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We describe a 79-year-old male with recurrent high-grade liposarcoma who developed postoperative chest pain, dyspnea,
and hypoxia suspicious for acute pulmonary embolism (PE). However, electrocardiogram (ECG) was suggestive of an acute
ST-elevation myocardial infarction (MI). Heparin was initiated and emergent coronary angiography was performed, which
demonstrated a “cutoff sign” in the distal left anterior descending artery (LAD) consistent with coronary embolism. A patent
foramen ovale (PFO) and bilateral pulmonary emboli were subsequently identified. It was concluded that the patient had
suffered an acute PE, with a portion of clot traversing the PFO and entering the LAD, resulting in a simultaneous acute
ST-elevation MI. While the case described is rare, the underlying anatomical variant is common and may have practical
significance. We discuss the literature regarding PFO with acute PE and paradoxical emboli. Journal of Hospital Medicine

2009;4:E5-E9. © 2009 Society of Hospital Medicine.
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Acute pulmonary embolism (PE) and acute myocardial infarc-
tion (AMI) are common inpatient diagnoses, and are frequently
in the differential diagnosis of patients evaluated for chest pain
and dyspnea. We present a case with 1 unifying explanation for
these entities to coexist. Acute PE with subsequent embolism
to the coronary arteries via a patent foramen ovale (PFO) is
rare, but the underlying disorder and anatomical variant are
common. Of practical significance, hospitalized patients with
acute PE and PFO may have up to a 5-fold increase in morbid-
ity compared to patients with isolated PE.

CASE REPORT
A 79-year-old male smoker underwent resection of a recur-
rent high-grade liposarcoma of the right upper extremity. He
had no antecedent history of coronary artery disease (CAD)
or atrial fibrillation, and had no additional vascular risk fac-
tors. On postoperative day 2, he developed acute chest pain,
dyspnea, and hypoxia. He appeared alert but was diaphoretic
and in moderate distress. Pulse was 84 beats per minute,
blood pressure 230/120 mm Hg, and oxygen saturation 59%
on room air (93% on supplemental oxygen). Heart and lung
exam were unremarkable. Neck veins were not distended. Ex-
tremity exam was negative for edema, asymmetry, or calf ten-
derness, and pedal pulses were palpable bilaterally.

The patient’s initial complete blood count, metabolic panel,
and cardiac enzymes were within normal limits. Arterial blood

gas (on 4-L nasal cannula) revealed pH of 7.35, partial pressure
of arterial oxygen (PaO,) of 65.5 mm Hg, partial pressure of ar-
terial CO, (PaCO,) of 45.4 mm Hg, and an alveolar-arterial gra-
dient of 131.3 mm Hg. Electrocardiogram (ECG) (Figure 1)
showed an unchanged right bundle branch block, but new 2.5-
mm ST segment elevation in leads V4-6, III, and aVE and ST
depression in aVL. At this point, the available data suggested
either PE with secondary ECG changes or acute ST-elevation
MI with hypoxia. Given the ST elevation in 2 coronary distribu-
tions and concern for multivessel CAD, the patient was
referred for emergent coronary angiography.

The patient was given aspirin, intravenous unfractionated
heparin, and morphine. Left heart catheterization showed
an abrupt “cutoff” in the distal left anterior descending ar-
tery (LAD), suggestive of thrombosis secondary to coronary
embolism (Figure 2A); angioplasty was not attempted due
to the distal location of the occlusion. The posterior de-
scending artery from the right coronary artery was relatively
short and the inferior apex was supplied by the distal LAD.
The left ventriculogram demonstrated preserved ejection
fraction but severe apical hypokinesis, correlating with the
occluded vascular territory. The remaining coronary arteries
were without significant stenosis. Based on the angiogram
findings, paradoxical embolism was suspected. Right heart
catheterization identified a previously undiagnosed PFO
(Figure 2B); no thrombus was visualized. Right to left shunt
was not identified; right ventricular systolic pressure was 46
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FIGURE 1. ECG demonstrates an unchanged right bundle branch block, new 2.5-mm ST segment elevation in leads V4-6, III,

and aVE and ST depression in aVL.

FIGURE 2. (A) Left heart catheterization (right anterior oblique cranial view) demonstrates a “cutoff”

sign suggestive of

embolism in the distal LAD. (B) Right atrial angiography with a catheter passing from the right atrium (RA) to the left atrium
(LA) via a patent foramen ovale. AO, aorta; IVC, inferior vena cava; LV, left ventricle.

mm Hg (normal, 15-25 mm Hg). Subsequent spiral com-
puted tomography (CT) revealed bilateral PEs. It was con-
cluded that the patient had suffered an acute PE, from
which the thrombus was able to traverse the PFO and left
heart, ultimately entering the LAD, causing the acute em-
bolic MI (Figure 3). ST elevation was present in the inferior
leads secondary to the “wraparound” LAD that supplied the
inferior apex, as demonstrated by the wall motion abnor-
mality present on ventriculography.
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The patient was felt to be in a hypercoagulable state due
to his malignancy and recent surgery; given the diagnosis of
an acute PE, no ultrasound was performed to search for a
deep vein thrombosis. The patient was transferred to the
intensive care unit, continued on intravenous heparin and
oxygen and started on oral warfarin. Subsequent hospital
course was complicated by aspiration pneumonia and wor-
sening hypoxia, but after a 17-day hospital stay he was
weaned off supplemental oxygen and transferred to an



FIGURE 3. Diagram illustrates the proposed course that the thrombus traveled, from the right heart, through the PFO, into

the left heart, ultimately entering the LAD.

extended care facility with a therapeutic international nor-
malized ratio (INR).

DISCUSSION

PFOs are congenital cardiac lesions that may persist through
adulthood' and are found incidentally in 19% to 36% of the
normal population.” They may range from 1 to 19 mm in
size.?® Contrast echocardiography has enabled a simple,
accurate, and safe procedure for diagnosis (>5 microbub-
bles in the left heart cavities within three cardiac cycles after
their appearance in the right atrium is considered diagnos-
tic), though transesophageal echocardiography (TEE) is the
gold standard.”

First described by Cohnheim in 1877,% paradoxical embo-
lism refers to the passage of embolic material from the ve-
nous to arterial circulation through a cardiac defect such as
a PFO. However, definite confirmation of paradoxical embo-
lism essentially requires “catching the thrombus in the act”
of crossing the foramen ovale. Direct observation of this
during life is rarely possible, and remains confined to iso-
lated echocardiographic reports.5 3

In clinical practice, the diagnosis of paradoxical embo-
lism is almost always presumptive and relies on: (1) the
occurrence of an arterial thromboembolic event in the ab-
sence of atrial fibrillation, left-sided heart disease, or severe
atherosclerosis; (2) the detection of right-to-left shunt, usu-
ally through a PFO or an atrial septal defect (ASD); and (3)
the presence of venous thrombosis or PE.'*

Although most patients are asymptomatic, during the
past 20 years an association of PFO with stroke, migraine
headache, peripheral arterial occlusion, and decompression
induced neurologic dysfunction has been suggested.! The
neurological symptoms are proposed to be secondary to
passage of small thrombi from the venous system through
the PFO into arterial circulation during a transient right-to-

left shunt. The source of clots cannot be established in most
patients; fewer than 10% will have detectable deep vein
thrombosis.'® Even less common are paradoxical emboli to
the coronary arteries,’ estimated at 5% to 10% of all para-
doxical emboli.'®

In order for a thrombus to “paradoxically embolize”
across a PFO, an atrial right-to-left pressure gradient must
be present. Such a gradient occurs in normal individuals
during early ventricular systole and with a Valsalva maneu-
ver.'”' In a community-based cohort study conducted to
evaluate potential stroke risk, 148 (out of 581) subjects were
found to have a PFO by TEE; 84 (57%) had right-to-left
shunting at rest, and 136 (92%) had right-to-left shunting
with Valsalva.? Pathologic instances of pulmonary hyperten-
sion such as PE further elevate right-heart pressures, further
promoting intracardiac shunt.

Acute PE in the setting of PFO carries important prognos-
tic implications. Konstantinides et al.>® prospectively eval-
uated 139 patients with large acute PE, all of whom had pul-
monary hypertension and 96% of whom had right ventricular
dilatation. They found a high prevalence of PFOs (35%) in
this population. Furthermore, the subgroup with both PE and
PFO had a high mortality (33% death rate compared with
14% in those without PFO; P = 0.015). When logistic regres-
sion analysis was performed, only arterial hypotension (odds
ratio [OR] 26.3; P < 0.001) and the presence of PFO (OR 11.4;
P < 0.001) remained significantly correlated with mortality.
The authors reported that the presence of a PFO was associ-
ated with more than a 5-fold increase in the adjusted risk of
major in-hospital complications (P < 0.001); no specific etiol-
ogic factors were proposed for this association.

In general, MI in the absence of CAD is uncommon,
comprising <1% to 6% of all cases.?! No cause is found for
the majority, but reported etiologies include coronary spasm
in 15%, hypercoagulable states in 13%, collagen vascular
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diseases in 2%, and paradoxical embolism in 2%.%* AMI due
to coronary embolism is uncommon, and when it does
occur, left-to-left emboli in the setting of atrial fibrillation or
prosthetic valves are far more common than “paradoxical
emboli”. In an autopsy series of 1,050 patients with MIs,
Prizel et al.®® identified only 55 patients with coronary em-
bolism, none of which was right-sided in origin.

A handful of published case reports documented para-
doxical embolism as a cause for AMI.**?% Reported cases
more often involved an ASD rather than PFO.?”*® In most
cases, diagnosis was made postmortem, though in a com-
prehensive review of the literature, Meier-Ewert et al.'® iden-
tified 8 cases of AMI due to paradoxical embolism being
diagnosed antemortem. Paradoxical emboli have been iden-
tified in all major divisions of the epicardial circulation,
though involvement of the left coronary circulation is more
common than the right.'¢

It is well-established that the prevalence of PFO in
patients with cryptogenic stroke is significantly higher than
in the general population,' and Crump et al.?! examined a
case-matched series of 18 patients with AMI who had little
to no CAD (<30% stenosis) to see if the frequency of PFO
was similarly higher in this group. Each group had identical
frequency of PFO (28%; P = NS). The authors concluded
that PFO is unlikely to contribute significantly to AMI. How-
ever, this study was limited by the small number of patients
and the fact that transthoracic echocardiography (TTE) was
used instead of TEE for the diagnosis of PFO.

The definitive diagnosis of AMI due to paradoxical embo-
lism requires angiographic findings consistent with embolic
occlusion (such as the “cutoff sign” in a distal coronary ar-
tery we observed in Figure 2A), cardiac defects predisposing
to paradoxical emboli (such as PFO), and evidence of a ve-
nous source for thromboembolism. Alternatively, diagnosis
can be made via direct visualization of emboli in the coro-
nary arteries by TEE, or by autopsy.

Although electrocardiography is essential in the diagnosis
and treatment of MI, it has the potential to be deceptive.
Acute pulmonary hypertension caused by PE may be
accompanied by ST elevation in inferior leads II, III, and
aVy in a “pseudoinfarction pattern” mimicking AMIL.?® This
ECG abnormality probably reflects reciprocal changes of
inferoposterior ischemia from right ventricular pressure
overloading. However, clearly distinguishing between pseu-
doinfarction and true inferior infarction in the setting of PE
requires coronary angiography.

Regarding therapy, acute treatment of PE is well-estab-
lished and consists of at least 5 days of therapeutically-
dosed heparin product that overlaps with therapeutic warfa-
rin anticoagulation. Management of the PFO and coronary
embolism is less clear; there are no guidelines for treatment
of coronary embolism. Management strategies should focus
on treatment of acute ischemia as well as prevention of
future emboli, principally anticoagulation. Because the
pathogenesis of AMI in this setting is drastically different
from MI secondary to atherosclerosis, there is neither a bio-
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logical basis nor clinical data to suggest benefit from initia-
tion of beta-blockers, aspirin, angiotensin converting
enzyme inhibitors, or statins.

While studies have been done, and are underway to
address optimal management of PFO in the setting of both
stroke and migraine headache, to our knowledge, no such
trials have addressed PFO and MI. Mehan et al.*° reported 2
cases of AMI caused by suspected paradoxical embolism,
and in both cases, instant percutaneous closure of PFO was
undertaken. However, there are no data to support or refute
such an intervention in this particular setting.
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