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Introduction

Editor’s Note

John A. Elefteriades, MD

When this dramatic case (=Video 1, =Fig. 1) was brought to
our attention by Dr. Arvind Agarawal, I was not certain what
therapy to recommend. Medical therapy? What could that be?
Surgical treatment? What could that be? CABG, CABG with
ligation? Should transplantation be offered? Is anticoagula-
tion necessary or appropriate? What agent? As few surgeons
have large experience with coronary aneurysms (especially so
dramatic and widespread as in this case), I asked Dr. Davide
Carino to review the data for us this report follows.

Video 1

Coronary angiography followed by computed
tomography angiography. Online content including
video sequences viewable at: https://www.thieme-
connect.com/products/ejournals/html/10.1055/
s-0039-1688467.
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Coronary aneurysms are defined as localized dilatations of the coronary arteries. In this
review, we will analyze the most important aspects of this rare condition while trying to
provide answers to the following questions: What is a coronary aneurysm? What causes
coronary aneurysm? Do coronary aneurysms cause symptoms? Can coronary aneur-
ysms rupture? How do we treat coronary aneurysms?

What Is a Coronary Aneurysm?

Coronary aneurysms are localized dilatations of the coronary
arteries, with a diameter 50% greater than the adjacent normal
vessel. Generalized dilatation, involving greater than half of the
vessel length, is termed coronary ectasia.! Great part of
coronary aneurysms is fusiform involving the whole circum-
ference of the vessel, but some saccular aneurysms have been
described.”-? Prevalence ranges from 0.3> to 4.9%* of patients
who undergo coronary angiography. The first case was
reported by Morgagni in 1761,” while the first ante-mortem
diagnosis was made in 1958.° When the maximum diameter of
the artery exceeds 2 cm, the coronary aneurysm can be
described as being “giant”.” The great majority of coronary
aneurysm cases involve a single artery (or branch), predomi-
nantly the right coronary artery.' Involvement of the left main
coronary artery is rare.® Coronary aneurysms (especially giant
cases) are more frequently seen around the atria, suggesting
focal vessel weakness in these regions.

What Causes Coronary Aneurysm?

Etiology is variable. Causes include atherosclerosis, Kawasaki
disease (KD), and vasculitic injury. Congenital aneurysms are
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LAD anearysm

Fig. 1 Computed tomography angiography showing giant coronary
aneurysm involving the left anterior descending (LAD), the circumflex
(CX) artery, and the right coronary artery. The patient is a 53-year-old
woman with no cardiovascular risk factors or positive anamnesis for
Kawasaki disease who presented to the emergency department for

angina. Electrocardiography showed diffuse repolarization abnorm-

ality but no ST-segment elevation. Troponin levels were elevated and a
diagnosis of acute coronary syndrome, non-ST-elevation myocardial
infarction was established.

frequently giant.” latrogenic cases have also been described
following percutaneous coronary intervention (PCI).°

Coronary aneurysms caused by KD, an immunologically
mediated vasculitis, deserve particular attention for their
genetic component and distinct natural history. KD is a
leading cause of acquired heart disease in infants and young
children.'® The mainstay of treatment is intravenous immu-
noglobulin. Generally, coronary aneurysms develop in 3 to
5% of treated patients, rising to 20 to 25% in the untreated.'’

The large discrepancy in outcomes following immuno-
modulatory therapy has led many to investigate the genes
that may be implicated in the pathogenesis of coronary
aneurysms in KD. The inositol 1,4,5-triphosphate receptor
type 3 (ITPR3) gene plays a critical role in the development of
many autoimmune diseases, including Type 1 diabetes mel-
litus, systemic lupus erythematosus, rheumatoid arthritis,
and Grave’s disease. Moreover, the human leukocyte antigen
(HLA) is linked with immune-mediated vascular diseases.
HLA-B-associated transcript (BAT) genes belong to a group
within the HLA class I region. Single-nucleotide polymorph-
isms in ITPR3,'? BAT-2, and BAT-3 have all been associated
with the development of coronary aneurysm in patents with
KD."® Other candidates include the protein-coding genes
NEBL (rs16921209) and TUBA3C (rs17076896), whose func-
tion is associated with cardiac muscle and tubulin.'’

Familial cases of coronary aneurysm in KD patients are
rarely reported. Only two instances have been described: one
in a mother and her son,'* and another in two siblings
(brother and sister)."”

From a pathologic perspective, two different vasculitic
processes can be identified in the coronary arteries affected
by KD. One is an acute self-limiting necrotizing arteritis,'®
with neutrophilic infiltrate originating from the vessel
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lumen. It is associated with extensive necrosis of all layers
of the vessel wall, which may result in saccular aneurysm.
This process is limited to the first 2 weeks following onset of
fever. The other is a subacute/chronic vasculitis that begins
within the first 2 weeks but can persist for months or years.'®
It is characterized by a predominately lymphocytic inflam-
matory infiltrate that originates in the adventitia. Its severity
is extremely broad, ranging from a mild arteritis to a highly
destructive panarteritis. In saccular aneurysms secondary to
the acute process, there is no trace of tunica media or internal
or external elastic laminae. Conversely, these layers can be
identified in aneurysms secondary to the subacute/chronic
vasculitis. Furthermore, coronary aneurysms caused by the
subacute/chronic vasculitis can be saccular or fusiform.!”
These different pathologic characteristics alter the natural
history of these aneurysms.

Atherosclerotic coronary aneurysms are characterized by
hyalinization and lipid deposition in the intima, often with
focal calcification.'® The atherosclerotic process extends to
the media with degeneration of smooth muscle cells and
their replacement with hyalinized collagen.'® An association
between atherosclerotic coronary aneurysm and abdominal
aortic aneurysm has been reported.'®2%21 It is postulated
that coronary aneurysms result from excessive pressure
produced by alternating high/low blood flow in a vessel
weakened by atherosclerosis.'®?2 Atherosclerotic aneurysm
can be either pre- and poststenotic.22

Finally, congenital coronary aneurysms are histologically
similar to atherosclerotic aneurysms, but without lipid
deposition.??

Do Coronary Aneurysms Cause Symptoms?

Although coronary aneurysm are intrinsically asympto-
matic, they can cause angina and myocardial
infarction secondary to vasospasm or intraluminal throm-
bosis, with vessel occlusion or distal embolization.'®242°
Congenital giant coronary aneurysms have been associated
with fistula formation to the ventricles,’-2® leading to con-
gestive heart failure.

Previously, it was believed that disruption of smooth
muscle cells precludes significant vasoconstriction of the
coronary aneurysm. However, ischemic electrocardio-
graphic changes have been seen following administration
of the vasoconstrictor ergonovine maleate.’’ Coronary
aneurysm spasm during PCI has also been described.?® These
data illustrate that non-KD-related coronary aneurysm are
capable of vasocontraction despite an attenuated tunica
media.

Can Coronary Aneurysms Rupture?

The risk of rupture of coronary aneurysms is directly corre-
lated with their etiology. Ruptures have been reported in
young patients with KD during the acute phase of the
diseases.'® As mentioned, during this period, a necrotizing
arteritis causes extensive necrosis of all vessel layers, thereby
predisposing to rupture. However, only a single case of KD-



related coronary aneurysm rupture has been reported
beyond the acute phase of the disease.'®

Rupture of atherosclerotic aneurysm is a very rare and
unpredictable event."*2%3% Only two cases are reported,
and the aneurysm diameter exceeded 8 cm in both cases.'-32

The ability to induce vasospasm, combined with the
extremely low risk of rupture, make the clinical behavior
of atherosclerotic coronary aneurysms distinct from the
histologically similar aneurysms of the descending thoracic
and abdominal aorta.

The explanation for this low risk of rupture has not been
elucidated. We speculate that absence of systolic flow in the
coronary circulation with the subsequent lack of hyperten-
sive peak can explain this peculiar behavior.

How Do We Treat Coronary Aneurysms?

The rarity of coronary aneurysms makes it difficult to stan-
dardize treatment or firmly establish guidelines supporting
optimum management. In general, patients with small asymp-
tomatic coronary aneurysms without significant occlusive
atherosclerotic coronary disease do not require any treatment.
Aneurysms with symptoms secondary to intraluminal throm-
bosis can be managed with anticoagulation therapy or surgery.
To date, there are no data comparing medical management
with surgical treatment. However, most authors agree that
surgical treatment would be indicated based more on the
severity of the underlying coronary disease rather than the
presence of the aneurysm itself.

Surgery consists of ligation of the aneurysm followed by
coronary artery bypass grafting (CABG). Matsubayashi et al
report a novel surgical approach in a case involving the distal
left main coronary artery only.8 They performed a direct
anastomosis of the circumflex artery to the proximal left
main and sutured a 10-mm Dacron interposition graft
between the dilated ostium of the left anterior descending
artery and the proximal aorta. Surgical treatment for giant
aneurysm involving two vessels has been reported as
well 3334 Finally, endovascular treatment of saccular aneur-
ysm with coil embolization to prevent rupture has been
reported.>

For giant coronary aneurysms associated with fistula,
surgery is mandatory to prevent development of end-stage
heart failure.” In these cases, the aneurysm is opened and the
fistulous ostia are closed by direct suture or with a pericar-
dial patch. Then, if aneurysm dimensions and vessel quality
allow, the artery is reconstructed. Otherwise, the aneurysm
is ligated proximally and distally, and CABG is performed.

Conclusions

Coronary aneurysm is a rare condition of variable etiology,
with a strong genetic component in cases attributable to KD.
Coronary aneurysms caused by KD manifest histologic pecu-
liarity that carries a greater risk of rupture. Atherosclerotic
aneurysms, although similar to descending thoracic and
abdominal aortic aneurysm histologically, are clinically dif-
ferent. They exhibit inducible vasospasm and the risk of
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rupture is exceedingly low, perhaps due to the absence of
hypertensive peak. Given the rarity of arteriosclerotic cor-
onary aneurysms, the particular clinical scenario must guide
the choice of management. Options include medical therapy
with anticoagulation and surgery with ligation of the aneur-
ysm and CABG. Coronary aneurysm with fistula mandates
surgery to prevent end-stage heart failure. In our case
(=Video 1, Fig. 1), three giant coronary aneurysms involved
all the main coronary arteries. Heart transplantation may be
considered for such cases.

Funding
None.

Conflict of Interest
The authors report no conflict of interest related to this
article.

Acknowledgments
None.

References
1 Syed M, Lesch M. Coronary artery aneurysm: a review. Prog

Cardiovasc Dis 1997;40(01):77-84

Harikrishnan S, Sunder KR, Tharakan JM, et al. Saccular coronary

aneurysms: angiographic and clinical profile and follow-up of 22

cases. Indian Heart ] 2000;52(02):178-182

Berkoff HA, Rowe GG. Atherosclerotic ulcerative disease and asso-

ciated aneurysms of the coronary arteries. Am Heart ] 1975;90(02):

153-158

Swaye PS, Fisher LD, Litwin P, et al. Aneurysmal coronary artery

disease. Circulation 1983;67(01):134-138

Morgagni GB. de Sedibus et Causis morborum. Venectus. 1. 1761:28

6 Munkner T, Petersen O, Vesterdal J. Congenital aneurysm of the

coronary artery with an arteriovenous fistula. Acta Radiol 1958;

50(04):333-340

Li D, WuQ, SunL, et al. Surgical treatment of giant coronary artery

aneurysm. ] Thorac Cardiovasc Surg 2005;130(03):817-821

Matsubayashi K, Asai T, Nishimura O, et al. Giant coronary artery

aneurysm in the left main coronary artery: a novel surgical

procedure. Ann Thorac Surg 2008;85(06):2130-2132

Walford GD, Midei MG, Aversano TR, Gottlieb SO, Chew PH, Brinker

JA. Coronary artery aneurysm formation following percutaneous

transluminal coronary angioplasty: treatment of associated rest-

enosis with repeat percutaneous transluminal coronary angio-

plasty. Cathet Cardiovasc Diagn 1990;20(02):77-83

10 Burns JC, Glodé MP. Kawasaki syndrome. Lancet 2004;364
(9433):533-544

11 Kuo HC, Li SC, Guo MM, et al. Genome-wide association study
identifies novel susceptibility genes associated with coronary
artery aneurysm formation in Kawasaki disease. PLoS One
2016;11(05):e0154943

12 Huang YC, Lin YJ, Chang JS, et al. Single nucleotide polymorphism
rs2229634 in the ITPR3 gene is associated with the risk of
developing coronary artery aneurysm in children with Kawasaki
disease. Int ] Immunogenet 2010;37(06):439-443

13 Hsieh YY, Lin YJ, Chang CC, et al. Human lymphocyte antigen B-
associated transcript 2, 3, and 5 polymorphisms and haplotypes
are associated with susceptibility of Kawasaki disease and cor-
onary artery aneurysm. J Clin Lab Anal 2010;24(04):262-268

14 Bruckheimer E, Bulbul Z, McCarthy P, Madri JA, Friedman AH,
Hellenbrand WE. Images in cardiovascular medicine. Kawasaki

N

w

N

Ul

~

[}

=)

AORTA  Vol. 7 No. 3/2019

73



74

Coronary Aneurysm Carino et al.

20

2

=

22

23

24

disease: coronary aneurysms in mother and son. Circulation
1998;97(04):410-411

Matsubara T, Furukawa S, Ino T, Tsuji A, Park I, Yabuta K. A sibship
with recurrent Kawasaki disease and coronary artery lesion. Acta
Paediatr 1994;83(09):1002-1004

Orenstein JM, Shulman ST, Fox LM, et al. Three linked vasculo-
pathic processes characterize Kawasaki disease: a light and
transmission electron microscopic study. PLoS One 2012;7(06):
38998

Newburger JW, Takahashi M, Burns JC. Kawasaki disease. ] Am
Coll Cardiol 2016;67(14):1738-1749

Daoud AS, Pankin D, Tulgan H, Florentin RA. Aneurysms of the
coronary artery. Report of ten cases and review of literature. Am |
Cardiol 1963;11:228-237

Satran A, Bart BA, Henry CR, et al. Increased prevalence of
coronary artery aneurysms among cocaine users. Circulation
2005;111(19):2424-2429

Prentice AID, Penfold ]JB. Aneurysm of the coronary arteries. Br
Heart ] 1952;14(01):87-90

Rustinart GJ. Multiple aneurysms of the right coronary artery;
death from a ruptured aneurysm of the abdominal aorta. ] Am
Med Assoc 1952;149(12):1129-1131

Holman E, Peniston W. Hydrodynamic factors in the production of
aneurysms. Am J Surg 1955;90(02):200-209

Mattern AL, Baker WP, McHale ]], Lee DE. Congenital coronary
aneurysms with angina pectoris and myocardial infarction trea-
ted with saphenous vein bypass graft. Am J Cardiol 1972;30(08):
906-909

Van den Broek H, Segal BL. Coronary aneurysms in a young
woman: angiographic documentation of the natural course. Chest
1973;64(01):132-134

AORTA  Vol. 7 No. 3/2019

25

26

27

28

29

30

31

32

34

35

Rath S, Har-Zahav Y, Battler A, et al. Fate of nonobstructive
aneurysmatic coronary artery disease: angiographic and clinical
follow-up report. Am Heart ] 1985;109(04):785-791

Mawatari T, Koshino T, Morishita K, Komatsu K, Abe T. Successful
surgical treatment of giant coronary artery aneurysm with fistula.
Ann Thorac Surg 2000;70(04):1394-1397

Bove AA, Vlietstra RE. Spasm in ectatic coronary arteries. Mayo
Clin Proc 1985;60(12):822-826

Gutowski T, Tannenbaum AK, Moreyra AE. Vasospasm in a
coronary artery aneurysm. Cathet Cardiovasc Diagn 1991;22
(02):127-129

Tunick PA, Slater ], Kronzon I, Glassman E. Discrete atherosclerotic
coronary artery aneurysms: a study of 20 patients. ] Am Coll
Cardiol 1990;15(02):279-282

Anabtawi IN, de Leon JA. Arteriosclerotic aneurysms of the
coronary arteries. ] Thorac Cardiovasc Surg 1974;68(02):226-228
Vijayanagar R, Shafii E, DeSantis M, Waters RS, Desai A. Surgical
treatment of coronary aneurysms with and without rupture.
J Thorac Cardiovasc Surg 1994;107(06):1532-1535

Kondo T, Takahashi M, Nakagawa K, et al. Rupture of massive
coronary artery aneurysm resulting in cardiac tamponade. Leg
Med (Tokyo) 2015;17(05):388-390

Harandi S, Johnston SB, Wood RE, Roberts WC. Operative therapy
of coronary arterial aneurysm. Am ] Cardiol 1999;83(08):
1290-1293

Ghanta RK, Paul S, Couper GS. Successful revascularization of
multiple coronary artery aneurysms using a combination of
surgical strategies. Ann Thorac Surg 2007;84(02):e10-e11
Szpakowski E, Kordecki K, Demkow M, Michalowska I, Mol M,
Stachurski P. Postoperative coronary aneurysm treated with endo-
vascular coiling. Ann Thorac Surg 2014;98(03):1083-1085



