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Abstract:

A 73-year-old man was transferred to our hospital with dyspnea and left hemiplegia. The diagnosis of pul-
monary embolism, entrapped thrombus in patent foramen ovale (PFO), and internal carotid artery occlusion
was made by imaging studies. We decided to perform endovascular treatment without the administration of
tissue plasminogen activator (tPA) for cerebral embolism because of concern about further embolism caused
by fragmented thrombi. After endovascular treatment, he successfully underwent surgical embolectomy for
entrapped thrombus in PFO. Endovascular treatment without tPA administration and subsequent surgical em-
bolectomy seems to be a viable treatment strategy for patients with occlusion of the large cerebral artery ac-

companied by entrapped thrombus in PFO.
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Introduction

Patent foramen ovale (PFO) is a common congenital car-
diac defect that frequently persists into adulthood (1). Pul-
monary embolism (PE) induces pulmonary hypertension,
which changes the shunt flow via the PFO from left-to-right
to right-to-left, thereby increasing the risk of paradoxical
embolism (2). Entrapped thrombus in PFO, also called im-
pending paradoxical embolism, is an imminent fatal condi-
tion that can result in further embolism. In previous reports,
cerebral embolism was described as the most common para-
doxical embolism among patients with this condition (3, 4).

However, while thrombolysis with tissue plasminogen ac-
tivator (tPA) is a standard treatment for cerebral embo-
lism (5), there are concerns that thrombolysis for patients
with impending paradoxical embolism may induce further
embolism by fragmented thrombi. Endovascular treatment is
a viable option for patients who are not eligible for tPA (5),

so this treatment seems to be a reasonable therapeutic option
for patients with cerebral embolism accompanied by im-
pending paradoxical embolism. However, to our knowledge,
there have been no case reports describing patients with
cerebral embolism and impending paradoxical embolism
who underwent endovascular treatment.

We herein report a 73-year-old patient with cerebral em-
bolism, PE, and entrapped thrombus in PFO who success-
fully underwent endovascular treatment without the admini-
stration of tPA for cerebral embolism and subsequent sur-
gery for impending paradoxical embolism.

Case Report

A 73-year-old man was transferred to our emergency
medical center with dyspnea and left hemiplegia. His medi-
cal history was unremarkable other than hypertension. Upon
arrival at the hospital, his vital signs were as follows: Glas-
gow Coma Scale E3V4M6, temperature 36.1°C, pulse rate
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Figure 1.

Figure 2. Transesophageal echocardiography showing a mo-
bile thrombus entrapped in PFO. PFO: patent foramen ovale

121 beats/min, blood pressure 130/94 mmHg, respiratory
rate 20 breaths/min, and oxygen saturation 98% on O, 10 L
via mask. His neurologic examination showed left hemiple-
gia. His National Institutes of Health Stroke Scale (NIHSS)
score on arrival was 19 points. The initial laboratory test
findings were unremarkable other than an elevated D-dimer
level of 28.8 ug/mL, BNP level of 383.4 pg/mL, and tro-
ponin I level of 38.1 pg/mL. An electrocardiogram showed
T wave inversion in leads V1-3 and atrial fibrillation with
rapid ventricular response. Transthoracic echocardiography
showed right ventricular dilation and floating objects in both
the left and right atria. Computed tomography (CT) of the
head did not show any evidence of early infarction.
Contrast-enhanced CT showed bilateral PE (Fig. 1), bilateral
popliteal vein thrombosis, and splenic infarction.

Given the high clinical suspicion of impending paradoxi-
cal embolism, he was intubated and underwent emergency
transesophageal echocardiography, which revealed a large
entrapped thrombus with mobility in the PFO (Fig. 2). Mag-
netic resonance angiography (MRA) showed occlusion of
the right internal carotid artery (Fig. 3A), while diffusion-
weighted magnetic resonance imaging (MRI) findings were

Contrast-enhanced CT showing bilateral pulmonary embolism.

unremarkable other than a high signal intensity at the right
basal ganglia and temporal lobe (Fig. 3B).

There were strong concerns that further embolization
could be fatal, so we prioritized performing emergency sur-
gery. After careful discussion among a team of an emer-
gency physician, neurosurgeon, cardiac surgeon, and cardi-
ologist, we decided to perform endovascular treatment with-
out the administration of tPA for cerebral embolism because
of the strong concerns about inducing further embolism by
fragmented thrombi. Mechanical embolectomy was success-
fully performed using a Solitaire™ stent retriever (Medtronic
Japan, Tokyo, Japan), with a Thrombolysis in Cerebral In-
farction score (TICI) of 3 (Fig. 4). The symptom-to-
recanalization time was 270 minutes. CT of the head after
endovascular treatment was unremarkable other than a local-
ized low-density area in the temporal lobe. After successful
endovascular treatment, he underwent surgical treatment
consisting of excision of the entrapped embolus, pulmonary
embolectomy, and closure of the PFO. A 13-cm fresh
thrombus was removed from the PFO (Fig. 5).

Anticoagulation therapy of unfractionated heparin was ad-
ministered starting on day 2 after surgery. He was able to
obey commands on day 2 as well, although his left extrem-
ity were paralyzed; follow-up CT of the head on day 3 was
unremarkable other than a low-density area at the right basal
ganglia and temporal lobe. The diagnosis of antithrombin 3
deficiency was confirmed by a subsequent laboratory exami-
nation. He suffered from lung abscess following pulmonary
infarction; which required long-term antibiotics treatment.
He was transferred to another hospital for further rehabilita-
tion on day 136. His NIHSS score on discharge was 11
points.

Discussion

To our knowledge, this is the first case report of a patient
with cerebral embolism accompanied by impending para-
doxical embolism who successfully underwent endovascular
treatment without the administration of tPA and subsequent
surgical embolectomy.
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Figure 3.

(A) MRA showing occlusion of the right internal carotid artery. (B) Diffusion-weighted

MRI showing a high signal intensity at the right basal ganglia and temporal lobe.
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Figure 4.
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(A) Angiography showing occlusion of the internal carotid artery. (B) Angiography show-

ing Thrombolysis in Cerebral Infarction score 3 characteristics after endovascular treatment.

Figure 5. A 13-cm-long thrombus removed from the PFO
and thrombi removed from the pulmonary artery. PFO: patent
foramen ovale

Recent reports have emphasized the clinical importance of
PFO among patients with PE. The prevalence of a PFO
among patients with PE is reportedly 30-50%, and the pres-
ence of PFO is associated with an increased risk of cerebral
embolism and death (6-8). Entrapped thrombus in the PFO,
which is direct evidence of paradoxical embolism, can pre-
sent with various clinical features, from low-risk PE without
arterial embolism to cardiac arrest with various arterial em-
bolisms.

There is still no consensus regarding the ideal treatment
for impending paradoxical embolism because of the rarity of
this entity and its wide variety of clinical features. However,
many physicians tend to choose surgery as the first-line
treatment, since patients with impending paradoxical embo-
lism who are treated with tPA reportedly have a higher risk
of mortality and systemic embolism during treatment than
those who undergo surgical embolectomy (4, 9). In fact, the
mortality rates of patients administered tPA and those who
underwent surgery were reportedly 35.7% and 6.3%, respec-
tively (4).
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Among the patients with impending paradoxical embo-
lism, the management for those accompanied by occlusion
of large cerebral artery is particularly challenging. Reperfu-
sion therapy for these patients is mandatory since completed
large cerebral infarction is generally considered as contrain-
dication to not only open heart surgery but also anticoagu-
lant therapy (5). Although tPA is reportedly more effective
for paradoxical embolism than embolism from the left
atrium (10), the administration of tPA not only carries a sig-
nificant risk of further embolism and death (4, 9) but also
hampers emergency surgery. Considering both the need for
reperfusion therapy and risk of tPA, endovascular treatment
without the administration of tPA seems to be a viable treat-
ment strategy for patients with proximal vessel occlusion ac-
companied by an impending paradoxical embolism. Our pa-
tient was able to undergo surgical embolectomy and subse-
quent anticoagulation therapy without further embolism or
hemorrhagic transformation after successful endovascular
treatment without the administration of tPA.

In conclusion, among patients with impending paradoxical
embolism, the management of those accompanied by the oc-
clusion of a large cerebral artery is especially challenging.
Endovascular treatment without the administration of tPA
and subsequent surgical embolectomy seems to be a viable
treatment strategy for this imminently fatal condition.

Written informed consent was obtained from the patient for
publication of this case report and any accompanying images. A
copy of the written consent is available for review by the Series
Editor of this journal.
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