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Pearls
� May-Thurner syndrome (MTS) is an anatomic abnormality consisting of chronic

compression of the left common iliac vein (CIV) by the overlying right common iliac artery
(CIA) andmay predispose to local deep venous thrombus (DVT) formation, which in turn
can result in paradoxical embolus in patients with a right-to-left cardiac shunt.

� Procoagulant states such as antiphospholipid antibody syndrome and homocysteinemia
cause both arterial and venous thrombosis, while alterations in antithrombin III, factor V
Leiden, prothrombin, and protein C relate mostly to venous thrombosis.

Oy-sters
� Presence of a patent foramen ovale (PFO) and a negative lower extremity venous Doppler

in a patient with an embolic stroke of undetermined source should prompt the clinician to
evaluate for proximal causes of emboli, such as MTS.

� Some PFO characteristics, such as the presence of an atrial septal aneurysm (ASA),
excursion of the interatrial septum, and size of the shunt, suggest higher odds of
a thromboembolic event.

� A clinical scoring tool, Risk of Paradoxical Embolism (RoPE), can help determine if a PFO
is related to the stroke mechanism.

We report a case of embolic ischemic stroke in a young patient with PFO and ASA likely due
to MTS.

Case report
A 35-year-old woman with migraine history and current intrauterine device presented to an
outside hospital with abrupt onset left hemiparesis, numbness, and left field cut. She received IV
recombinant tissue plasminogen activator (rtPA) and was transferred to our institution with
symptom resolution by arrival. The patient was a lifetime nonsmoker, had not had any mis-
carriages, was not taking oral contraceptives, and had a bodymass index of 24. No family history
of stroke or hypercoagulable disorder were reported. Neurologic examination was significant
for minimal left-sided incoordination. MRI of the brain revealed acute infarct in the right
lentiform, caudate nuclei, and corona radiata (figure, A and B). CT angiography of the head and
neck, ECG, and 24-hour Holter monitor were unremarkable. Bloodwork and urine toxicology
were normal aside from mild dyslipidemia. Hypercoagulable laboratory studies revealed bor-
derline low antithrombin III activity at 79% (80%–117%). Transthoracic echocardiogram with
bubble study showed a right-to-left cardiac shunt and no other structural abnormality.
Transesophageal echocardiogram revealed a PFO with ASA. Lower extremity venous Doppler
did not show DVT. Given the embolic pattern of infarct and PFO with ASA, magnetic reso-
nance venogram (MRV) of the pelvis was done. MRV revealed compression of the left (CIV)
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by the right common iliac artery (CIA), without evidence of
thrombus (figure, C and D). This finding was believed to be
consistent with MTS. The impression was that the patient’s
stroke was due to paradoxical embolus originating in the iliac
vein, perhaps precipitated by venous stasis in the setting of
a prolonged car trip. She was started on anticoagulation with
apixaban for presumed pelvic DVT.

Discussion
Embolic strokes of undetermined source (ESUS) comprise
25%–33% of all ischemic strokes1,2 and their diagnosis merits
the need for conducting a detailed workup directed towards
finding the etiology. Efforts should be made to determine the
cause, which would lead to a suitable treatment, reducing the
possibility of subsequent stroke and disability.

MTS is an anatomical variant where the left CIV is com-
pressed by the right CIA against the lumbar vertebrae.3 In
1957, May and Thurner found this variant in 22% of cadavers.
This anomaly causes venous stasis that promotes the forma-
tion of thrombi. When accompanied by a PFO, this com-
pression is a possible source of an embolic stroke.

Our patient had an acute stroke with rapid resolution of
symptoms, probably due to treatment with IV rtPA, but is-
chemic changes with an embolic pattern were evident on
MRI. Hypercoagulable states related to arterial ischemic
events, such as homocysteinemia and antiphospholipid anti-
body syndrome, were explored, with negative results. Initial

workup was significant for a PFO with ASA. A PFO is
a common anatomical variant, present in approximately
25%–27% of the normal population.4,5 Moreover, prevalence
is higher in patients with ESUS, which suggests that para-
doxical embolism could be the pathologic mechanism causing
the stroke in many of these cases.6 A meta-analysis of 17
studies found that the odds of finding a PFO in a patient with
ESUS are almost 3 times higher than in patients with stroke
with a known cause.7 However, given its high prevalence in
the general population, it is often difficult to ascertain whether
a PFO relates to the stroke mechanism or is incidental. For
this purpose, a scoring tool has been proposed: the RoPE
score can help determine whether the PFO is incidental or is
significant in the etiology of the stroke.8 Younger patients
without traditional vascular risk factors will have a higher
RoPE score (higher probability of PFO-related stroke). With
a RoPE score of 8, our patient’s PFO most likely played a role
in her stroke mechanism. This hypothesis is strengthened by
the accompanying finding of an ASA, which has a stronger
association with ESUS.9 The next step was locating a source
for the embolus. Lower extremity Doppler was negative for
DVT. Hypercoagulable panel was extended to hypercoagu-
lable states usually related to venous thromboembolism, in-
cluding antithrombin III, factor V Leiden, protein C, and
factor VIII, which were all negative. Due to strong suspicion of
a thromboembolic venous event as the cause of stroke, im-
aging was extended proximally, with an MRV of the pelvis.
Pelvic vascular anatomy was consistent with MTS. A throm-
bus was not seen on the MRV, likely because it had already
embolized completely.

Figure Acute ischemic stroke and May-Thurner syndrome

(A, B) Diffusion-weighted imaging and apparent diffusion coefficient sequences of MRI brain show restricted diffusion in the right lentiform nucleus and right
corona radiata. (C, D) Magnetic resonance venogram of the pelvis shows compression of the left common iliac vein (green arrow) by the right common iliac
artery (orange arrow).
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Few studies have addressed the prevalence of PFO co-
existence with MTS. Two retrospective studies of patients
with ESUS and PFO found a prevalence between 6% and 8%
for MTS, with most of them being young female patients.10,11

Another retrospective study found an increased prevalence of
MTS in patients with ESUS (with or without PFO) when
compared to a control group of patients having undergone
vessel imaging of the pelvis for a different reason.6 Further-
more, degree of compression was higher in the ESUS group.
These findings suggest that MTS should be considered in the
differential diagnosis of patients with ESUS, particularly in
those with a high suspicion for paradoxical embolism given by
a high RoPE score, such as our patient.

After a stroke mechanism was found, the next step was to
initiate therapy that would prevent subsequent strokes in our
patient. There is debate regarding benefit of PFO closure in
patients with ESUS. Initially, 3 clinical trials did not find dif-
ferences in stroke recurrence between patients undergoing
PFO closure when compared to those receiving medical
therapy.12–14 Furthermore, risk of procedure-related compli-
cations ranged from 0% to 4.2% across the trials.12–14 A
pooled analysis from these trials found benefit in the closure
group.15 However, there was significant heterogeneity in the
medical therapy group, as these patients received either
antiplatelet or anticoagulant therapy. Recently, results from 3
randomized trials supported PFO closure to reduce recurrent
strokes in patients with paradoxical embolism.16–18 Never-
theless, current American Heart Association guidelines do not
support PFO closure in patients with ESUS.19 American
Heart Association/American Stroke Association guidelines
recommend anticoagulation in patients with ischemic stroke
and a venous source of embolism, which is probably the
mechanism in this patient.19 Therefore, anticoagulation was
started as a treatment, to avoid formation and subsequent
embolization of another clot in the compressed iliac vein.20

When faced with ESUS in a patient in whom a PFO is
documented, workup should be directed towards ruling out
causes of paradoxical embolism. MRV pelvic imaging is
a useful noninvasive diagnostic tool to assess for thrombus
and abnormal anatomy. Discovery of MTS affects clinical
decision-making and thus, pelvic imaging should be pursued
in patients with ESUSwho are found to have a PFO and a high
RoPE score. This case illustrates that strong consideration
should be given to expanding the standard current diagnostic
approach in select ESUS patients to include MRV pelvis im-
aging as it could better translate into more optimized sec-
ondary stroke prevention therapy.
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