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A Multidisciplinary Approach to a Complicated Acute
Paradoxical Embolism via a Patent Foramen Ovale
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Abstract

We report a case of a 43-year-old male with a history of migraine with
aura and a heterozygous factor V Leiden deficiency presenting with a
complicated paradoxical arterial embolism of a deep vein thrombosis
via a patent foramen ovale (PFO). Recovery was complicated with
a dropfoot due to a reperfusion compartment syndrome. Treatment
involved a multidisciplinary approach including embolectomy, fas-
ciotomy, percutaneous PFO closure and extensive rehabilitation. At
S-month follow-up, the patient reported significant improvement in
pain, sensation, strength and function of his leg. Repeat electromyo-
graphy showed reinnervation potentials and improvement of maximal
contraction in muscles innervated by the tibial and peroneal nerve,
where the latter was not fully restored; however, the patient was able
to walk independently again without orthosis and had restarted work-
ing. In conclusion, a complicated paradoxical embolism should be
treated in a multidisciplinary setting to optimize diagnostic approach,
treatment and rehabilitation.
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Introduction

A paradoxical embolism is a form of venous embolization
leading to an acute arterial occlusion due to cardiac or pulmo-
nary shunting. The presence of a deep vein thrombosis (DVT)
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and right-to-left shunting is mandatory for the diagnosis [1].
With a prevalence of up till 25%, a patent foramen ovale (PFO)
is a common cardiac malformation [2, 3]. In the presence of a
PFO, the incidence of peripheral arterial embolization ranges
from 4.5% to 8% [4-6]. In this report, we describe the com-
plex diagnostic and treatment of a paradoxical embolization
of a DVT through a PFO due to an acute right-to-left shunt
following massive pulmonary embolism, complicated by com-
partment syndrome in two compartments of the lower leg with
severe peroneal and tibial neuropathies.

Case Report

A 43-year-old male was admitted to the emergency department
with symptoms of progressive cramping, non-radiating pain
in the left lower limb and foot weakness for 2 days. His medi-
cal history included migraine with visual and sensitive aura
(hemihypoesthesia, hemiparesthesia, and loss of propriocep-
tion mostly in the right side of the body) since the age of 12.
He was treated with propranolol 40 mg once daily, and the
actual frequency of the attacks which could last for 2 days was
significantly reduced to 2 - 3 times a year. Two weeks before
admission, he started to experience increased exercise-induced
dyspnea.

Initial clinical examination revealed an anemic cold left
foot up till the level of the ankle, a prolonged capillary re-
fill (> 3 s) and weak pulsation on the ipsilateral femoral level
with absence of pulsations on the popliteal level. Neurologi-
cal examination showed a unilateral paralysis of ankle and toe
dorsiflexion, combined with paralysis of ankle plantar flexion,
pretibial hypoesthesia and a reduced Achilles-reflex. Clinical
examination of the contralateral leg and further systemic eval-
uation revealed no abnormalities.

Doppler examination demonstrated no signal distal from
the ipsilateral groin. Duplex ultrasound examination of the ip-
silateral leg revealed a normal triphasic flow on the level of the
iliac and common femoral arty (CFA), but complete occlusion
of the superficial femoral artery (SFA) and deep femoral artery
(DFA). However, on the level of the popliteal artery (p2-p3)
distally weak monophasic could still be found.

An emergency embolectomy was performed. The patient
was placed in supine position. The left femoral bifurcation was
exposed via a longitudinal incision in the ipsilateral groin. Af-
ter clamping of the individual femoral vessels, the DFA and
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Figure 1. Computed tomography angiography of the abdomen and
lower extremities. Successful revascularization with only a minor occlu-
sion at the ipsilateral ostium of the anterior tibial artery.

SFA were opened via a longitudinal arteriotomy. A thrombec-
tomy of both vessels was performed via the insertion of a Fog-
arty thrombectomy catheter. The accessory vein was resected
to allow for an autologous patchplasty of the arteriotomy. A
drain was placed and the wound was closed in multiple layers.
Postoperative evaluation revealed a normal coloured ipsilat-
eral foot with normal capillary refill; however, pulsations of
the dorsal pedal artery or posterior popliteal artery remained
absent. A thick non-constricting cotton wool bandage was ap-
plied and the patient’s bed was placed in an anti-Trendelen-
burg position. On the first postoperative day, clear pulsations
were found over both DPA and PTA; however, the neurologic
deficits remained. Prophylactic low molecular weight heparine
was administered subcutaneously.

Because of neurologic symptoms and progressive dispro-
portional pain, exploration of the lower leg was planned sus-
pecting acute compartment syndrome (ACS). After a lateral
longitudinal incision of the left lower leg, a clear bulging of the
anterior and (antero)lateral compartment was observed. After
the fasciotomy of these two compartments, the initial ane-
mic appearance of the anterior compartment slowly resolved
within several minutes. A shoelace technique suture with skin
staples was created to allow for a delayed closure.
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CT-angiogram of the abdomen and lower extremities on
day 4 postoperatively revealed a successful revascularisation
with only a minor occlusion at the ostium of the anterior tibial
artery over a portion of a several millimeters. Myonecrosis
in the anterolateral and superficial posterior compartment of
the left lower leg was seen, suggesting a compartment syn-
drome (Fig. 1). Furthermore, the scan showed a larger DVT in
the right (contralateral) popliteal vein and superficial femoral
vein.

Transthoracic echocardiography (TTE) on day 4 postop-
eratively revealed pulmonary hypertension and right heart fail-
ure with strong dilation of the right atrium and right ventricle
and moderate dilation of the pulmonary artery, the right ven-
tricular free wall was hypokinetic, and the ventricular septum
showed a dyskinetic contraction pattern (early systolic ante-
rior motion) and an eccentric position in systole and diastole
(bulging) indicating right ventricular pressure overload with
diminished systolic function. Doppler examination revealed a
grade 2/4 tricuspid regurgitation with a calculated transtricus-
pid pressure gradient of 42 mm Hg. There was a moderate dis-
tension of the inferior vena cava with diminished respiratory
variation (< 50%) consistent with an elevated central venous
pressure. The left ventricle and left atrium showed normal di-
mensions and dynamics. There was no thrombus, no left-sided
valve pathology nor pericardial effusion (Fig. 2). Following
these findings, a thoracic CT-angiogram was performed and
revealed the presence of massive bilateral pulmonary embo-
lism in the left lower and proximal in the upper right lobe,
middle right lobe and lower right lobe arteries (Fig. 3). This
was confirmed by a perfusion scan, clearly showing the multi-
ple segmentary and subsegmentary defect images involving all
lobes. Transesophageal echocardiography (TEE) with colour
flow mapping (CFM) and administration of IV contrast (agitat-
ed saline) (CE) demonstrated a PFO with bidirectional shunt,
a small left-to-right shunt (CFM) as shown in Figure 4 and a
spontaneous right-to-left shunt (CE). Echocardiographic and
CT-angiographic findings were consistent with the diagnosis
of acute corpulmonale due to a DVT with massive pulmonary
embolism and paradoxical embolism via a PFO. Right heart
failure with elevation of right atrial pressure produced a con-
tinuous right-to-left shunt, facilitating paradoxical emboliza-
tion leading to acute arterial occlusion of the left superficial
and deep femoral artery.

On day 8 postoperatively, thrombophilia screening was
performed which identified an activated protein C resistance
deficiency of 1.5% (normal value 2.10-3.20%). DNA analysis
showed that this patient was carrier of the heterozygous factor
V Leiden mutation (FVR506Q).

Electromyographic (EMQ) investigation on day 9 showed
a combination of severe peroneal and a less severe tibial neu-
ropathy, with mostly axon loss. Nerve conduction investiga-
tion showed absent peroneal and decreased tibial motor nerve
conduction as well as absent sural sensory nerve conduction.
Needle EMG showed spontaneous activity in peroneal and
tibial innervated muscles, which is the earliest manifestation
of axonal denervation. An intensive rehabilitation was per-
formed five times a week with focus on electrical stimulation
of affected muscles, progressive resisted exercise of ankle
dorsal and plantar flexors, range of motion of the ankle, and
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Figure 2. Transthoracic ultrasound (apical four-chamber view) shows a dilated right ventricle and right atrium. RV: right ventricle;
RA: right atrium; LV: left ventricle; LA: left atrium.

for his venous thromboembolism (VTE). Clinical, ECG and
echocardiographic evaluation (TTE) after 8 weeks revealed no
residual signs of pulmonary hypertension, and dimensions and

gait re-education. Because of the foot weakness, walking aid
and an ankle-foot orthosis were necessary to reduce fall risk.
Our patient was treated with rivaroxaban 20 mg once daily

Figure 3. Computed tomography angiography of the abdomen and thorax. (a) The white arrow shows the deep vein thrombosis
on the contralateral femoro-popliteal level. (b, c) Bilateral lung embolization.
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Figure 4. Transesophageal ultrasound with CFM (short-axis view) demonstrates a PFO with a small left-to-right shunt (arrow). IV
contrast and Valsalva maneuver also confirmed the presence of a right-left shunt (not recorded). LA: left atrium; RA: right atrium;

Ao: proximal ascending aorta.

dynamics of the right ventricle were within normal limits with
normal pulmonary artery pressure and right atrial pressure.

At the 5-month follow-up, the patient reported significant
improvement in pain, sensation, strength and function. Repeat
EMG showed reinnervation potentials and improvement of
maximal contraction in muscles innervated by tibial and pero-
neal nerve, where the latter was not fully restored. Patient was
able to walk independently without orthosis and had restarted
working. Because of the young age of the patient, the clinical
presentation with extensive symptoms and the genetic risk fac-
tor, we decided to transfer the patient to a university hospital
to perform an endovascular PFO closure after 6 months of oral
anticoagulation with rivaroxaban.

Discussion

A PFO is the most prevalent atrial septum defect and patients
often remain asymptomatic. The current gold standard for the
diagnosis of a PFO is the use of contrast-enhanced TEE identi-
fying a right-to-left shunting during Valsalva maneuver [7]. A
recent meta-analysis described the use of transthoracic echo-
cardiography with harmonic imaging (TTE-HI) as a primary
screening test for detecting right-to-left shunts because of its
non-invasiveness and high accuracy [8]. Harmonic imaging is
based on the principle of receiving double the emitted ultra-
sound frequency [9]. TTE-HI has a sensitivity and specificity
0f 90.5% and 92.6%, respectively. TTE-HI produces the high-
est sensitivity and specificity when agitated saline with blood
is injected before the provocation maneuver, and positive car-
diac right-to-left shunt (RLS) is considered by appearance of
microbubbles in the left atrium within three cardiac cycles [8].
A major advantage of TTE is the fact that complications such
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as pulmonary embolism or pulmonary hypertension can be
visualized.

A recent meta-analysis of 21 randomized controlled trials
confirmed that PFO is associated with 3.4-fold migraine with
aura but that there is no association with migraine without aura
[10]. Different pathophysiological mechanisms have been pos-
tulated like right-to-left shunting of small subclinical emboli
and metabolites bypassing the pulmonary system and causing
irritation of the trigeminal nerve or an increased platelet acti-
vation and aggregation in response to serotonin could possibly
trigger migraine and aura (normally serotonin is metabolized
in the pulmonary circulation by the lung monoamine oxidase)
[11, 12]. A2010 meta-analysis concluded that closing the PFO
could cure all the migraine symptoms in 46% of the patients
and reduce the symptoms in about 83% of the patients [13].
Because of the remaining uncertainties, it is still not recom-
mended to use PFO closure as a treatment for migraine with
aura and more research is necessary to declare the role between
migraine and PFO and the risk to develop other complications,
e.g., a paradoxical embolism as described in our case.

ACS mostly develops after trauma, but may also occur
after non-traumatic causes like ischemia-reperfusion injury,
thrombosis or embolectomy. An increase in intra-compartmen-
tal pressure compromises the circulation of the muscles and
nerves, which requires prompt surgical decompression. Evi-
dently, the site of neurologic symptoms by ACS is dependent
on the affected compartment. As seen in our case, increased
pressure in the anterior compartment of the lower leg can cause
drop foot by ischemia of deep peroneal nerve and/or most of
the ankle dorsiflexors. Raised pressure in the (superficial or
deep) posterior compartment can lead to weak ankle plantar
flexion, since these compartments include the tibial nerve and
the muscles for ankle plantar flexion (27). Electromyography
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in ACS with neurological symptoms is interesting in two as-
pects. First of all, location, severity and pathophysiologic na-
ture of nerve injury is essential in patient management. Axonal
nerve injury (which is mostly the case in ACS) has a relatively
poor prognosis compared to segmental demyelination. Partial
neuropathy will recover faster than complete lesions. Further-
more, EMG can differentiate between nerve ischemia and pri-
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