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ABSTRACT

Ithough coronary embolism is commonly
reported in case studies, it is probably
under-diagnosed in clinical practice. A recent
retrospective analysis suggested that up to 3% of
acute coronary syndrome (ACS) cases may result
from coronary embolism (1). Awareness of the charac-
teristics of patients who present with coronary embo-
lism and management considerations specific to this
condition may improve clinical outcome in these pa-
tients. We review the published data surrounding
coronary embolism, management, and clinical
implications.
Coronary embolism is divided into 3 types:
1) direct; 2) paradoxical; and 3) iatrogenic, with some
overlap among the categories (2-6). Direct coronary
emboli commonly originate from the left atrial
appendage, left ventricle, the aortic or mitral valves,
or the proximal coronary artery. Embolic tissue may
be thrombus, valvular material, or even neoplasm.
Paradoxical emboli pass through a patent foramen

Coronary embolism is the underlying cause of 3% of acute coronary syndromes but is often not considered in the
differential of acute coronary syndromes. It should be suspected in the case of high thrombus burden despite a relatively
normal underlying vessel or recurrent coronary thrombus. Coronary embolism may be direct (from the aortic valve or left
atrial appendage), paroxysmal (from the venous circulation through a patent foramen ovale), or iatrogenic (following
cardiac intervention). Investigations include transesophageal echocardiography to assess the left atrial appendage and
atrial septum and continuous electrocardiographic monitoring to assess for paroxysmal atrial fibrillation. The authors
review the historic and contemporary published data about this important cause of acute coronary syndromes. The authors
propose an investigation and management strategy for work-up and anticoagulation strategy for patients with suspected
coronary embolism. (J Am Coll Cardiol Intv 2018;11:172-80) ©® 2018 by the American College of Cardiology Foundation.

ovale (PFO), atrial septal defect, or pulmonary arte-
riovenous malformations from the venous circulation
into the systemic circulation. Most commonly the
origin is from a deep vein (deep venous thrombosis).
Iatrogenic emboli may occur following interventional
procedures, usually valve replacements and coronary
intervention.

DIRECT CORONARY EMBOLISM

Direct coronary embolism may result from thrombus
originating from the left atrium, left ventricle, or
pulmonary veins; endocarditis of the aortic or mitral
valve; and, more rarely, cardiac tumors. Clinically
significant coronary embolism has been reported in
1.5% of cases with infective endocarditis and micro-
emboli to the coronary arteries were present in more
than 60% of cases on postmortem examination (7,8).
Although there are no studies that describe risk fac-
tors for coronary embolism, systemic embolization of
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ABBREVIATIONS
AND ACRONYMS

infected vegetation is known to be more common in
patients with endocarditis of the mitral valve, large
vegetations (>10 mm in diameter on echocardiogra-

coronary angiography may result in emboli-
zation of friable valvular material into a
coronary artery (21).

phy), and in fungal or staphylococcal infections (9). ;ﬁ:;;::: coronary

Embolization of noninfective vegetations caused by PREVALENCE OF

PFO = patent foramen ovale

autoimmune disease has also been reported (10).
Although an uncommon cause of coronary embolism,
cardiac myxomas can present with such, particularly
when the tumors are of the villiform variety (11-13).
Coronary emboli may also originate from mural
thrombus within the left-sided cardiac chambers.

PARADOXICAL CORONARY EMBOLISM

The incidence of paradoxical coronary embolism is
unknown. Case reports include coronary emboli
originating from deep vein thrombosis and even
foreign bodies in the venous circulation (14). Emboli
gain access to the systemic circuity by passing
through a PFO or atrial septal defect, and then into
the coronary arteries. Patients with a PFO and major
pulmonary embolus had more than 10-fold increased
mortality compared with those without a PFO in a
retrospective series, and this was thought to result
from paradoxical emboli to either the coronary or,
more commonly, the cerebral circulation (15). Closure
of PFOs is easily accomplished percutaneously and
closure devices have recently been approved by the
Food and Drug Administration for this indication.
Observational data have suggested a benefit of
percutaneous PFO closure compared with medical
therapy (16). Randomized trial data have been
hampered by low event rates and did not demon-
strate superiority compared with medical therapy on
intention-to-treat analysis (17). However, closure was
superior to medical therapy alone on per-protocol
analysis and subgroup analysis suggested a benefit
in patients with large right-to-left shunts and atrial
septal aneurysms, with low rates of risk associated
with device closure.

IATROGENIC CORONARY EMBOLISM

Embolism of surgical material into the coronary ar-
teries may occur at the time of cardiothoracic surgery,
during coronary intervention, commonly at the time
of rotablation (18), and also during aortic (19) and
mitral (20) valvuloplasty procedures. Clot may form
in catheters, particularly during prolonged proced-
ures, when full heparinization is not maintained and
when catheters are not regularly flushed. Coronary
intervention is now the most common cause of cor-
onary embolism (6). In the presence of degenerative
(calcific) aortic valve disease, even diagnostic

CORONARY EMBOLISM

The coronary arteries appear relatively protected
anatomically from embolic events compared with the
other systemic circulation. Thromboemboli origi-
nating in the left ventricle or left atrium most
commonly pass into the carotids or distal systemic
circulation because these vessels are in a relatively
linear trajectory from the left ventricular outflow
tract compared with the coronaries. The acute or right
angle takeoff from the aortic root likely also decreases
the probability of coronary embolism when compared
with other systemic embolism.

The prevalence of coronary embolism was first
estimated from autopsy studies. Prizel et al. (22)
presented a cohort of 55 patients, representing 13%
of the acute myocardial infarctions in an autopsy se-
ries, with thrombotic material in the coronary arteries
but no demonstrable acute plaque rupture, suggest-
ing an embolic source. Most had underlying valvular
heart disease, cardiomyopathy, or atrial fibrillation.

A large series of all-comers to the catheterization
laboratory with a first acute myocardial infarction
over a 12-year period demonstrated up to 3% preva-
lence of coronary embolism (1). Diagnosis was made
on retrospective examination of diagnostic angiog-
raphy and subsequent investigation including echo-
cardiography,
computed tomography. The authors described a
scoring system for definite and probable coronary
embolism (Table 1) to diagnose cases that may have
been misdiagnosed at the time of acute presentation.

magnetic resonance imaging, and

Most cases with coronary embolism in this series had
atrial fibrillation (73%); however, cardiomyopathy
and valvular heart disease were also common. Fifteen
percent of patients had multiple coronary emboli in
different territories. Concomitant systemic and coro-
nary embolism was present in about one-fifth of pa-
tients. Following investigation, an intracardiac
source was identified in one-third of patients, most
commonly within the left atrial appendage, followed
by infective endocarditis.

On long-term follow-up, 10% of patients had
recurrent thromboembolic disease (4% coronary
embolus, 6% stroke). Recurrent events all occurred in
patients with underlying atrial fibrillation. Ten-year
cardiac mortality rate was approximately 50% in the
coronary embolism group compared with <10% in a
comparative ACS group without coronary embolism.
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TABLE 1 Proposed Scoring System for Diagnosis of Definite and
Probably Coronary Embolus

Major criteria

e Angiographic evidence of coronary embolus/thrombus
(e.g., a filling defect, or abrupt occlusion in an artery without
significant atherosclerosis)

e Concomitant coronary emboli in multiple coronary vascular
territories

e Concomitant systemic embolization without left ventricular
thrombus attributable to acute myocardial infarction

o Histological evidence of venous origin of coronary embolic
material

o Evidence of an embolic source based on TTE, TEE, CT, or MRI
(e.g., clot in left atrial appendage)

Minor criteria

e <25% stenosis on angiography in the nonculprit vessels

e Atrial fibrillation

e Presence of embolic risk factors, cardiomyopathy, rheumatic
heart disease, prosthetic valve, PFO, ASD, history of cardiac
surgery, infective endocarditis, or hypercoagulable state

Patients with 2 or more major criteria, 1 major and 2 minor, or 3 minor criteria were
considered to have a definite coronary embolus. Patients with 1 major and 1 minor
or 2 minor criteria were considered to have a probable coronary embolus. Adapted
from Shibata et al. (1).

ASD = atrial septal defect; CT = computerized tomography; MRI = magnetic
resonance imaging; PFO = patent foramen ovale; TEE = transesophageal echo-
cardiography; TTE = transthoracic echocardiography.

This may relate to identification bias because
small embolic events would not meet the diagnostic
criteria or may suggest larger infarctions in the
embolism group compared with the rest of the ACS
population.

DIAGNOSIS AND MANAGEMENT OF
ACUTE CORONARY EMBOLISM

Presentation of coronary embolism is difficult to
distinguish from atherosclerotic ACS before angiog-
raphy. Therefore, initial management with anti-
platelet therapy, pain relief, and urgent or emergency
coronary angiography is the same as for any sus-
pected ACS case. Angiographically, coronary embo-
lism may present with a heavy thrombus burden, as
shown in Figure 1A. Smaller emboli may be present
more distally. Filling defects in multiple coronary
territories is suggestive of coronary embolism.
Although some patients present with a heavy
thrombus load and no underlying coronary athero-
sclerosis, more commonly patients have a degree of
bystander atherosclerosis, making diagnosis more
challenging.

If there is a high thrombus burden, aspiration
thrombectomy may be considered. The evidence for
this is controversial because trials have suggested no
significant benefit in ST-segment elevation myocar-
dial infarction and an increased risk of post-
procedural stroke (23,24). However, meta-analysis of
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individual patient data has suggested there may be a
significant reduction in cardiovascular mortality in
selected patients with high thrombus load, albeit with
a small but significant increase in stroke risk (25).
Thrombectomy trials have usually used aspiration
devices; however, the Angiojet (Boston Scientific,
Marlborough, Massachusetts) may have increased
efficacy in restoration of flow and removal of throm-
boembolic material (26).

Aspiration allows better assessment of the under-
lying coronary artery. If aspiration results in full
restoration of flow and a normal angiographic
appearance, intravascular ultrasound or optical
computerized tomography could be used to further
evaluate the vessel to assess the potential for isolated
plaque erosion versus embolic phenomena. If the ar-
tery appears angiographically normal, balloon angio-
plasty and stents are not required.

Aspirated material should be sent to pathology for
further examination that may assist in narrowing the
differential for thrombus origin. For instance, iden-
tification of platelet- and fibrin-rich material is
consistent with acute thrombus from the left heart or
proximal coronary artery (Figure 2) and may allow
distinction from a venous paradoxical embolus,
which would be more likely to demonstrate organi-
zation of the thrombotic material. Less commonly but
vital for patient management, embolic material from
a neoplasm, foreign material, or infected source
(septic emboli) may be identified.

Aspiration may not remove the thrombus entirely,
necessitating the use of antiplatelet and anticoagu-
lant agents. Intracoronary thrombolytics have been
used to good effect in case studies (27). Infusion of
unfractionated heparin, GPIIb/IIIa agents, or bivalur-
udin may be used to manage distal embolus, particu-
larly in vessels with reduced distal perfusion (3).
However, in the case of more organized thrombus, for
example from paradoxical emboli, these agents may
not be effective.

Following acute intracoronary management, the
patient should be screened for the source of embolic
material and for systemic embolism. If paradoxical
embolism is suspected at the time of the angiogram,
right heart catheterization may identify intra-atrial
communication. Transthoracic echocardiography
may allow identification of left ventricular thrombus,
whereas transesophageal echocardiography allows
visualization of the left atrial appendage (Figure 1).
Either transesophageal echocardiography or trans-
thoracic echocardiography may suggest communica-
tion across the atrial septum and bubble studies may
be used to confirm the presence of a PFO. In this case,
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FIGURE 1 Angiographic Appearance of Coronary Embolism

insertion.

(A) Filling defects (arrow) with an acutely occluded vessel. (B) The same vessel following aspiration thrombectomy. (C) Other signs of
coronary thrombus include the "rail road track” sign (arrow) where the embolus is floating in the lumen and contrast dye passes on either side
of the defect. (D) Smaller thrombus in the atrioventricular circumflex artery (arrow) that acutely embolized during transcatheter aortic valve

screening of the venous circulation for deep vein
thrombosis or pulmonary embolus may be considered
based on clinical probability. Coronary embolism is
commonly associated with other systemic embolism.
Clinical evidence of stroke was present in 15% of pa-
tients presenting with coronary embolism on a
retrospective series (1) and prevalence of subclinical
cerebral embolism is likely even higher.
Interestingly, in the cohort study by Shibata et al.
(1), most patients with atrial fibrillation and coronary
embolus had a CHADS, score of 0 or 1. Acute finding
of left ventricular or left atrial appendage thrombus is
usually treated with anticoagulation, and we suggest
treatment with oral anticoagulation be started even if
the CHADS, or CHADS,-VASc score does not meet
conventional criteria for anticoagulation (28) because
these patients remain at increased risk for future
thromboembolic events. The role of left atrial
appendage occlusion devices in coronary embolism

has not been studied; however, these may be an
alternative in these patients if long-term oral anti-
coagulation is not suitable.

IS THERE A ROLE FOR THROMBOPHILIA
TESTING IN PATIENTS WITH
CORONARY EMBOLISM?

For clot to form, at least 2 of the conditions of
Virchow triad (Central Illustration, top triangle) must
be present. For coronary embolism, anatomic factors,
such as a PFO, allow transit of clot from the venous to
the arterial circulation and provide an additional risk
factor.

A procoagulant state might reasonably be expected
to increase risk of embolic disease; however, throm-
bophilia testing is seldom indicated as part of the
diagnostic work-up for coronary embolism. The
inherited thrombophilias have an estimated
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FIGURE 2 Coronary Thrombus and Sites of Potential Thromboembolism

(A) Magnetic resonance brain demonstrating multiple small embolic cerebral infarctions. (B) Left atrial appendage with a heavy thrombus
burden. The same patient had multiple presentations with recurrent right coronary artery thromboemboli. (C) Photomicrograph of the

aspirated material from thrombectomy under low-power magnification (hematoxylin and eosin, original magnification x40). (D) Photomi-
crograph of the same specimen at higher power magnification, demonstrating a laminated, platelet- and fibrin-rich thromboembolus (he-

matoxylin and eosin, original magnification x200).

prevalence of 5% in the general population (29).
Although they increase the risk of venous thrombo-
embolism, there was no increased risk of arterial
thromboembolism in long-term cohort studies of
patients with inherited thrombophilia (30). Case
control studies have suggested a similar prevalence
of protein C, protein S, and antithrombin deficiencies
in patients with cryptogenic stroke or myocardial
infarction and matched control subjects, evenin young
patients (31-33). Development of thrombosis, both
venous and arterial, is complex and genetic de-
terminants are a smaller component of risk compared
with environmental and acquired risk factors (34).

Because of the rarity of coronary embolic disease,
recommendations for thrombophilia testing are
extrapolated from the data for strokes of possible
thromboembolic etiology and, to a lesser extent,
venous thromboembolism. Routine thrombophilia
testing does not change anticoagulation strategy in
most cases of coronary embolism; however, it should
be considered if it is likely to change management of
the patient.

For most patients with coronary embolism, if the
risk of bleeding is low and there are no reversible
risk factors (Table 2), long-term oral anticoagulation
is generally recommended. The recurrence rate for
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Coronary Emboli
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For clot to form, at least 2 of the conditions of Virchow triad (top triangle) must be present. For coronary embolism, anatomic factors, such as
a patent foramen ovale, allow transit of clot from the venous to the arterial circulation and provide an additional risk factor. ASD = atrial
septal defect; DVT = deep vein thrombosis; LV = left ventricular; PFO = patent foramen ovale.

thromboembolic events was 10% (1) on follow-up so
a negative thrombophilia screen may even provide
false reassurance (35), because it only tests for
known thrombophilia mutations. If there are con-
cerns regarding bleeding risk with long-term oral
anticoagulation, thrombophilia testing may be useful

to assess individual patient risk of recurrent
thromboembolism.

Young patients, both for coronary embolism and
stroke, are a particular area of difficulty with mini-
mal data in the stroke data and no data for coronary
thromboembolism. Data from stroke suggests that
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TABLE 2 Acquired Risk Factors for Thrombophilia

Recent surgery/trauma/fracture
Immobilization

Active cancer

Smoking

Antiphospholipid syndrome
Autoimmune disorders
Myeloproliferative disorders
Prothrombotic chemotherapy agents
Heparin-induced thrombocytopenia
Microalbuminuria/nephrotic syndrome
Pregnancy or post-partum

Oral contraceptive use

Estrogen or progestin therapy
Selective estrogen receptor modulators (e.g., tamoxifen)
Paroxysmal hemoglobinuria

thromboembolic disease is the underlying cause of
20% of strokes in patients younger than 50 years
of age, largely in patients with first stroke at age
<35 (36). Thrombophilia testing has been empirically
recommended in patients younger than age 45 with a
cryptogenic stroke (37); however, there are no data
to support improved clinical outcome as a result of
this testing and we advocate discussion of long-term
oral anticoagulation as the first-line management
recommendation.

Interpretation of thrombophilia testing is complex.
Patients are required to be off all anticoagulation and
is best performed after the acute phase reaction has
resolved. Novel oral anticoagulants may cause false-
positive lupus anticoagulant testing and falsely low
antithrombin activity (38). Additional management
dilemmas are associated with any genetic testing,
including management of mutations of unknown
significance and the anxiety associated with familial
testing.

Full history and clinical examination should assess
for procoagulant risk factors, including signs and
symptoms of active cancer; vasculitis; autoimmune
disease; hyperviscosity syndromes; and infection,
including endocarditis and factors increasing risk of
thromboembolism, including immobility and medi-
cation use (Table 2). A detailed history of recurrent
miscarriage, previous venous thromboembolism, and
arterial thromboembolism should be taken. Blood
tests including erythrocyte sedimentation rate and
vasculitis and autoimmune testing where clinically
suspected should be performed. Management is then
guided by clinical assessment of likelihood of recur-
rent embolism.

MANAGEMENT OF CORONARY EMBOLISM:
WHO TO ANTICOAGULATE AND
FOR HOW LONG

Patients presenting with coronary embolism of sus-
pected venous origin, either from the history and
examination or from histological examination of the
aspirated thrombus, should undergo further work-up
to assess for the source and route of paradoxical
embolism, including assessment for PFO and arte-
riovenous malformations. Paradoxical embolism is
more difficult to identify and therefore may be
underdiagnosed as a cause of coronary embolism. In
keeping with the venous thromboembolism guide-
lines, management typically is with 3 months of oral
anticoagulation in patients with reversible risk
factors (Table 2), such as temporary immobility, post-
surgery, and postpartum Idiopathic thromboembo-
lism or thromboembolism associated with ongoing
procoagulant states, such as active cancer, are likely
to benefit from long-term oral anticoagulation (38).

Patients with atrial fibrillation had a 10% recur-
rence rates in the series by Shibata et al. (1) and
should be offered long-term oral anticoagulation un-
less there are contraindications. For all other coro-
nary embolism patients, we suggest a period of oral
anticoagulation for 3 months in the absence of
ongoing procoagulant risk factors (Table 2). For those
with persistent risk factors, long-term oral anti-
coagulation should be considered.

Anticoagulation should be achieved with warfarin
or a novel oral anticoagulant rather than antiplatelet
drugs. Patients who received a coronary stent at the
time of coronary angiography are more complex.
Management may either be with triple therapy or a
single antiplatelet agent coupled with oral anti-
coagulation, such as warfarin and clopidogrel. Again,
in the absence of guidelines, decisions are at the
discretion of the individual clinician and assessment
of bleeding risk against risk of further thromboem-
bolic events.

EMPIRIC RECOMMENDATIONS FOR
INVESTIGATION OF CORONARY EMBOLISM

e History and examination should be performed to
assess for evidence of conditions resulting in either
temporary or sustained increased risk of throm-
boembolism (Table 2).

e Patients should be investigated for atrial fibrilla-
tion, particularly paroxysmal, with electrocardio-
gram telemetry.
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e Patients should be investigated with trans-
esophageal echocardiography to assess for left
atrial appendage thrombus or spontaneous
contrast in the left atrial appendage, indicating
increased predisposition to hemostasis in the left
atrial appendage, PFO, and atrial septal defect.

EMPIRIC RECOMMENDATIONS FOR
TREATMENT OF CORONARY EMBOLISM

e Patients with atrial fibrillation with a low risk of
bleeding should be offered long-term oral anti-
coagulation, regardless of the CHADS,-VASc score.

e Patients with recurrent coronary embolism with a
low risk of bleeding should be offered long-term
oral anticoagulation.

o Patients with a reversible risk factor for thrombo-
embolic disease (Table 2) at the time of coronary
embolism that has subsequently resolved should
receive oral anticoagulation for 3 months.

o Patients with persistent risk factors for thrombo-
embolic disease should be offered long-term oral
anticoagulation.

e Patients who underwent percutaneous coronary
intervention (stenting) need to receive antiplatelet
agents in addition to oral anticoagulation.

e There is no role for routine thrombophilia testing
in patients with coronary embolism.

e If there are concerns regarding bleeding risk or
patients are unwilling to take long-term oral
anticoagulation, thrombophilia testing may aid
individual risk stratification for recurrent
thromboembolism.

CONCLUSIONS

Coronary embolus is an underrecognized cause of
ACS. It occurs most commonly following coronary
or surgical intervention. However, spontaneous

Raphael et al.
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embolization of thrombi from the Ileft atrial
appendage, left ventricle, or systemic veins (para-
doxical) may occur and present as ACS. In the case of
high thrombus burden or recurrent thrombus with a
relatively normal underlying coronary artery, coro-
nary embolism should be suspected. Investigation
with transthoracic and transesophageal echocardiog-
raphy may reveal a source of coronary emboli. Aspi-
ration thrombectomy should be considered in the
presence of a high thrombus load, whereas distal
embolus may be managed with anticoagulation.
Following aspiration, if the underlying vessel appears
free of atherosclerosis, the patient may be managed
with anticoagulation alone. Intravascular ultrasound
or optical computerized tomography may be helpful
in determining if there is underlying atherosclerosis
and if percutaneous coronary intervention/balloon
angioplasty should be considered. Patients should be
screened for underlying atrial fibrillation and sources
of embolic material, including left atrial appendage
thrombus, left ventricular thrombus, and ater-
iovenous communications.

At present, the natural history of coronary embo-
lism is not well understood; however, the cardiac
mortality rate on a recent cohort study was 50% at
10 years, significantly higher than the general ACS
population. This suggests these patients require
further study to identify the natural history of the
condition and how to optimize management to
improve outcome. We suggest that patients be
managed with oral anticoagulation for a period of
3 months if embolism occurred because of temporary
procoagulant risk factors, and with long-term oral
anticoagulation in the presence of persistent risk
factors, including atrial fibrillation.

ADDRESS FOR CORRESPONDENCE: Dr. David R.
Holmes, Jr., Department of Cardiovascular Diseases,
Mayo Clinic, 200 First Street SW, Rochester,
Minnesota 55905. E-mail: holmes.david@mayo.edu.

REFERENCES

1. Shibata T, Kawakami S, Noguchi T, et al. Prevalence,
clinical features, and prognosis of acute myocardial
infarction attributable to coronary artery embolism.
Clinical perspective. Circulation 2015;132:241-50.

2. Steiger BW, Libanoff AJ, Springer EB. Myocar-
dial infarction due to paradoxical embolism. Am J
Med 1969;47:995-8.

3. Steinwender C, Hofmann R, Hartenthaler B,
Leisch F. Resolution of a coronary embolus by
intravenous application of bivalirudin. Int J Cardiol
2009;132:e115-6.

4. Lacunza-Ruiz FJ, Mufioz-Esparza C, Garcia-de-
Lara J. Coronary embolism and thrombosis of
prosthetic mitral valve. J Am Coll Cardiol Intv
2014;7:e127-8.

5. Garachemani A, Eshtehardi P, Meier B. Para-
doxical emboli through the patent foramen ovale
as the suspected cause of myocardial and renal
infarction in a 48-year-old woman. Catheter Car-
diovasc Interv 2007;70:1010-2.

6. Cheng TO. Coronary embolism. Int J Cardiol
2009;136:1-3.

7. Brunson JG. Coronary embolism in bacterial
endocarditis. Am J Pathol 1953;29:689-701.

8. Saphir O, Katz LN, Gore I. The myocardium
in subacute bacterial endocarditis. Circulation
1950;1:1155-67.

9. Fabri J, Issa VS, Pomerantzeff PMA,
Grinberg M, Barretto ACP, Mansur AJ.
Time-related distribution, risk factors and prog-
nostic influence of embolism in patients with left-
sided infective endocarditis. Int J Cardiol 2006;
110:334-9.

179


mailto:holmes.david@mayo.edu
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref1
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref1
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref1
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref1
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref2
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref2
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref2
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref3
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref3
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref3
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref3
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref4
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref4
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref4
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref4
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref5
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref5
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref5
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref5
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref5
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref6
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref6
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref8
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref8
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref8
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref9
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref9
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref9
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref9
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref9
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref9

Raphael et al.
Embolic Occlusion of Coronary Artery

10. Murphy JC, Bhindi R, Ward M. An unusual
cause of embolic myocardial infarction. Eur Heart J
2012;33:960.

11. El Sabbagh A, Al-Hijji MA, Thaden JJ, et al.
Cardiac myxoma: the great mimicker. J Am Coll
Cardiol Img 2017;10:203-6.

12. Panos A, Kalangos A, Sztajzel J. Left atrial
myxoma presenting with myocardial infarction.
Case report and review of the literature. Int J
Cardiol 1997;62:73-5.

13. Braun S, Schrotter H, Reynen K, Schwencke C,
Strasser RH. Myocardial infarction as complication
of left atrial myxoma. Int J Cardiol 2005;101:115-21.

14. Mallouppas M, Vassiliou V, Goddard M, Rana B,
Braganza D. An unusual complication of hip sur-
gery: paradoxical coronary embolism of foreign
material as a cause of acute MI. Eurolntervention
2015;11:658.

15. Konstantinides S, Geibel A, Kasper W,
Olschewski M, Bliimel L, Just H. Patent foramen
ovale is an important predictor of adverse
outcome in patients with major pulmonary em-
bolism. Circulation 1998;97:1946-51.

16. Wahl A, Jini P, Mono M-L, et al. Long-term
propensity score-matched comparison of percu-
taneous closure of patent foramen ovale with
medical treatment after paradoxical embolism.
Circulation 2012;125:803-12.

17. Carroll JD, Saver JL, Thaler DE, et al. Closure of
patent foramen ovale versus medical therapy after
cryptogenic stroke. N Engl J Med 2013;12368:
1092-100.

18. Waksman R, Ghazzal ZM, Baim DS, et al.
Myocardial infarction as a complication of new
interventional devices. Am J Cardiol 1996;78:
751-6.

19. Khawaja MZ, Sohal M, Valli H, et al. Standalone
balloon aortic valvuloplasty: Indications and out-
comes from the UK in the transcatheter valve era.
Catheter Cardiovasc Interv 2013;81:366-73.

20. Chikkabasavaiah N, Rajendran R. Percutaneous
coronary intervention for coronary thrombo-

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 11,

embolism during balloon mitral valvuloplasty in a
pregnant woman. Heart Lung Circ 2016;25:e29-31.

21. Dauvergne C, Araya M, Valenzuela J,
Meneses M, Selman R, Maluenda G. Acute
myocardial infarction after left-heart catheteriza-
tion in a patient with severe calcified bicuspid
aortic stenosis. J Am Coll Cardiol Intv 2014;7:e5-6.

22, Prizel KR, Hutchins GM, Bulkley BH. Coronary
artery embolism and myocardial infarction. Ann
Intern Med 1978;88:155.

23. Jolly SS, Cairns JA, Yusuf S, et al. Outcomes
after thrombus aspiration for ST elevation
myocardial infarction: 1-year follow-up of the
prospective randomised TOTAL trial. Lancet 2016;
387:127-35.

24, Frobert O, Lagerqvist B, Olivecrona GK, et al.
Thrombus aspiration during ST-segment elevation
myocardial infarction. N Engl J Med 2013;369:
1587-97.

25. Jolly SS, James S, Dzavik V, et al. Thrombus
aspiration in ST-segment-elevation myocardial
infarction: an individual patient meta-analysis.
Thrombectomy Trialists Collaboration. Circulation
2017;135:143-52.

26. Migliorini A, Stabile A, Rodriguez AE, et al.
Comparison of angiojet rheolytic thrombectomy
before direct infarct artery stenting with direct
stenting alone in patients with acute myocardial
infarction. J Am Coll Cardiol 2010;56:1298-306.

27. Mentzelopoulos SD, Kokotsakis JN, Romana CN,
Karamichali EA. Intracoronary thrombolysis and
intraaortic balloon counterpulsation for the emer-
gency treatment of probable coronary embolism
after repair of an acute ascending aortic dissection.
Anesth Analg 2001;93:56-9.

28. Nadir MA. Letter by Nadir regarding article,
“Prevalence, Clinical Features, and Prognosis of
Acute Myocardial Infarction Attributable to Cor-
onary Artery Embolism.” Circulation 2016;133:
e378.

29. Rosendaal FR, Tans G, Nicolaes G, Bertina R,
Mannucci P. Venous thrombosis: a multicausal

NO. 2, 2018
JANUARY 22, 2018:172-80

disease. Lancet (London, England) 1999;353:
1167-73.

30. Martinelli I, Mannucci PM, De Stefano V,
et al. Different risks of thrombosis in four
coagulation defects associated with inherited
thrombophilia: a study of 150 families. Blood
1998;92:2353-8.

31. Boekholdt SM, Kramer MHH. Arterial throm-
bosis and the role of thrombophilia. Semin Thromb
Hemost 2007;33:588-96.

32. Hankey  GJ, Eikelboom JW,  van
Bockxmeer FM, Lofthouse E, Staples N, Baker RI.
Inherited thrombophilia in
and its pathogenic subtypes. Stroke 2001;32:
1793-9.

ischemic stroke

33. Rallidis LS, Belesi Cl, Manioudaki HS, et al.
Myocardial infarction under the age of 36: preva-
lence of thrombophilic Thromb
Haemost 2003;90:272-8.

disorders.

34. Mandala E, Lafaras C, Tsioni C, et al.
Prevalence of thrombophilic mutations in pa-
tients with unprovoked thromboembolic dis-
ease. A comparative analysis regarding arterial
and venous disease. Hippokratia 2012;16:
250-5.

35. Stevens SM, Woller SC, Bauer KA, et al. Guid-
ance for the evaluation and treatment of heredi-
tary and acquired thrombophilia. J Thromb
Thrombolysis 2016;41:154-64.

36. Putaala J, Metso AJ, Metso TM, et al.
Analysis of 1008 consecutive patients aged 15
to 49 with first-ever ischemic stroke: the Hel-
sinki Young Stroke Registry. Stroke 2009;40:
1195-203.

37.Ng KWP, Loh PK, Sharma VK. Role of
investigating thrombophilic disorders in young
stroke. Stroke Res Treat 2011;2011:670138.

38. Cohoon KP, Heit JA. Inherited and secondary
thrombophilia. Circulation 2014;129:254-7.

KEY WORDS coronary embolism, coronary
embolus, paradoxical


http://refhub.elsevier.com/S1936-8798(17)31973-8/sref10
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref10
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref10
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref11
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref11
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref11
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref12
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref12
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref12
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref12
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref13
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref13
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref13
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref14
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref14
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref14
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref14
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref14
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref15
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref15
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref15
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref15
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref15
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref16
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref16
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref16
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref16
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref16
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref17
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref17
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref17
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref17
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref18
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref18
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref18
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref18
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref19
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref19
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref19
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref19
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref21
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref21
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref21
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref21
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref21
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref22
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref22
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref22
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref23
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref23
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref23
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref23
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref23
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref24
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref24
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref24
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref24
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref25
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref25
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref25
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref25
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref25
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref25
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref26
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref26
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref26
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref26
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref26
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref27
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref27
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref27
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref27
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref27
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref27
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref28
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref28
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref28
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref28
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref28
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref29
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref29
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref29
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref29
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref30
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref30
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref30
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref30
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref30
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref31
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref31
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref31
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref32
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref32
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref32
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref32
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref32
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref33
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref33
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref33
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref33
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref34
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref34
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref34
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref34
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref34
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref34
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref35
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref35
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref35
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref35
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref36
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref36
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref36
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref36
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref36
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref37
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref37
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref37
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref38
http://refhub.elsevier.com/S1936-8798(17)31973-8/sref38

	Coronary Embolus
	Direct Coronary Embolism
	Paradoxical Coronary Embolism
	Iatrogenic Coronary Embolism
	Prevalence of Coronary Embolism
	Diagnosis and Management of Acute Coronary Embolism
	Is There a Role for Thrombophilia Testing in Patients With Coronary Embolism?
	Management of Coronary Embolism: Who to Anticoagulate and for How Long
	Empiric Recommendations for Investigation of Coronary Embolism
	Empiric Recommendations for Treatment of Coronary Embolism
	Conclusions
	References


