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Abstract

Coronary artery aneurysm (CAA) is characterized by focal coronary dilation exceeding
1.5 times the normal adjacent vessel diameter. Predominantly caused by atherosclerosis in
adults and Kawasaki disease in children, CAAs are often asymptomatic but may present with
thrombosis, embolization, myocardial ischemia, mass compression or rupture. Diagnostic
assessment with coronary angiography is the gold standard, but consensus on standardized
management strategies is lacking due to limited randomized trials. Medical therapies target
cardiovascular risk reduction and aneurysm progression, and recent studies and case
series have demonstrated the efficacy of oral anticoagulants with warfarin or novel oral
anticoagulants. Percutaneous interventions, such as covered stents, coil embolization,
and mechanical thrombectomy, have been utilized for symptomatic cases. However, these
approaches carry risks, including re-stenosis, stent thrombosis, and procedural complications.
Surgical options remain reserved for selected cases. Individualized treatment and further
research are essential for achieving better outcomes in CAA patients.
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Introduction

Coronary artery aneurysm (CAA) is a
challenging clinical manifestation of coronary
artery disease with the reported prevalence ranging
from 0.3% to 5.3% in different case series and
registries.”” The definition of CAA is a focal (less
than 50% of vessel length) dilation with diameter
exceeding 1.5 times that of the surrounding
normal artery. If the dilation involves more than
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50% of the vessel length, it is called coronary
artery ectasia (CAE).* Patients with CAE or CAA
are thought to be at higher risk of future major
adverse cardiac events (MACE). Hence, devising
an optimal treatment for these patients frequently
presents a clinical dilemma for physicians,
despite there being several approaches available,
including medical management, percutaneous
coronary intervention (PCI), coronary artery
bypass graft (CABG) or surgical incision. The
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aim of this article is to provide a brief review of
etiology, pathogenesis, classification, clinical
presentations and treatment of CAA.

Etiology and pathogenesis

CAA and CAE are more predominant in men
and usually found more proximal than distal in the
coronary bed. The right coronary artery is the most
commonly affected vessel, accounting for 40-61%
of cases, followed by the left anterior descending
(LAD) artery at 15-32% and the left circumflex
coronary artery at 15-23%. Involvement of the
left main coronary artery is rare, occurring in only
0.1-3.5% of cases, and is typically associated
with extensive two- or three-vessel coronary
artery disease.’ Although the pathophysiological
mechanism is not well understood, the most
common etiology is atherosclerosis in adults and
Kawasaki disease in children and adolescents.’

Several risk factors have been identified in
association with the development of CAA and
CAE, including atherosclerosis, connective tissue
disease, inflammatory disorder or vasculitis.
Atherosclerosis, the most common and strongly
associated factor, plays a significant role in CAA
formation. Genetic predisposition has also been
implicated, suggesting heritable susceptibility
to aneurysm development. Kawasaki disease is
the most common cause of CAAs in childhood,
particularly in Japan, with spontaneous resolution
occurring in approximately 50% of cases.
Connective tissue disorders, such as Ehlers-
Danlos syndrome and Marfan syndrome, are also
associated with CAA formation. Additionally,
various types of vasculitis linked to inflammatory
disorders, including systemic lupus erythematosus,
Takayasu arteritis, rheumatoid arthritis, Wegener
granulomatosis, giant cell arteritis, Churg-Strauss
syndrome, and microscopic polyangiitis, have
been identified as contributing factors.*

Histopathological analysis reveals extensive
coronary artery wall destruction accompanied
by diffuse vasculitis, indicating a potential
role of matrix metalloproteinases (MMPs) in
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CAA formation. MMPs are enzymes capable of
degrading connective tissue proteins, resulting in
the weakening of the vascular wall.” Iatrogenic
factors, such as intracoronary interventions
(e.g., angioplasty or stenting), can cause local
arterial wall injury, leading to CAA formation.
Furthermore, infectious etiologies, including
mycotic CAAs and post-infection complications,
have been linked to direct wall invasion or
immune complex deposition. Atherosclerotic
and vasculitis-related CAAs tend to involve
multiple coronary arteries, whereas congenital and
iatrogenic CAAs are typically confined to a single
artery. These distinctions emphasize the diverse
etiology and clinical presentation of CAAs,
necessitating tailored diagnostic and therapeutic
approaches.

Clinical manifestations

Most patients with CAAs are asymptomatic
and detected incidentally during computed
tomography, coronary imaging or autopsy.® The
stagnation of blood flow in CAAs promotes the
formation of thrombi. The complications of CAA
include local thrombosis, distal embolization and
coronary spasm leading to clinical presentations
of angina, dyspnea, myocardial ischemia or
even sudden cardiac death. Aneurysm rupture
with subsequent hemopericardium and cardiac
tamponade has been reported.”'* Compression
by giant CAAs of adjacent structures such as the
right atrium, right ventricle and tricuspid valve
have also been observed.'”'> CAAs have been
reported to be associated with abdominal aortic
aneurysm or hypertension. Given the variety of
clinical presentations, utilizing different diagnostic
approaches is important.

Classification

Aneurysmal coronary artery dilation can
be either focal or diffuse, depending on whether
it affects more or less than 50% of the vessel.
Focal dilation, or aneurysm, can be classified
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based on wall composition. A true aneurysm
has a wall composed of all three vascular layers,
whereas a pseudoaneurysm consists of only the
adventitia (Figure 1).° Pseudoaneurysms are most
often found in patients with previous coronary
intervention, with a reported incidence of 0.3-
6.0%." CAAs are further classified as fusiform
(transverse dimension < longitudinal dimension)
or saccular (transverse dimension > longitudinal
dimension) (Figures 2 and 3). Saccular aneurysms
are more common in the LAD.>" If the diameter
of the aneurysmal artery is more than 8 mm
or 4 times larger than the reference vessel it is
characterized as a giant CAA.6 Diffuse dilation
exceeding 50% of the vessel length is defined
as coronary artery ectasia (CAE) (Figure 4). It
can be categorized into four types based on its
distribution. Type I involves diffuse ectasia in two
or three vessels, while Type II presents as diffuse
ectasia in one vessel accompanied by an aneurysm
in another. Type III is characterized by diffuse
ectasia in a single vessel, and Type IV refers to
localized and segmental ectasia.

Diagnosis

Non-invasive methods for diagnosing
CAA include transthoracic and transesophageal
echocardiography, computed tomography (CT),
and magnetic resonance angiography. Radiation-
free tools are recommended for follow-up in
children with Kawasaki disease. Effective

Pseudoaneurysm

Figure 1. Pseudoaneurysm is characterized by
loss of vessel wall integrity and is only contained
by adventitia.
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Figure 2. (A) In a fusiform coronary aneurysm the transverse dimension is less than the longitudinal
dimension. (B) In a saccular coronary aneurysm the transverse dimension is greater than the longitudinal

dimension.
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Figure 3. A male patient presenting with inferior
STEMI was found to have coronary aneurysm
and ectasia at the left coronary artery. Fusiform
aneurysm was noted at the proximal left anterior
descending artery.

evaluation of CAAs requires imaging to determine
their distribution, size, thrombus presence, and
associated complications, such as myocardial
infarction (MI).

As most patients are asymptomatic, CAAs
are often incidentally detected during coronary
angiography. Coronary angiography is the gold
standard for invasive evaluation of the anatomic
characteristics of CAA, while coronary CT
angiography serves as a non-invasive alternative
for follow-up assessments.6 Coronary angiography
can reveal turbulent flow in aneurysmal coronary
arteries, indicated by delayed dye filling,
segmental backflow, and local dye stagnation.’

Intravascular ultrasound (IVUS) can
provide anatomical information on the arterial
wall structure and luminal composition, which
is crucial for distinguishing different types of
aneurysms. Pseudoaneurysms lack integrity,
leading to a rupture-prone adventitia. IVUS
can accurately measure the lumen diameter
and identify any surrounding stenotic segment,
allowing proper stent sizing. IVUS is invaluable
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Figure 4. AThe coronary angiography in the
patient showed ectasia of the left circumflex artery.

during CAA treatment, providing essential
guidance for adequate aneurysm coverage.”

Treatment

Standard management of CAA remains
controversial due to the lack of randomized
trials. The treatment for CAA is basically
tailored individually, depending on the clinical
presentations (ranging from asymptomatic through
effort angina to acute coronary syndrome),
patient characteristics (age, comorbidities) and
physician experience. The approaches include
medical treatment, PCI and surgery. The optimal
therapeutic strategy for achieving the best
outcomes remains undecided, as no comparative
studies have been conducted.

Medical therapy

The management of cardiovascular (CV) risk
factors in patients with CAA, irrespective of the
presence of concurrent coronary artery disease,
is advocated.” Previous studies have suggested
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a correlation between the activity of angiotensin-
converting enzyme (ACE) and aneurysm
formation. It has been hypothesized that the use
of ACE inhibitors or angiotensin II receptor
antagonists may slow down the progression of
CAA." Statins have also been found to inhibit
the expression of matrix metalloproteinases,
enzymes that play a role in the formation of
aneurysms, which may help reduce the risk of
CAA progression."

The choice of antithrombotic therapy in
CAA also remains controversial due to the lack
of randomized controlled trials, but there are
some promising observational studies showing
benefits from oral anticoagulant therapy in
treating patients with CAA/CAE. A study
of 1,698 patients with acute MI suggested a
potential benefit of anticoagulation therapy in
patients with CAE and acute coronary syndrome
(ACS). Among CAE patients treated with oral
anticoagulation who maintained a time-in-
therapeutic range (TTR) > 60%, the incidence of
MACE was 0%, compared to 33% in those not
receiving therapeutic anticoagulation (p = 0.03)
after 49 months of follow-up."® A propensity-
matched study including 1331 patients recorded in
the Coronary Artery Aneurysm Registry (CAAR)
demonstrated that oral anticoagulation therapy
with warfarin significantly reduces the composite
endpoint of unstable angina, myocardial infarction,
and aneurysm thrombosis in patients with CAA
(8.7 vs. 17.2%, respectively; p = .01), with a
notable reduction in unstable angina (4.6% vs.
10%, p < .01) and aneurysm thrombosis (0% vs.
3.1%,p = .03).19 Some case reports have described
the use of oral anticoagulants (OACSs) in patients
with ACS and CAA. These include combinations
such as dual antiplatelet therapy (DAPT) with
non-vitamin K antagonist oral anticoagulants
(NOACs),” single antiplatelet therapy (SAPT)
with NOACs,*"* and SAPT or DAPT with
warfarin, later switching to NOACs.”*
cases, NOACs alone have been used to treat
thrombus associated with CAA.* These findings
emphasize the need for personalized treatment

In some
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plans and further research to determine the best
antithrombotic strategies for treating CAA. Figure
5 shows a case with coronary ectasia complicated
by inferior ST-elevation myocardial infarction
(STEMI), who was treated by PCI followed by
anticoagulation and antiplatelets.

Percutaneous coronary intervention

Data on asymptomatic patients with CAAs
remain limited, with most available studies
focusing on PCI outcomes in the context of
acute MIL.* In this setting, PCI in aneurysmal
culprit vessels is associated with lower success
rates and increased risks of no-reflow and distal
embolization.”” Furthermore, patients who survive
STEMI after undergoing PCI for CAAs face
higher medium-term mortality rates, as well as
elevated risks of definite stent thrombosis, target

. . 28
vessel revascularization, and non-fatal MI.

Covered stents for CAAs

Covered stents are primarily used for treating
saccular CAAs not involving side branches.
Currently, no covered stents are specifically
designed for CAAs. The GRAFTMASTER
coronary stent graft (Abbott Vascular, Santa Clara,
California) is the most commonly used, with sizes
ranging from 2.75-5 mm. Its structure incorporates
a sandwich technique, placing an ultra-thin layer
of expandable polytetrafluoroethylene between
two GRAFTMASTER stents, pre-mounted on a
balloon catheter delivery system. However, this
stent has a larger profile, requiring a 6-7 French
guide catheter, and poor deliverability, especially
in tortuous vessels. The PK Papyrus covered stent
(Biotronik, Berlin, Germany) offers better bending
flexibility and a smaller crossing profile due to
its advanced single-stent design. It comes in sizes
ranging from 2.5-5.0 mm and is deliverable with
a 5-6 French guide catheter.” Challenges in using
covered stents include poor deliverability, the
need for large sheaths, increased vascular and
procedural complications, difficulties in tortuous
or calcified vessels, and potential side branch loss.
It is recommended not to use covered stents for
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Figure 5A. A 56-year-old male smoker with type 2 Figure 5B. TIMI 2-3 flow with large thrombus
diabetes mellitus, hypertension and dyslipidemia burden was noted after balloon angioplasty and
presented with inferior STEMI. The angiography thrombus aspiration.

revealed large thrombus burden causing occlusion
of the proximal right coronary artery. The vessel
was abnormally dilated with the presentation of
ectasia.

T

Figure 5C. Two days after dual antiplatelets, Figure 5D. Two months later with dual anti-
heparin and the support of intra-aortic balloon thrombotic therapy (Clopidogrel plus NOAC), the
pump, the flow became TIMI 3 with residual thrombus burden decreased substantially.
thrombi.
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CAAs with major side branches connecting to the
aneurysm. In the event of major side branch loss
after deployment of covered stents for aneurysm,
techniques such as the use of a stiff wire under the
support of a microcatheter (MC) to puncture the
side branch orifice may be employed as a bailout
strategy. The potential drawbacks of covered
stents include a higher mid-term or long-term risk

. . . 2,29,
of in-stent restenosis and stent thrombosis.**

Mechanical thrombectomy

In CAA patients presenting with acute MI,
PCI for the culprit artery is related to higher
failure rate due to high thrombus burden.”® The
AngioJet device (Boston Scientific, Marlborough,
Massachusetts) has shown efficacy in patients
undergoing PCI for venous grafts® and native
coronary vessel’> with massive thrombus,
in randomized trials. There are case reports
demonstrating its effectiveness in treating
CAA.33’34

Coil embolization for CAAs

Coil embolization can be considered when
covered stent placement is not feasible, such as
in tortuous or calcified vessels or when there is a
high risk of major side branch loss. The procedure
involves first advancing a MC and a workhorse
wire into the large aneurysm. A stent is deployed
to cover the aneurysm neck, jailing the MC in
place. Coils are then passed via the MC to wrap
around the stent, followed by in-stent post-dilation
after the MC is removed. Caution is needed to
avoid complications such as vascular rupture
during coil embolization or coil herniation into the
stent strut, which can lead to stent thrombosis.>*>=

Surgery

The optimal surgical approach for CAAs
remains uncertain due to the limited number
of studies and a lack of robust outcome data.
Common surgical techniques include aneurysm
ligation, resection, marsupialization with
interposition grafts, or opening the aneurysm,
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suturing its afferent and efferent vessels, and
performing bypass grafting when necessary.”’
While success rates are not well-documented due
to the rarity of these procedures and potential
reporting bias, surgical intervention is often
preferred for specific cases. Surgical intervention,
such as CABG, is the preferred approach for large
CAAs located near bifurcations. Additionally,
surgical resection is considered the first-line
treatment for CAAs involving the left main
coronary artery, multiple or giant aneurysms, and
saphenous vein graft aneurysms.”

Conclusion

Coronary artery aneurysm and coronary
artery ectasia are challenging manifestations
with diverse etiologies, including atherosclerosis,
Kawasaki disease, connective tissue disorders,
and iatrogenic factors. Patients are often
asymptomatic and incidentally diagnosed. There
is growing evidence showing these patients
have higher incidence of MACE that can lead
to severe complications such as thrombosis,
embolization, myocardial infarction, and sudden
cardiac death. Diagnosis relies on imaging
modalities like coronary angiography, IVUS
and CT, which are essential for assessing CAA/
CAE characteristics and complications. There
are currently no guidelines for recommendation
and an individualized approach is critical, based
on patients’ clinical risk factors, presentation and
coronary anatomy. Treatment options include
medical management, percutaneous interventions,
and surgical options. Further large multicenter
studies are warranted to understand the etiology
and optimal medical or interventional treatment
for coronary artery aneurism disease.
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