures in the RSPV increase, there is decreased pulmonary
venous return causing asymmetric right~sided edema, which is
most pronounced in the right upper lung (Fig. 25.56).
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Hill Hi 2- '?fi'l. Type A Aortic Dissection Extending Into the LAD in a 55-Year-Old Man With Hypertension. A: Axial oblique image
through the aortic root shows the type A dissection. The dissection flap (black arrows) extended into and occluded the left anterior
descending coronary artery (red arrows). Fortunately for the patient, he had an uncommon coronary artery variant where the LAD
and LCX have separate ostia from the left sinus of Valsalva (absent left main). Because of this, the LCX remained patent (white arrow).
B: Short—axis image through the base of the heart shows transmural infarction of the anterior, anteroseptal, and inferoseptal segments due
to LAD occlusion (white arrows). The LCX and RCA territories show normal perfusion.

A l ) lgfliiTiONAl} CONSIDERATIOPE-if”
As modern scanners continue to improve their spatial and tem-
poral resolution, aspects of cardiac pathology can be assessed
on nearly any routine chest or abdomen CT (Fig. 25.57).
While ECG gating is necessary to assess the coronary arter-
ies in detail, in many instances, the coronary ostia can be

visualized on routine scans, even those that are performed
without intravenous contrast. Similarly, myocardial perfusion
defects or other sequelae of infarct, such as fatty metaplasia
or calcification of the myocardium, left ventricular aneurysm,
and thrombus are often visible. Therefore, routine evaluation
of the heart should be added to one’s search pattern as part of
the assessment on any chest or abdomen CT.

I H' II ' it! 25:31. A 24-Year—Old Woman With a History of Spontaneous Coronary Artery Dissection (SCAD) With Subsequent Stenting
After Giving Birth to Her Second Child. A: Longitudinal image through the proximal LAD shows soft tissue attenuation surrounding the
vessel corresponding to the thrombosed false lumen (white arrows) which compresses true lumen (black arrow). There are a few areas of
contrast outpouchings that represent persistent filling of the false lumen (red arrows). The left ventricle is severely dilated and the patient’s
ejection fraction was 31%. B: Right anterior oblique image from a coronary catheterization shows areas of persistent filling of the false
lumen (red arrows) corresponding to the findings on CTA.
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PEGURE 25.53... Retrospectively Gated Coronary CTA in a 61-Year~
Old ManWith Recent LAD Territory Infarct. Coronal oblique reformat
shows the narrow-necked tear through the left ventricular myocardium
(white arrow) with distal pseudoaneurysm (yellow arrowhead) and
surrounding hemopericardium (white arrowheads). Pseudoaneurysm
formation represents a myocardial rupture contained by surrounding
pericardium or scarring. Although most common in the inferior seg—
ments, they can occur anteriorly as well.

} Ii 41 RP 253-4. Coronal oblique image through the base of the heart
in a 61—year—old man shows a large wide-mouthed true aneurysm of the
inferior wall which is surrounded by thin myocardium (white arrows).
The RCA is chronically occluded (yellow arrow). Due to its large size,
the patient underwent surgery with mesh repair of the inferior wall.
Pathology confirmed the imaging diagnosis of an aneurysm. Although
aneurysms are more common in the anterior segments, they can occur
inferiorly as well.

FIEEJ'ZE 725 .5 3:. Four-chamber image from a cardiac CTA in a 78-year-
old woman who developed worsening shortness of breath 4 days after
LAD territory infarct shows a large defect in the anteroseptal segment
at the base (black arrow) consistent with a postinfarct ventricular
septal rupture. The edges of the myocardium adjacent to the rupture
are hypoattenuating due to the infarct (red arrow). The patient died
1 day later.

1 l1 UIBI‘TII'I'IJ’d
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HI. .l 'l{ 13‘ £15 in. A: AP radiograph in a 49-year-old woman with severely worsening dyspnea 7 days after RCA territory infarct shows asymmetric
edema most notably in the right upper lung (white arrow). B: Four—chamber View from a bedside echocardiogram shows a flair posterior leaflet
(white arrow) leading to severe acute mitral regurgitation. The anterior leaflet (white arrow) is still attached to its chordae (yellow arrow) and
papillary muscle (yellow arrowhead). The rightward and superior direction of the jet causes this characteristic finding. The patient underwent
emergent surgery to repair the valve.

l' H .I It! ififlw . *2 "J". Cardiac Findings on Nongated CT Examinations. A: Axial image from a contrast—enhanced CT of the chest in a 71 year old
shows an anomalous septal course of the left anterior descending coronary artery (black arrow). B: Short-axis reconstruction from a routine
chest CT in a 59-year-old man shows subendocardial hypoperfusion in the inferior wall (black arrow). The patient had an acute MI 2 days prior.
C: Axial image from an abdominal CT in a 63—year—old woman shows a left ventricular apical aneurysm with a 2-cm thrombus (black arrow).
The finding was unknown to the primary team. D: Sagittal oblique MPR in an 85—year—old woman shows extensive calcification in the LAD
territory (red arrow) with subendocardial fatty metaplasia of the associated myocardium due to old infarct (white arrows). Fatty metaplasia is a
common finding and can be Visualized with or without contrast.
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