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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activity, participants will be able to:

m Discuss clinical and imaging features of
abnormalities that may involve the pedi-
atric coronary arteries beyond anoma-
lous coronary arterial origins.

m Describe potential sequelae and com-
plications of these conditions that may

result in clinical symptoms, and identify
imaging features of these complications.

m Identify the most appropriate imaging
modality for imaging of each entity.

See www. rsna.orgleducation/search/RG.

Coronary arterial abnormalities are uncommon findings in children
that have profound clinical implications. Although anomalies of the
coronary origins are well described, there are many other disease
processes that affect the coronary arteries. Immune system—medi-
ated diseases (eg, Kawasaki disease, polyarteritis nodosa, and other
vasculiditides) can result in coronary arterial aneurysms, strictures,
and abnormal tapering of the vessels. Because findings at imaging
are an important component of diagnosis in these diseases, the ra-
diologist’s understanding of them is essential. Congenital anomalies
may present at varying ages, and findings in hemodynamically sig-
nificant anomalies, such as fistulas, are key for both diagnosis and
preoperative planning. Pediatric heart surgery can result in wide-
ranging postoperative imaging appearances of the coronary arter-
ies and also predisposes patients to a multitude of complications
affecting the heart and coronary arteries. In addition, although rare,
accidental trauma can lead to injury of the coronary arteries, and
awareness and detection of these conditions are important for diag-
nosis in the acute setting. Patients with coronary arterial conditions
at presentation may range from being asymptomatic to having find-
ings of myocardial infarction. Recognition of the imaging findings is
essential to direct appropriate treatment.

©RSNA, 2017 » radiographics.rsna.org

Introduction
Abnormalities of the coronary arteries are uncommon yet important
findings in children at imaging. Although anomalies of coronary
arterial origin are relatively infrequent, with an estimated prevalence
of less than 1% of the population (1), they have been extensively
discussed in the literature. An understanding of the diverse disease
processes (beyond anomalous origins) that may affect the coronary
arteries is essential in interpretation of pediatric cardiac imaging
studies. Accurate diagnosis and prompt treatment of children with
these conditions can prevent adverse outcomes such as myocardial
ischemia or infarction.

In this article, we discuss the approach to imaging coronary arter-
ies in children and review the imaging features of entities other than
anomalous origins that may affect the coronary arteries in children,
including those that are of immune system—mediated, traumatic,
congenital, and postsurgical origins.

N
>
~
o
)
-
T
o
~
>
a
(]
S
>
o
z
)




RadioGraphics

1666 October Special Issue 2017

TEACHING POINTS

B When considering immune system-mediated diseases of the
coronary arteries, vascular findings should be correlated with
the clinical history and laboratory data.

B Giant aneurysms in KD present a higher risk for thrombosis
and infarction, and small aneurysms are more likely to re-
gress.

B Although myocardial bridging may be an incidental finding,
it is important for the radiologist to note the depth and length
of the involved segment, as these factors can allow prediction
of clinical significance.

B The age of the patient and severity of clinical presentation of
CAVFs vary depending on the degree of coronary steal syn-
drome and symptoms of ischemia.

B Patients with congenital heart disease often undergo surgery
that requires a coronary arterial reimplantation procedure,
which is typically accomplished via a button transfer tech-
nique. In this technique, a button of aortic tissue surrounding
the coronary ostium is transferred to its new location along
with the coronary artery. Awareness of this procedure is im-
portant to avoid confusion with an anastomotic pseudoan-
eurysm.

Imaging Approach
Conventional angiography is recognized as
the standard for diagnosis of many conditions
affecting the coronary arteries in children.
Although conventional angiography allows for
excellent evaluation of the vessel lumen, it is
limited because it does not clearly show the
relationship between the coronary arteries and
adjacent structures. In addition, it has the po-
tential to impart high doses of ionizing radia-
tion. Other disadvantages include procedure-
related complications such as pseudoaneurysm,
dissection, and stroke, as well as the need for
specialized equipment and personnel.

Echocardiography is excellent for visualizing
cardiac chambers. However, smaller structures
such as the coronary arteries may not be as well
seen. Adequate visualization of the coronary
arteries at echocardiography may be hindered in
larger children. As echocardiography does not
use ionizing radiation, it is useful in patients who
require repeated screening. It may also be useful
in settings in which evaluation of cardiac function
or wall motion is required.

Although magnetic resonance (MR) angiogra-
phy is not generally used for dedicated imaging
of the coronary arteries, coronary arterial origins
can typically be seen, particularly when an intra-
venous gadolinium-based contrast agent is used.
Although blood pool agents such as gadofosveset
were previously useful for vascular MR imaging
examinations, their current limited availability
from manufacturers has prompted the explora-
tion of other agents for this purpose, including
small superparamagnetic iron oxide particles
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such as ferumoxytol. Smaller, more distal ar-
teries may remain difficult to visualize even at
angiographic examination, especially in pediatric
patients.

In the era of multidetector computed tomog-
raphy (CT), coronary CT angiography is rapidly
becoming the preferred technique for anatomic
evaluation of the coronary arteries in children. In
addition to the excellent spatial resolution and
less-invasive nature of CT, this modality demon-
strates the relationship of the coronary arteries
to adjacent structures and is fast, often negating
the need for sedation. Data have shown excellent
correlation between findings at CT angiography
and conventional angiography (2,3). Despite there
being less ionizing radiation than from conven-
tional angiography, consideration must be given to
techniques to keep the CT dose as low as possible
in children, including reduced kilovoltage, higher
pitch, and the routine use of iterative reconstruc-
tion. An understanding of coronary arterial
anatomy as seen at CT angiography is essential for
interpretation of these examinations. A review of
the relevant anatomy is presented in Figure 1.

Immune System-mediated Conditions
Immune system—mediated pathologic condi-
tions of the coronary arteries are varied in clinical
presentation, and imaging findings may present
similar appearances in multiple entities. Clini-

cal findings are often nonspecific and may make
diagnosis challenging. When considering immune
system—mediated diseases of the coronary arter-
ies, vascular findings should be correlated with
the clinical history and laboratory data. The most
common vasculitides affecting coronary arteries in
children are Kawasaki disease (KD) and poly-
arteritis nodosa. Rarely, other immune system—
mediated processes, including Takayasu arteritis
and systemic lupus erythematosus (SLE), can
affect the coronary arteries. In the setting of heart
transplant, coronary allograft vasculopathy (CAV)
should be considered.

Kawasaki Disease.—KD is the second most com-
mon childhood vasculitis after Henoch-Schonlein
purpura and the most common vasculitis affect-
ing the coronary arteries (4). The peak age at on-
set is 2—3 years, and it is more common in boys,
with a male-to-female ratio of from 1.5:1 to 2:1.
In the acute phase, patients present with a vague
clinical syndrome that includes fever, conjuncti-
vitis, rash, and cervical lymphadenopathy. In the
subacute phase of KD, the fever resolves and pa-
tients are at their highest risk for development of
coronary arterial aneurysms and sudden cardiac
death related to acute thrombosis and infarction
(5,6). The convalescent phase begins at the end
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Figure 1. (@) Three-dimensional (3D) volume-rendered image from coronary CT angiography in a
17-year-old adolescent girl with right-dominant anatomy. The left main coronary artery (solid black
arrow) arises from the left sinus of Valsalva and divides into the left anterior descending artery (LAD)
(open black arrow) and left circumflex artery (LCx) (open white arrow). Diagonal branches arise from
the LAD, supplying the anterior and anteroseptal myocardium, apex, and anterior two-thirds of the
interventricular septum. Obtuse marginal branches arise from the LCx, supplying the anterolateral and
inferolateral left ventricular wall (these smaller branches are not well seen on this 3D volume-rendered
image). The right coronary artery (RCA) (solid white arrow) arises from the right sinus of Valsalva and
courses in the interventricular groove, supplying the right ventricle. Coronary arterial dominance is
defined by which coronary artery gives rise to the vessels that supply the inferior aspect of the heart.
In this right-dominant heart, the RCA gives rise to the posterior descending artery and posterolateral
ventricular branch (PLVB) and supplies the posterior one-third of the interventricular septum and in-
ferior wall of the left ventricle. (b) Three-dimensional volume-rendered image from coronary CT an-
giography in a 19-year-old man with left-dominant anatomy. Left- or codominant anatomy occurs in
15%-20% of the population. The LCx (open white arrow) gives rise to the posterior descending artery
(black arrow) and PLVB (solid white arrow), supplying the inferior wall of the left ventricle and posterior
one-third of the interventricular septum. In codominant hearts, the posterior descending artery is sup-
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plied by the LCx, and the PLVB is supplied by the RCA.

of the subacute phase, typically 4-8 weeks after
onset of the illness.

Cardiovascular complications are the lead-
ing cause of morbidity and mortality in KD (7).
Echocardiography is the primary imaging modal-
ity used to screen for coronary arterial aneurysms
in patients with KD. Echocardiography is pre-
ferred for screening because of its lack of ionizing
radiation and typically allows visualization of the
proximal coronary arteries, where aneurysms are
most commonly found.

Features of KD can also be seen at MR angi-
ography and CT angiography. These modalities
may be more useful in evaluating the distal coro-
nary arteries, especially in older or larger children
with more limited echocardiographic windows
(8-10). Use of MR angiography or CT angiogra-
phy in these settings may obviate the use of con-
ventional coronary angiography, which is more
invasive (10). Given its higher spatial resolution
and shorter examination time, CT angiography is
the preferred modality for KD diagnosis (11,12).
A potential benefit of MR angiography is that it

can enable evaluation for associated findings such
as myocarditis and pericarditis and assessment of
myocardial function.

Imaging findings of KD include coronary ar-
terial ectasia and aneurysms, lack of normal ta-
pering, and increased perivascular echogenicity
(13) (Figs 2, 3). Coronary arterial aneurysms in
KD are more likely to develop in the proximal
coronary arterial systems, with the proximal LAD
and proximal RCA being the most common sites.
Distal aneurysms are unusual in the absence of
proximal disease (7). Aneurysms are classified as
small (<5-mm internal diameter), medium (5-8
mm), and giant (>8 mm). Giant aneurysms in
KD present a higher risk for thrombosis and in-
farction, and small aneurysms are more likely to
regress (14,15). The calcifications that can be
seen within the periphery of aneurysms in KD
are seen to better advantage at CT angiography
and may be easily missed at MR angiography.

Other cardiac findings in KD include myocar-
ditis, which histologic evidence suggests is a nearly
universal finding, and pericarditis (7). Mitral or
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Figure 2. Fusiform aneurysmal dilatation in a 4-year-old boy with KD. Curved planar reformation (a)
from coronary CT angiography along the LAD and color Doppler echocardiogram (b) show long-segment
fusiform aneurysmal dilatation (solid black arrows) of the LAD, measuring 5 mm at its greatest internal
diameter. Perivascular echogenicity (x in b) and the proximal LCx (open arrow) are also demonstrated.

a.

b.

Figure 3. Fusiform aneurysmal dilatation in a 17-year-old adolescent girl with a remote his-
tory of KD. (a) Curved planar reformation from coronary CT angiography along the LAD shows
a giant (14-mm internal diameter) coronary arterial aneurysm with extensive long-segment
fusiform aneurysmal dilatation of the LAD (arrows) with eccentric mural thrombus, containing
calcifications. (b) Three-dimensional volume-rendered image shows extensive fusiform dilata-
tion (solid white arrow) of the LAD and a more focal fusiform aneurysm (open white arrow) of
the proximal RCA. The LCx (black arrow) courses behind the left ventricle on this view.

aortic valvular regurgitation may occur secondary
to associated ischemia or valvulitis or to transient
papillary muscle dysfunction involving the mitral
valve (7,16). Extracardiac manifestations may
include colitis and gallbladder hydrops (17). Sys-
temic aneurysms may also be seen in KD but only
in patients with coronary aneurysms (14).

Polyarteritis Nodosa.—Polyarteritis nodosa is a
rare childhood necrotizing inflammatory vasculitis
of medium or small vessels. The mean age at onset
in children is approximately 9 years, with no sex
predilection (18,19). Presenting symptoms are
nonspecific and include fever, myalgia, arthral-
gia, and skin lesions (18). The most commonly

involved organ systems are the skin, renal, and gas-
trointestinal systems; cardiac involvement is less
common (13,18). At laboratory analysis, patients
may have positive hepatitis B virus (HBV) surface
antigen, although HBV-associated polyarteritis
nodosa is less common in children (13).
Involvement of medium-sized visceral arteries
is characteristic in polyarteritis nodosa, primar-
ily involving the renal, hepatic, and mesenteric
arterial vasculature. Aneurysms of the visceral
arterial vasculature at conventional angiography
are generally accepted as diagnostic (13). Other
findings include arterial beading and caliber
variations, arterial tapering, stenosis, occlusion,
and pruning of the peripheral vasculature (20).
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Cardiac involvement is less common and
typically occurs in the setting of visceral involve-
ment. Although only 5%—-20% of patients have
symptoms of cardiac involvement (21), autop-
sies have shown evidence of coronary arteritis
at pathologic analysis in nearly half of patients
with polyarteritis nodosa (22). Cardiac manifes-
tations include coronary arteritis, pericarditis,
and, rarely, myocarditis (21). Congestive heart
failure can occur as a result of ischemia second-
ary to coronary arterial vasculitis, hyperten-
sion, or both (21,23). Heart failure has also
been shown to occur in the setting of normal
coronary arterial imaging (18). When heart
failure is present, typical imaging findings in the
coronary arteries mimic those in the abdomen
and include vessel caliber variation, thrombosis,
and aneurysmal dilatation, often better seen at
conventional or CT angiography, given that the
findings are often present in the mid- and distal
arteries. The characteristic “beads on a string”
sign often seen in polyarteritis nodosa in the
mesenteric vessels may be present at coronary
angiography as well (21) (Fig 4).
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Figure 4. Saccular and fusiform aneurysms in a 10-year-old boy with polyarteritis no-
dosa. (a) Axial maximum intensity projection (MIP) image from coronary CT angiog-
raphy demonstrates complete thrombosis (x) of the RCA and saccular and fusiform
aneurysms of the LAD (open arrow) and LCx (solid arrow). (b) Curved planar reforma-
tion along the LAD shows the extent of the aneurysms (arrow), which extend to the left
ventricular apex. (c) Correlative conventional angiographic image demonstrates the
saccular nature of the largest, proximal LAD aneurysm (arrow). (d) Three-dimensional
volume-rendered image redemonstrates the coronary arterial findings in the LAD (ar-
row), as well as multiple areas of dilatation in branch arteries.

Takayasu Arteritis.—Takayasu arteritis is a
large-vessel vasculitis that predominantly affects
the aorta and its main branches. Although it
typically affects young women, children may
also be affected, although rarely. Childhood
Takayasu arteritis typically manifests between
10 and 20 years of age, most commonly with
hypertension (24).

Tann et al (25) estimated that 10%-20%
of adult patients with Takayasu arteritis have
coronary arterial involvement, and multiple case
reports exist of coronary arterial involvement in
children (26-28). In adults, the most common
sites of involvement are the coronary arterial ostia
and proximal segments (29). Although there are
no large studies of the imaging findings of coro-
nary arterial involvement in Takayasu arteritis in
children, reported cases have described perivas-
cular hyperechogenicity at echocardiography (28)
and ostial and proximal coronary artery stenosis,
which can be severe (26-28).

Systemic Lupus Erythematosus.—Pediatric SLE
accounts for 10%—-20% of patients with SLE, with
an incidence of approximately 3.3 to 24 cases per
100000 children (30). Pediatric patients typi-
cally present between 12 and 16 years of age. The
female preponderance that is present in the adult
SLE population is much less pronounced in chil-
dren. SLE manifesting in childhood tends to be
more severe, with higher rates of solid-organ than
mucocutaneous or hematologic involvement and
a more aggressive clinical course (31). Common
presenting features of lupus in children include
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Figure 5. Multifocal aneurysmal dilatation in a 9-year-old girl with SLE. (a-d) Curved planar reformatted images (a—c) and 3D vol-
ume-rendered image (d) from coronary CT angiography demonstrate multifocal aneurysmal dilatation of the RCA (solid arrow in a and
d), left main coronary artery (white = in b—d), LAD (open arrow in b and d), and LCx (black * in c and d). (e) Three-dimensional vol-
ume-rendered image demonstrates aneurysmal dilatation of the infrarenal aorta (open arrow) and internal iliac arteries (solid arrows).

nephropathy, neuropsychiatric disease, arthritis,
fever, malar rash, and leukopenia (30).

Although the most common cardiac manifesta-
tion of SLE is pericarditis, other structures may be
affected, including the coronary arteries, myocar-
dium, and cardiac valves (32). In adult patients,
coronary arterial involvement in SLE typically
consists of premature atherosclerosis, whereas coro-
nary arterial vasculitis is more common in children
(32,33). Rates of coronary arteritis in childhood
lupus may range from 4% to 10% (32,33).

Coronary arteritis in SLE appears similar in
both children and adults and is characterized by
aneurysmal dilatation, both focal and diffuse, with
or without areas of stenosis (33-35) (Fig 5). These
findings have been more commonly demonstrated
at echocardiography (34) and conventional angi-
ography (35), although similar findings are visible
at CT (36). Following treatment, the coronary
arterial lesions may improve or resolve completely
(34). In severe cases, coronary arterial occlu-
sion leading to ischemia or infarction can occur
(32,35,37). This is typically secondary to vasculitis
in children (32,33).

Coronary Allograft Vasculopathy.—CAV is a form
of coronary arterial condition in heart transplant

recipients characterized by concentric fibrous
intimal hyperplasia (38). Although diagnosis can
be challenging, CAV is an important cause of graft
failure in transplant recipients, as graft survival is
approximately 50% at 5 years after diagnosis (39).
Presenting features of CAV are variable and
can include multiple episodes of rejection, ar-
rhythmia, or conduction abnormalities, as well
as recurrent chest or abdominal pain. Owing
to variations in reinnervation of the allograft in
recipients, patients with ischemia or infarction
in the setting of CAV may present with atypical
chest pain or no chest pain (39). Patients may also
demonstrate systolic or diastolic dysfunction in
the absence of rejection at presentation, and the
first symptom of CAV may be sudden death (40).
Pathologic changes include concentric intimal
hyperplasia, vasculitic changes, and thrombus
formation. These findings may affect not only
the coronary arterial vasculature but also the
coronary veins and can be seen in vessels of all
calibers, from large epicardial vessels to intra-
myocardial microvasculature. These features help
distinguish this entity from atherosclerosis (38).
The pathologic findings of CAV in children
are reflected in its imaging appearances, clas-
sically including diffuse irregularity and nar-
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Figure 6. CAVin a 16-year-old adolescent boy with a history of orthotopic heart transplant 4 years previously for
dilated cardiomyopathy, now with worsening diastolic dysfunction. (a-c) Curved planar reformatted images from
coronary CT angiography demonstrate a diffusely diminutive RCA (: in a), LAD (arrow in b), and LCx (arrow in c)
with diffuse mural thickening and luminal narrowing. (d) Axial coronary CT angiographic image shows pericardial
effusion (x). Although pericardial effusion has not been described in the setting of CAV, it may occur for many
reasons in the posttransplant patient, including as a result of rejection (43) or secondary to immunosuppressant

medications (44).

rowing of the epicardial vessels or pruning of
the distal vessel caliber, typically without focal
stenoses (39). The current standard for diagno-
sis is conventional angiography, which generally
has high specificity with moderate sensitivity
(41). It may be difficult to detect subtle changes,
and angiography remains an operator-depen-
dent technique that is technically challenging
in small patients. Findings similar to those seen
at conventional angiography can be identified
at CT angiography (42) (Fig 6) and MR angi-
ography (45). Although data are limited, MR
angiography may also show late gadolinium
enhancement in a subendocardial or transmural
pattern typical of infarct or enhancement of the
coronary artery vessel wall (45).

Many additional diagnostic parameters for
CAV have been explored in echocardiography,
including decreased ejection fraction (46), devel-
opment of restrictive physiology and wall motion
abnormalities (47,48), and reduced peak systolic
velocities (49). Although the role of echocardiog-
raphy is evolving, coronary angiography remains
the standard for diagnosis.

Congenital Conditions

Congenital anomalies of the coronary arteries

are uncommon, with an estimated prevalence of
0.2%-1.2% (50). The age of the patient and sever-
ity of clinical presentation depend on the degree
of hemodynamic impact, as not all congenital
coronary arterial anomalies are symptomatic.
Those that are not hemodynamically significant
may be incidentally detected. Although anomalies
of coronary arterial origin fall within this group,
they are not discussed in this article because of the
abundance of previously published literature on
this topic. Shriki et al (51) offer a comprehensive
review of anomalies of coronary arterial origins.

Myocardial Bridge.—Myocardial bridge is the
most common coronary arterial variant. It oc-
curs when a coronary arterial segment is located
partially or completely within the myocardium.
The most common location for myocardial
bridge is within the midsegment LAD, followed
by the distal LAD (52). In most patients, myocar-
dial bridge is considered to be a normal variant
(52,53). However, some authors have suggested
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Figure 7. Myocardial bridging in a 16-year-old adolescent girl with hypertrophic cardiomyopathy.
(a) Curved planar reformation from coronary CT angiography shows a long segment of deep myocar-
dial bridging (arrows) of the LAD. (b) Image from the same study in a slightly different plane shows a
septal perforating artery (arrow) that is distinct from the bridging and terminates in the myocardium,
a normal finding.

that it may not be an entirely benign entity (52),
as there may be an association with myocardial
ischemia, infarction, and sudden death (54).The
prevalence of myocardial bridging is much higher
in patients with hypertrophic cardiomyopathy
(about 30%) than in the general population
(1%-3%) (55), and myocardial bridging is a risk
factor for myocardial ischemia and sudden death
in these patients (56).

The likelihood that a myocardial bridge will
become symptomatic increases with increased
length and depth of the bridged segment, which
in turn influence the degree of systolic compres-
sion (57,58). When systolic compression is severe,
it may impair diastolic relaxation, resulting in de-
creased diastolic flow distally (52,58). Increased
sympathetic tone or tachycardia resulting in
decreased duration of diastole may also increase
the likelihood of ischemia (58). Although the
bridged portion of the artery is protected from
atherosclerosis, accelerated atherosclerosis can be
seen proximal to the bridge later in life (59).

CT angiography can delineate the anatomic lo-
cation, length, and depth of the myocardial bridge
and is the preferred imaging modality. It is more
sensitive than conventional angiography, which
only depicts bridges that are deep or demonstrate
significant systolic compression (53,58). Myocar-
dial bridging should be distinguished from cases
of septal perforating arteries, which terminate in
the myocardium. Although myocardial bridging
may be an incidental finding, it is important for
the radiologist to note the depth and length of
the involved segment, as these factors can allow
prediction of clinical significance (Fig 7).

Fistula.—Coronary arteriovenous fistulas
(CAVFs) are abnormalities of coronary arterial

termination. They are a rare anomaly, with an
estimated prevalence of 0.002% in the general
population, but comprise 48.7% of all congenital
coronary anomalies and are the most common
hemodynamically significant congenital coronary
lesion (60). Rarely, a fistula may be acquired, sec-
ondary to iatrogenic, traumatic, or disease-related
processes. However, these instances are more
commonly seen in the adult population.

Low-pressure structures are the most common
sites of drainage of CAVFs (61). CAVFs originate
from the RCA in approximately 50% of patients,
from the left coronary artery in approximately
42% of patients, and from both the RCA and left
coronary artery in 5% of patients. The most com-
mon drainage sites for a CAVF are the right ven-
tricle (41%), right atrium (26%), and pulmonary
artery (17%). Less common drainage sites include
the coronary sinus, left atrium, left ventricle, and
superior vena cava (62).

Drainage of a CAVF into a right-sided struc-
ture results in a left-to-right shunt, which oc-
curs in up to 90% of patients (63). Although the
majority of adult patients are asymptomatic and
may have fistulas that are incidentally detected, a
larger percentage of pediatric patients are symp-
tomatic (61). The age of the patient and severity
of clinical presentation of CAVFs vary depending
on the degree of coronary steal syndrome and
symptoms of ischemia. Presenting symptoms
range from a murmur or arrhythmia to symptoms
of congestive heart failure, stroke, or myocardial
ischemia or infarction (61).

Diagnosis of CAVF at imaging may be accom-
plished via conventional, CT, or MR angiography.
Echocardiography can be used to identify shunting
via a bubble study, in which agitated saline is in-
jected intravenously and in the presence of shunt-
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Figure 8. CAVF terminating in the right atrium in a 27-year-old woman. (a) Curved planar reformatted image from coronary
CT angiography demonstrates that the fistula arises as a branch from the proximal RCA. Calcifications (arrow) within the RCA
were presumed to be related to a high-flow high-pressure state secondary to the fistula. (b) Axial image from the same study

shows that multiple tortuous dilated vessels (arrows) are present.

ing will appear more rapidly in the left ventricle
than in patients without shunts. However, echocar-
diography is limited in its ability to define anatomy.
Cardiac MR angiography provides the potential

to assess blood flow volume, cardiac function, and
shunt fraction (64). However, it requires longer ex-
amination times and has poorer spatial resolution
than does CT angiography (63). Shorter examina-
tion time, noninvasiveness, and high temporal and
spatial resolution make CT angiography a good
alternative to coronary angiography (64). It can be
used to identify the origin and course of the fistula,
assess its complexity, and perform preoperative
planning. Three-dimensional CT reconstructions,
which allow easy visualization of the relationship of
the fistula to adjacent structures, often prove help-
ful in the preoperative assessment.

Abnormally draining coronary arteries often
appear enlarged and tortuous (Fig 8) (51). Arterial
phase contrast opacification in the receiving cham-
ber can allow confirmation of the fistula entry site.
Although coronary angiography can reliably enable
detection of the proximal portions of CAVFs, the
distal drainage site may not be well demonstrated,
owing to contrast material dilution when draining
into low-pressure structures (65). The relationship
of the fistula to adjacent anatomic structures is also
better defined at CT angiography.

It should be noted that coronary arteries that
terminate in the systemic circulation typically do
not result in this pattern, as there is usually no
pressure difference between the coronary artery
and the systemic artery in which it terminates.
These fistulas also tend to have a very small or
insignificant shunt fraction (51).

Duplication.—Coronary arterial duplication is
a rare anomaly that most commonly affects the

LAD (51). Typically a dual LAD consists of a
short LAD that ends proximally in the interven-
tricular groove and a long LAD that enters the
interventricular groove distally and follows the
expected course of the mid and distal LAD seg-
ments. The long LAD may originate as a proxi-
mal branch of the LAD or originate anoma-
lously, often as a branch from the RCA (2,66).
Duplicated coronary arteries are important to
recognize at imaging as they may present im-
plications for surgical planning. They can easily
be overlooked at surgery, which could result in
inadvertent transection or incomplete correction
of other congenital anomalies (Fig 9). Dupli-
cated coronary arteries are best identified at CT
angiography and may be missed at conventional
angiography because of failure to cannulate the
second LAD. Care should be taken by the radi-
ologist to follow the LAD along its entire course
to ensure that only a single one exists.

Postsurgical Conditions

Children may undergo coronary arterial surgery
for congenital cardiac abnormalities, including
anomalous coronary arterial origins and complex
congenital heart disease. Knowledge of the pa-
tient’s history and of common surgical techniques
is essential for interpretation of postoperative im-
ages. Patients with congenital heart disease often
undergo surgery that requires a coronary arte-
rial reimplantation procedure, which is typically
accomplished via a button transfer technique. In
this technique, a button of aortic tissue surround-
ing the coronary ostium is transferred to its new
location along with the coronary artery. Awareness
of this procedure is important to avoid confusion
with an anastomotic pseudoaneurysm (Fig 10c).
In addition, surgical intervention performed on
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Figure 9. Double-outlet right ventricle with dextro-malpositioned great vessels in a 7-year-old
girl after repair with an arterial switch procedure. (a, b) MIP curved planar reformatted images
from coronary CT angiography demonstrate findings of arterial switch with reimplantation of a
single coronary artery on the posterior sinus of the neoaorta. (a) The single coronary artery bifur-
cates into the right (white arrow) and left (black arrow) main coronary arteries. (b) A duplicated
second LAD (arrow) that was overlooked at the initial surgery and arises from the neo—pulmonary
artery is faintly opacified with arterial phase contrast agent, likely owing to a component of steal
phenomenon, which occurs due to preferential flow of blood into the lower-pressure pulmo-
nary arterial system, thus stealing flow from the myocardium. However, at surgery, a tight ste-
nosis was found at the orifice of this duplicated coronary artery, likely limiting the effects of steal.
(c) Axial image from the same study demonstrates multiple collateral vessels (x). (d, e) Findings
are redemonstrated on 3D reformatted images. The duplicated LAD (solid arrow) arising from
the neo—pulmonary artery is highlighted in yellow. The single main coronary artery (open ar-
row in d) arising from the neoaorta (x in e) after the switch procedure is also redemonstrated.

the heart in children may result in iatrogenic injury
to the coronary arteries. latrogenic coronary arte-
rial injury or transection should be suspected in
postoperative patients who present with symptoms
of cardiac ischemia (Fig 11).

Traumatic Conditions

Cardiac injury in children in the setting of
trauma is uncommon and typically occurs in
the setting of extensive multisystem trauma
(67). Reported rates of cardiac injury in blunt
trauma range from 4.6% to 7.7% (68,69).
Cardiac injury in penetrating trauma is exceed-
ingly rare. The most common traumatic cardiac
injury in children is cardiac contusion, typically
secondary to blunt cardiac injury. Although
traumatic cardiac injury, including contusion
and coronary arterial injury, may be clinically



RadioGraphics

RG ¢ Volume 37 Number 6

C.

Saling etal 1675

Figure 10. Postoperative imaging appearances in three patients with a history of coronary ar-
terial reimplantation. (a) A 22-year-old man with a history of dextro-transposition of the great
vessels (D-TGA) after a coronary arterial switch procedure. Coronal oblique MIP image from
coronary CT angiography demonstrates mild broadening (arrow) of the origin of the RCA at
the level of reimplantation secondary to the button reimplantation technique. (b) A 17-year-
old male adolescent with a history of D-TGA after an arterial switch procedure. MIP image from
coronary CT angiography demonstrates reimplantation of both coronary arteries onto a single
cusp. Note the retroaortic circumflex artery (arrow) arising from the RCA. (c) A 21-year-old
man with a history of Loeys-Dietz syndrome after aortic root and valve replacements with but-
ton reimplantation of the coronary arteries. Oblique MIP image from coronary CT angiography
demonstrates apparent aneurysmal dilatation of the button of aortic tissue at the level of the
anastomosis, which can be a normal postoperative appearance.

silent, electrocardiographic (ECG) abnormali-
ties, cardiac enzyme elevation, or wall motion
abnormalities at ECG may indicate the pres-
ence of coronary arterial injury in children with
trauma (68,70-72).

Coronary arterial dissection in the setting of
blunt trauma has been described in both adult
and pediatric patients, with four case reports
since 1998 of coronary arterial dissection in
children (73). Some 76% of traumatic dissections
involve the LAD (72). Imaging features of trau-
matic coronary arterial dissection are similar to
those of dissection in other arteries, with luminal
irregularity and narrowing of the involved artery.
The small size of the coronary arteries can make
visualization of these findings difficult at MR or
CT angiography (Fig 12). More often, the injury
results in coronary arterial occlusion and myocar-
dial ischemia, which lead to wall motion abnor-
malities or valvular regurgitation. These findings
are often the initial clue to the diagnosis (70-72).

CAVF, laceration, or pseudoaneurysm are
more commonly features of penetrating trauma,
although they can also be seen in the setting
of blunt trauma (74,75). Posttraumatic fistulas
most commonly arise from the LAD and termi-
nate in low-pressure chambers such as the atria
(69,74). Penetrating coronary arterial injury
may also result in hemopericardium, tampon-
ade, and rapid clinical decompensation (69).
Traumatic fistula can be confirmed at Dop-
pler echocardiography or angiography, which
demonstrates a direct connection between the
coronary artery and the involved cardiac cham-
ber. Traumatic CAVF has an excellent prognosis
after prompt repair, which can be accomplished
surgically or percutaneously (75).

Conclusion
Pediatric coronary arteries may be affected by
immune system-mediated disease, congenital
abnormalities, trauma, or surgery. Immune
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a. b c.

Figure 11. latrogenic injury in a 7-year-old boy with tetralogy of Fallot who demonstrated cardiogenic shock with mitral regurgita-
tion at presentation. The patient had undergone open surgical pulmonary valve replacement approximately 2 months previously. The
surgery was complicated by cardiac arrest at termination of the procedure, secondary to transection of a single congenitally anomalous
coronary artery. (a) Axial balanced steady-state free precession image at the level of the main pulmonary artery shows susceptibility
artifact (arrow) secondary to changes of pulmonary valve replacement, with dilatation (x) of the main pulmonary artery. (b) Four-
chamber delayed postcontrast image shows diffuse subendocardial delayed contrast enhancement (arrows) of the anterolateral wall,
inferoseptal wall, and apex, with marked apical thinning (). (c) Two-chamber short-axis delayed postcontrast image redemonstrates
diffuse subendocardial delayed contrast enhancement (arrows), including delayed enhancement (x) of the left ventricular papillary
muscles, with relative sparing of the inferior wall, consistent with myocardial infarction following iatrogenic transection.

a. C.

Figure 12. Traumatic cardiac injury in a 14-year-old boy. Blunt
trauma to the chest from another player’s knee while playing bas-
ketball resulted in ventricular arrhythmia and pulselessness, with an
elevated troponin level of greater than 62 ng/mL. (a) Non-electro-
cardiographically-gated chest CT image shows possible narrowing
(arrow) of the left main coronary artery and proximal LAD. (b) Axial
CT image at the level of the heart shows pulmonary edema.
(c) Conventional angiogram shows mural irregularity and narrow-
ing of the left main coronary artery extending into the LAD (arrow),
consistent with dissection. (d) Image after angioplasty and stent
placement shows a widely patent left main coronary artery and
LAD.

system—mediated diseases may share similar
imaging findings; correlation with the clinical
presentation and laboratory data is essential.
Patient presentation and imaging findings may
vary depending on the degree of hemodynamic
significance of the lesion, particularly in congen-
ital conditions. Surgical procedures can result

quences. An understanding of these entities and
their characteristic imaging findings allows for
accurate diagnosis and effective treatment.

in iatrogenic injury with resultant ischemia. References

Surgery in the settmg Of (_:Onge'nltal heart disease 1. Alexander RW, Griffith GC. Anomalies of the coronary arteries
can have a characteristic imaging appearance and their clinical significance. Circulation 1956;14(5):800-805.
and must be distinguished from abnormality. 2. Kim 8Y, Seo JB, Do KH, et al. Coronary artery anoma-

C ial in in th . £ lies: classification and ECG-gated multi-detector row CT
oronary arterial injury in the setting ot trauma, findings with angiographic correlation. RadioGraphics

although uncommon, can have serious conse- 2006;26(2):317-333; discussion 333-334.



RadioGraphics

RG ¢ Volume 37 Number 6

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Nieman K, Cademartiri F, Lemos PA, Raaijmakers R, Pat-
tynama PM, de Feyter PJ. Reliable noninvasive coronary
angiography with fast submillimeter multislice spiral com-
puted tomography. Circulation 2002;106(16):2051-2054.

. Jamieson N, Singh-Grewal D. Kawasaki disease: a clini-

cian’s update. Int J Pediatr 2013;2013:645391.

. Nakamura Y, Yanagawa H, Harada K, Kato H, Kawasaki

T. Mortality among persons with a history of Kawasaki
disease in Japan: the fifth look. Arch Pediatr Adolesc Med
2002;156(2):162-165.

. Bayers S, Shulman ST, Paller AS. Kawasaki disease.

II. Complications and treatment. ] Am Acad Dermatol
2013;69(4):513.e1-513.e8; quiz 521-522.

. Newburger JW, Takahashi M, Gerber MA, et al. Diagnosis,

treatment, and long-term management of Kawasaki disease:
a statement for health professionals from the Committee
on Rheumatic Fever, Endocarditis and Kawasaki Disease,
Council on Cardiovascular Disease in the Young, American
Heart Association. Circulation 2004;110(17):2747-2771.

. Sato Y, Kato M, Inoue F, et al. Detection of coronary

artery aneurysms, stenoses and occlusions by multislice
spiral computed tomography in adolescents with Kawasaki
disease. Circ J 2003;67(5):427-430.

. Greil GF, Stuber M, Botnar RM, et al. Coronary magnetic

resonance angiography in adolescents and young adults
with Kawasaki disease. Circulation 2002;105(8):908-911.
Goo HW, Park IS, Ko JK, Kim YH. Coronary CT angiog-
raphy and MR angiography of Kawasaki disease. Pediatr
Radiol 2006;36(7):697-705.

Carbone I, Cannata D, Algeri E, et al. Adolescent Kawa-
saki disease: usefulness of 64-slice CT coronary angiog-
raphy for follow-up investigation. Pediatr Radiol 2011;41
(9):1165-1173.

Kim JW, Goo HW. Coronary artery abnormalities in Ka-
wasaki disease: comparison between CT and MR coronary
angiography. Acta Radiol 2013;54(2):156-163.

Khanna G, Sargar K, Baszis KW. Pediatric vasculitis:
recognizing multisystemic manifestations at body imaging.
RadioGraphics 2015;35(3):849-865.

Kato H, Sugimura T, Akagi T, et al. Long-term conse-
quences of Kawasaki disease: a 10- to 21-year follow-up
study of 594 patients. Circulation 1996;94(6):1379-1385.
Akagi T, Rose V, Benson LN, Newman A, Freedom RM.
Outcome of coronary artery aneurysms after Kawasaki
disease. J Pediatr 1992;121(5 pt 1):689—694.

Ravekes W], Colan SD, Gauvreau K, et al. Aortic root
dilation in Kawasaki disease. Am ] Cardiol 2001;87(7):
919-922.

Zulian F, Falcini F, Zancan L, et al. Acute surgical abdo-
men as presenting manifestation of Kawasaki disease. ]
Pediatr 2003;142(6):731-735.

Eleftheriou D, Dillon MJ, Tullus K, et al. Systemic polyar-
teritis nodosa in the young: a single-center experience over
thirty-two years. Arthritis Rheum 2013;65(9):2476-2485.
Ozen S, Anton ], Arisoy N, et al. Juvenile polyarteritis:
results of a multicenter survey of 110 children. J Pediatr
2004;145(4):517-522.

Brogan PA, Davies R, Gordon I, Dillon M]J. Renal an-
giography in children with polyarteritis nodosa. Pediatr
Nephrol 2002;17(4):277-283.

Miloslavsky E, Unizony S. The heart in vasculitis. Rheum
Dis Clin North Am 2014;40(1):11-26.

Schrader ML, Hochman JS, Bulkley BH. The heart in
polyarteritis nodosa: a clinicopathologic study. Am Heart
J 1985;109(6):1353-1359.

Rajani RM, Dalvi BV, D’Silva SA, Lokhandwala YY, Kale
PA. Acute myocardial infarction with normal coronary arter-
ies in a case of polyarteritis nodosa: possible role of coronary
artery spasm. Postgrad Med J 1991;67(783):78-80.
Brunner J, Feldman BM, Tyrrell PN, et al. Takayasu arte-
ritis in children and adolescents. Rheumatology (Oxford)
2010;49(10):1806-1814.

Tann OR, Tulloh RM, Hamilton MC. Takayasu’s disease:
a review. Cardiol Young 2008;18(3):250-259.

Mohan S, Poff S, Torok KS. Coronary artery involvement
in pediatric Takayasu’s arteritis: case report and literature
review. Pediatr Rheumatol Online J 2013;11(1):4.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Saling etal 1677

Reddy SM, Reddy SP. Stenosis of the main stem of the
left coronary artery in a teenager with Takayasu’s arteritis.
Cardiol Young 2009;19(6):638—-640.

Berman DP, Lewis AB, Kung GC. Case report ofa 2-year-old
boy with Takayasu’s arteritis: an atypical, severe presentation
of a rare disease. Pediatr Cardiol 2010;31(7):1089-1092.
Matsubara O, Kuwata T, Nemoto T, Kasuga T, Numano
F. Coronary artery lesions in Takayasu arteritis: pathological
considerations. Heart Vessels Suppl 1992;7:26-31.
Malattia C, Martini A. Paediatric-onset systemic lupus
erythematosus. Best Pract Res Clin Rheumatol 2013;
27(3):351-362.

Tucker LB, Uribe AG, Fernandez M, et al. Adolescent
onset of lupus results in more aggressive disease and worse
outcomes: results of a nested matched case-control study
within LUMINA, a multiethnic US cohort (LUMINALVII).
Lupus 2008;17(4):314-322.

Doria A, Iaccarino L, Sarzi-Puttini P, Atzeni F, Turriel M,
Petri M. Cardiac involvement in systemic lupus erythema-
tosus. Lupus 2005;14(9):683—686.

YehTT,Yang YH, Lin YT, Lu CS, Chiang BL. Cardiopulmo-
nary involvement in pediatric systemic lupus erythematosus:
a twenty-year retrospective analysis. ] Microbiol Immunol
Infect 2007;40(6):525-531.

Agarwal A, Medical Student SB [Biglarian S], Lim-Stavros
S, Votava-Smith JK, Ramanathan A. Pediatric systemic lu-
pus erythematosus presenting with coronary arteritis: a case
series and review of the literature. Semin Arthritis Rheum
2015;45(1):42-47.

Bonfiglio TA, Botti RE, Hagstrom JW. Coronary arteritis,
occlusion, and myocardial infarction due to lupus erythema-
tosus. Am Heart J 1972;83(2):153-158.

Shriki], ShinbaneJS, AzadiN, etal. Systemic lupus erythema-
tosus coronary vasculitis demonstrated on cardiac computed
tomography. Curr Probl Diagn Radiol 2014;43(5):294-297.
Korkmaz C, Cansu DU, Kasifoglu T. Myocardial infarc-
tion in young patients (< or =35 years of age) with systemic
lupus erythematosus: a case report and clinical analysis of
the literature. Lupus 2007;16(4):289-297.

LuWH, Palatnik K, Fishbein GA, et al. Diverse morphologic
manifestations of cardiac allograft vasculopathy: a patho-
logic study of 64 allograft hearts. ] Heart Lung Transplant
2011;30(9):1044-1050.

Jeewa A, Dreyer WJ, Kearney DL, Denfield SW. The pre-
sentation and diagnosis of coronary allograft vasculopathy
in pediatric heart transplant recipients. Congenit Heart Dis
201257(4):302-311.

Chantranuwat C, Blakey JD, Kobashigawa JA, et al. Sudden,
unexpected death in cardiac transplant recipients: an autopsy
study. ] Heart Lung Transplant 2004;23(6):683—689.
Sharples LD, Jackson CH, Parameshwar]J, Wallwork], Large
SR. Diagnostic accuracy of coronary angiography and risk fac-
tors for post-heart-transplant cardiac allograft vasculopathy.
Transplantation 2003;76(4):679—682.

Bae KT, Hong C, Takahashi N, et al. Multi-detector row
computed tomographic angiography in pediatric heart
transplant recipients: initial observations. Transplantation
2004;77(4):599-602.

Valantine HA, Hunt SA, Gibbons R, Billingham ME, Stin-
son EB, Popp RL. Increasing pericardial effusion in cardiac
transplant recipients. Circulation 1989;79(3):603-609.
Lobach NE, Pollock-Barziv SM, West 1], Dipchand Al
Sirolimus immunosuppression in pediatric heart transplant
recipients: asingle-center experience. ] Heart Lung Transplant
2005;24(2):184-189.

Miller CA, Chowdhary S, Ray SG, et al. Role of noninvasive
imaging in the diagnosis of cardiac allograft vasculopathy.
Circ Cardiovasc Imaging 2011;4(5):583-593.

Fyfe DA, Ketchum D, Lewis R, et al. Tissue Doppler imaging
detects severely abnormal myocardial velocities that identify
children with pre-terminal cardiac graft failure after heart
transplantation. JHeart Lung Transplant 2006;25(5):510-517.
Dipchand A, Bharat W, Manlhiot C, Safi M, Lobach NE,
McCrindle BW. A prospective study of dobutamine stress
echocardiography for the assessment of cardiac allograft
vasculopathy in pediatric heart transplant recipients. Pediatr
Transplant 2008;12(5):570-576.



RadioGraphics

1678 October Special Issue 2017

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Larsen RL, Applegate PM, Dyar DA, et al. Dobutamine
stress echocardiography for assessing coronary artery dis-
ease after transplantation in children. ] Am Coll Cardiol
1998;32(2):515-520.

Dandel M, Hummel M, Miiller ], et al. Reliability of tissue
Doppler wall motion monitoring after heart transplantation
for replacement of invasive routine screenings by optimally
timed cardiac biopsies and catheterizations. Circulation
2001;104(12 suppl 1):1184-1191.

Dodge-Khatami A, Mavroudis C, Backer CL. Congenital
Heart Surgery Nomenclature and Database Project: anoma-
lies of the coronary arteries. Ann Thorac Surg 2000;69(4
suppl):S270-S297.

Shriki JE, Shinbane JS, Rashid MA, et al. Identifying, charac-
terizing, and classifying congenital anomalies of the coronary
arteries. RadioGraphics 2012;32(2):453-468.

Nakanishi R, Rajani R, Ishikawa Y, Ishii T, Berman DS.
Myocardial bridging on coronary CTA: aninnocent bystander
or a culprit in myocardial infarction? J Cardiovasc Comput
Tomogr 2012;6(1):3-13.

Konen E, Goitein O, Di Segni E. Myocardial bridging, a
common anatomical variant rather than a congenital anomaly.
Semin Ultrasound CT MR 2008;29(3):195-203.

Zeina AR, Shefer A, Sharif D, Rosenschein U, Barmeir E.
Acute myocardial infarction in a young woman with normal
coronary arteries and myocardial bridging. Br J Radiol
2008;81(965):e141-e144.

Sorajja P, Ommen SR, Nishimura RA, Gersh BJ, Tajik
AJ, Holmes DR. Myocardial bridging in adult patients
with hypertrophic cardiomyopathy. J] Am Coll Cardiol
2003;42(5):889-894.

Yetman AT, McCrindle BW, MacDonald C, Freedom RM,
Gow R. Myocardial bridging in children with hypertrophic
cardiomyopathy: a risk factor for sudden death. N Engl J
Med 1998;339(17):1201-1209.

Mohlenkamp S, Hort W, GeJ, Erbel R. Update on myocardial
bridging. Circulation 2002;106(20):2616-2622.

Alegria JR, Herrmann J, Holmes DR Jr, Lerman A, Rihal CS.
Myocardial bridging. Eur Heart J 2005;26(12):1159-1168.
Ishikawa Y, Akasaka Y, Ito K, etal. Significance of anatomical
properties of myocardial bridge on atherosclerosis evolutionin
the left anterior descending coronary artery. Atherosclerosis
2006;186(2):380-389.

Challoumas D, Pericleous A, Dimitrakaki IA, Danelatos C,
Dimitrakakis G. Coronary arteriovenous fistulae: a review.
Int J Angiol 2014;23(1):1-10.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

radiographics.rsna.org

Zenooz NA, Habibi R, Mammen L, Finn JP, Gilkeson
RC. Coronary artery fistulas: CT findings. RadioGraphics
2009;29(3):781-789.

Lin FC, Chang H]J, Chern MS, Wen MS, Yeh SJ, Wu
D. Multiplane transesophageal echocardiography in the
diagnosis of congenital coronary artery fistula. Am Heart J
1995;130(6):1236-1244.

Gowda RM, Vasavada BC, Khan IA. Coronary artery fis-
tulas: clinical and therapeutic considerations. Int J Cardiol
2006;107(1):7-10.

Detorakis EE, Foukarakis E, Karavolias G, Dermitzakis A.
Cardiovascular magnetic resonance and computed tomogra-
phy in the evaluation of aneurysmal coronary-cameral fistula.
J Radiol Case Rep 2015;9(7):10-21.

Schmitt R, Froehner S, Brunn J, et al. Congenital anoma-
lies of the coronary arteries: imaging with contrast-en-
hanced, multidetector computed tomography. Eur Radiol
2005;15(6):1110-1121.

Agarwal PP, Kazerooni EA. Dual left anterior descend-
ing coronary artery: CT findings. AJR Am ] Roentgenol
2008;191(6):1698-1701.

Dowd MD, Krug S. Pediatric blunt cardiac injury: epidemi-
ology, clinical features, and diagnosis. Pediatric Emergency
Medicine Collaborative Research Committee: Working
Group on Blunt CardiacInjury. ] Trauma 1996;40(1):61-67.
Langer JC, Winthrop AL, Wesson DE, et al. Diagnosis and
incidence of cardiac injury in children with blunt thoracic
trauma. J Pediatr Surg 1989;24(10):1091-1094.

Roddy MG, Lange PA, Klein BL. Cardiac trauma in children.
Clin Pediatr Emerg Med 2005;6(4):234-243.

Harada H, Honma Y, Hachiro Y, Mawatari T, Abe T.
Traumatic coronary artery dissection. Ann Thorac Surg
2002;74(1):236-237.

Vasudevan AR, Kabinoff GS, Keltz TN, Gitler B. Blunt
chest trauma producing acute myocardial infarction in a
rugby player. Lancet 2003;362(9381):370.

Ginzburg E, Dygert J, Parra-Davila E, Lynn M, Almeida ],
Mayor M. Coronary artery stenting for occlusive dissection
after blunt chest trauma. J Trauma 1998;45(1):157-161.
Lobay KW, MacGougan CK. Traumatic coronary artery
dissection: a case report and literature review. ] Emerg Med
2012;43(4):€239-e243.

Baum VC. Cardiac trauma in children. Paediatr Anaesth
2002;12(2):110-117.

Cazavet A, Ali HO, Leobon B. Cardiac traumatic lesions in
children. In: Da Cruz EM, Ivy D, Jaggers J, eds. Pediatric
and congenital cardiology, cardiac surgery and intensive care.
London: Springer, 2014; 2395-2406.

This journal-based SA-CME activity has been approved for AMA PRA Category 1 Credit™. See www.rsna.orgleducation/search/RG.



