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Recurrent vertebrobasilar strokes 
and transient‑ischemic attacks with 
challenging workup: Case report
Sibylle Wilfling, Mustafa Kilic, Blagovesta Tsoneva, Martin Freyer1, David Olmes, 
Christina Wendl2, Ralf A. Linker, Felix Schlachetzki

Abstract:
Detecting the stroke etiology in young patients can be challenging. Among others, determining 
causality between ischemic stroke and patent foramen ovale (PFO) remains a complicated task for 
stroke neurologists, given the relatively high prevalence of PFOs. Thorough diagnostic workup to 
identify incidental vascular risk factors and rare embolic sources is crucial to avoid premature PFO 
closure suggesting successful secondary stroke prevention. In this paper, we report on a 38‑year‑old 
patient with recurrent vertebrobasilar territory, especially right posterior inferior cerebellar artery (PICA) 
territory strokes. After the initial suspicion of a left vertebral artery (VA) dissection was not confirmed 
by ultrasound and magnetic resonance imaging (MRI) and other major risk factors were excluded, 
a PFO was detected and closed. Successful PFO closure was confirmed by transesophageal 
echocardiography, yet recurrent transient‑ischemic attacks and vertebrobasilar strokes, especially 
during nighttime and in the early morning, occurred despite various antiplatelet and antithrombotic 
regimes and a persistent right‑to‑left shunt was detected by bubble transcranial Doppler. Finally, 
MRI after another vertebrobasilar infarction detected a transient left VA occlusion that finally led 
to the diagnosis of a left VA pseudoaneurysm from an incident emboligenic dissection in the atlas 
segment. This pseudoaneurysm together with an anatomical variant of the right PICA originating 
with the right anterior inferior cerebellar artery from the basilar artery finally explained the recurrent 
ischemic events of the patient. After successful treatment with coil occlusion, the patient suffered 
no further stroke and recovered completely. In summary, stroke in the young remains a diagnostic 
challenge. The incidental finding of a PFO should not deter from thorough stroke workup and the 
follow‑up of these patients including PFO closure verification should be performed under the guidance 
of vascular neurologists.
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Introduction

Ischemic stroke incidence in young 
patients is increasing and accounts for 

about 15% of all strokes.[1,2] In particular, 
stroke etiology differs significantly from 
elderly patients in whom classical vascular 
risk factors predominate.[1‑4] In patients 
younger than 45 years, risk factors leading to 

atherosclerosis and microangiopathy are less 
common and arterial dissections and other 
specific stroke causes (genetic disorders, 
coagulopathies, and vasculitis) prevail.[1‑5] 
Nevertheless, the prevalence of such risk 
factors is increasing even among the younger 
population.[1] In some cases, several different 
risk factors and pathologies may be found, 
resulting in a difficult diagnostic workup.

Overall, in over 30% of all cases of young 
stroke patients, the etiology remains 
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cryptogenic.[3] In almost half of young stroke patients with 
cryptogenic stroke, a patent foramen ovale (PFO) can be 
detected.[6] However, the overall PFO prevalence is 25%, 
thus rendering the establishment of a causal connection 
between PFO and stroke difficult.[7]

Yet, proper and complete diagnostic workup is 
crucial to prevent further ischemic events. Based 
on the proven pathology, therapy of dissections 
usually consists of oral anticoagulation or antiplatelet 
therapy (AP).[8,9] In concordance with recent studies, 
PFO closure is usually performed based on the risk of 
paradoxical embolism (RoPE) score or the embolic stroke 
of undetermined source (ESUS) criteria.[10‑14]

Case Report

We report on a 38‑year‑old patient [timeline and 
medication: Figure 1] without relevant prior illnesses 
who initially suffered from transient ataxia lasting a 
few hours. The following day, he developed dysarthria, 
hemiataxia of the right side as well as hemiparesis 
right and hypesthesia of the right foot leading to 
hospital admission (National Institutes of Health 

Stroke Scale [NIHSS] at presentation 6). Intravenous 
thrombolysis was performed and the symptoms 
resolved. After diagnostic workup, the patient was 
dismissed from the hospital without symptoms (NIHSS 
0, modified Rankin Scale 0).

At that time, the diagnostic workup revealed several 
pathologies:

Cerebral imaging with native computed tomography (CT) 
before thrombolysis did not show any anomalies. 
A dissection of the left vertebral artery (VA) in the V3 
segment was suspected on CT angiography, but this 
finding was not confirmed in time‑of‑flight magnetic 
resonance (MR) angiography, fat‑saturated MR 
imaging (MRI), and duplex ultrasound the following 
days. cMRI and CT image at the initial presentation are 
shown in Figure 2. Unfortunately, the standard protocol 
for fat‑saturated MRI only reaches as far as C1 and thus 
did not reach the dissection site. Another reason why 
the suspected dissection was discarded was that it was 
contralateral to parts of the infarction that were located 
in the right posterior inferior cerebellar artery (PICA) 
territory and could (initially) not be explained by a left 
VA dissection. Furthermore, neither trauma nor neck 
pain or coughing/sneezing were reported by the patient. 
Yet, MRI studies revealed disseminated ischemic strokes 
within the right PICA, left superior cerebellar artery, 
and basilar artery territories confirming the diagnosis 
of stroke as cause for the symptoms.

Extracranial and intracranial duplex ultrasound revealed 
neither any hemodynamically relevant stenoses of any 
vessel nor any plaques, solely an increased blood flow 
velocity could be seen in the left middle cerebral artery. 
Duplex sonography did not show any thrombosis on the 
leg or pelvic veins.

Furthermore, transthoracic echocardiography and 
transesophageal echocardiography (TEE) showed a 
hypermobile atrial septum and a mid‑sized PFO with 

Figure 1: Timeline of events (left) and antiplatelet/antithrombotic medication (right). 
AP: Antiplatelet therapy, BA: Basilar artery, OAC: Oral anticoagulation, PFO: Patent 
foramen ovale, PICA: Posterior inferior cerebellar artery, SCA: Superior cerebellar 
artery, TIA: Transient‑ischemic attack, TEE: Transesophageal echocardiography

Figure 2: Images of the first presentation. The left side shows the CT with a 
slightly irregular left VA. The right image shows the corresponding MRI. Though 

a dissection could not be completely excluded, the possibility was discarded as it 
seemingly did not fit the lesion pattern
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contrast agent passage during Valsalva maneuver. 
Monitor observation for 72 h revealed arterial 
hypertension and laboratory parameters (including 
autoimmune serology and extended coagulation 
laboratory) showed hyperlipidemia and increased 
activity of factors II and V. Overall, several of those 
abnormalities can be risk factors for stroke. The patient 
did not fulfill any clinical criteria for Fabry disease. 
The PFO was thought to be causal for the ischemic 
stroke. Based on a high RoPE score of 6 and the ESUS 
criteria,[10] PFO closure using an AmplatzerTM Atrial 
Septal Occluder (ASO; Abbott, Illinois, U. S. A.) was 
performed and its success verified by follow‑up TEE. 
Consecutively, dual platelet aggregation with aspirin 
100 mg and clopidogrel 75 mg daily was initiated 
for 3 months. Platelet activation assay ruled out 
nonresponsiveness to aspirin and clopidogrel treatment.

Despite successful PFO closure that was confirmed 
twice by TEE, several other transient‑ischemic 
attacks (TIAs) occurred after switching the dual 
antiplatelet treatment to monotherapy with aspirin. 
Symptoms included visual impairment, tinnitus, 
vertigo, and sensory deficits. Almost 1 year after PFO 
closure, another ischemic stroke in the right PICA 
territory occurred and dual platelet aggregation 
was re‑initiated. Again, control of the PFO via TEE 
confirmed successful closure. Several further ischemic 
events and TIAs, despite dual anti‑AP, occurred again 
in the vertebrobasilar territory during the following 
months – mainly at nighttime or in the early morning. 
Symptoms included double vision, gait disturbances, 
and transient paresis on the right side. For this, the 
patient presented at our neurovascular clinics for 
further diagnostics and reevaluation.

Here, a massive bubble shower in bubble transcranial 
Doppler (TCD) after intravenous injection of agitated 
blood‑saline mixture was detected, suggestive of a 
persistent right‑to‑left shunt [Figure 3d]. Yet, neither 
TEE nor right‑heart catheter revealed any cardiac 
abnormalities other than the closed PFO. In order 
to change the therapeutic regimen and according 
to the COMPASS trial,[15,16] dual platelet inhibition 
was switched to an off‑label combined therapy of 
aspirin (100 mg/d) and rivaroxaban (2 × 2.5 mg/d) 
to additionally cover the plasmatic coagulation. 
However, even under the combined antiplatelet 
and antithrombotic therapy, another stroke in the 
thalamus, left mesencephalon, and both sides of the 
cerebellum occurred [Figure 3b]. Symptoms were severe 
dysarthria, diplopia, hemiparesis right, and hemiataxia 
right (NIHSS at presentation: 4). Again, this stroke 
occurred at nighttime/in a wake‑up situation. Finally, 
MR angiography revealed a distal occlusion of the left 
VA. This finding led to the diagnosis of an embolic 

pseudoaneurysm (a pseudoaneurysm being the reason 
for embolic events), probably based on a previous 
dissection, in the V3 segment of the left VA [Figure 3c]. 
In the presence of a dominant right VA, the left VA 
was occluded therapeutically with coils in crossover 
technique (access with microcatheter via right VA due 
to a present embolus) with successful stasis in the left 
V2 segment. Spontaneous recanalization occurred a 
couple of days later and another coil occlusion with 
addition of a vascular plug (Amplatzer vascular plug 
6 mm) had to be performed to protect the patient from 
further embolic events. Images of these interventions 
are shown in Figure 4.

CT angiography finally showed an anatomical variant 
with a dominant right anterior inferior cerebellar 
artery (AICA) supplying most of the right PICA 
territory (AICA‑PICA) and a hypoplastic PICA from 
the right V4 segment [Figure 3a]. This finding explained 
the seemingly contradiction of the lesion pattern with 
defects in the right PICA territory due to the pathology 
being in the left VA [Figure 3a]. The patient was 
dismissed with an NIHSS of 2 and a modified Rankin 
Scale of 2. After neurorehabilitation and upon 1 year 
follow‑up under aspirin 100 mg daily, the patient 
showed no neurological deficits apart from a left skew 
deviation undistinguishable from facial asymmetry.

Figure 3: Right vertebral artery with dominant right anterior inferior cerebellar 
artery: upper left/blue arrow (a), cerebellar, right‑sided ischemias: upper middle, 

orange arrows (b), left vertebral artery with dissection and thrombus: Upper 
right (c), bubble transcranial Doppler with right‑to‑left shunt: lower image (d)

d

cba



Wilfling, et al.: Recurrent vertebrobasilar strokes and TIAs despite PFO closure – A case report

Brain Circulation ‑ Volume 8, Issue 1, January‑March 2022 53

Discussion

Delayed embolic stroke from VA dissections and residual 
pseudoaneurysms are rare entities and in combination 
with variations of the cerebellar blood supply, they pose 
a diagnostic challenge. The restriction of the embolic 
pattern to the vertebrobasilar system and anatomical 
variants should be considered before initiating PFO 
closure, which, in our case, detracted from the final 
diagnosis of an embolic dissection pseudoaneurysm and 
thereby delayed the therapeutic intervention.

VA dissections occur in less than 1 in 100,000 people.[17] 
When only considering spontaneous dissections, they even 
represent the majority of cerebral artery dissections.[18] 
They can lead to dissection pseudoaneurysms of which 
about one‑quarter is located in the VA with about 45% 
of those being located in the V2 segment followed by 
about 28% in the V3 segment.[19] Clinically, such patients 
are usually asymptomatic or suffer ischemic events 
like stroke or TIAs, while intracranial bleeding due to 
distal and intradural vertebral dissection is a rare but 
life‑threatening event.[20]

By contrast, variations within the vertebrobasilar 
system, especially the AICA and PICA, are very 
common‑hypoplastic PICAs with a dominant AICA are 
described in 15.6%–22.1% of all individuals (AICA‑PICA 
cases/isolated agenesis[21‑23]).

Data on the frequency of delayed (>30 days) embolization 
from pseudoaneurysms and residual stenosis are rare. 
Nally et al. and other groups reported an extremely 
low incidence of stroke in patients with (traumatic) 
VA dissection, rendering follow‑up investigations 
unnecessary.[24,25] However, few case reports – including 
recently from our group – describe late stroke even 
months to years after the initial event.[26‑28]

Common methods for the treatment of symptomatic 
pseudoaneurysms in the VA include minimally invasive 

endovascular techniques as (balloon‑assisted) coil 
embolization/parent vessel occlusion or flow‑diverting 
stents with low complication rates.[18,29‑33] However, case 
reports of affected patients, especially with aneurysms 
within the V2/V3 segment, mainly used flow diverters for 
treatment.[34‑38] Therapeutic vessel occlusion of the affected 
VA is a less common approach[39‑41] but shows a favorable 
outcome overall comparable to that of endovascular 
treatment with parent vessel preservation (63%–70%).[18] 
Data on the prevalence of recurrent ischemic events after 
VA dissection are sparse – overall, recurrent events are 
rare and occur with a frequency of <5%.[25,42,43]

In the case of our patient, we decided to occlude the left, 
affected VA as the right VA showed to be the dominant 
one with good perfusion.

In general, controlled trials on the short‑ and long‑term 
outcome of medical versus any interventional treatment 
in dissection pseudoaneurysm appear warranted.

A right‑to‑left shunt after successful PFO closure was 
seen in bubble TCD, but neither in TEE nor in right heart 
catheterization. Various studies revealed a considerable 
percentage of patients being positive on bubble TCD 
and negative on echocardiography, for example, 10 
out of 30 patients with residual shunt as reported by 
Droste et al.[44] or 63 out of 207 patients in an analysis by 
Goutman et al.[45] This is often attributed to the superior 
Valsalva maneuver. Gevorgyan Fleming et al. showed 
a PFO closure rate with different devices of about 
85%–100% after intervention.[46] Our patient received an 
Amplatzer ASO ranging at a closure rate of 88%–97%.[46,47] 
Secondary causes for a residual right‑to‑left shunt are 
not uncommon (e.g., 17 out of 84 analyzed cases as 
reported by Jesurum et al.[48]) and might be attributed 
to noncardiac causes such as pulmonary arteriovenous 
fistulas.[49] Another analysis even showed that in 39 out of 
322 patients, a residual right‑to‑left shunt could be seen, 
but in one‑third of these patients (13/39), no residual 
passage could be crossed – which is about one‑third of 

Figure 4: Images of the two interventions in the patient– from left to right: (1) periinterventional image of coiling of left VA in crossover technique via the right VA with a 
microcatheter; (2) state after first coiling, preinterventional image before second intervention necessary because of revascularization; (3) periinterventional image of additional 

coiling during second intervention; (4) postinterventional image after second intervention with additional coils and vascular plug



Wilfling, et al.: Recurrent vertebrobasilar strokes and TIAs despite PFO closure – A case report

54 Brain Circulation ‑ Volume 8, Issue 1, January‑March 2022

all patients with a residual right‑to‑left shunt after PFO 
closure that is not attributable to any cardiac cause and 
thus does not necessarily represent a significant risk for 
recurrent ischemic events.[50]

Conclusions

Anatomical variants in the vertebrobasilar territory, 
especially regarding the AICA/PICA balance, often 
cause diagnostic difficulties. In the case of our patient, 
this resulted in a rejection of the primary hypothesis 
of a vertebral dissection as etiology. As a conclusion, 
variants and pathologies within the vertebrobasilar 
vessels should be considered as possible causes when 
searching for the etiology of strokes, especially when 
they occur recurrently and in the same territory.

Recurrent embolizations from dissecting aneurysms 
are very rare under sufficient platelet inhibition or 
novel antithrombotic/antiplatelet regimens such as 
COMPASS. The accumulation of embolization at 
nighttime or in wake‑up situations strongly suggests 
compression effects during sleep.

The finding of a PFO should not lead to the assumption 
that this PFO is automatically associated with or even 
the source of stroke. With a frequency of 20%–25%, 
PFOs are a frequent finding in the general population. 
Hence, it may be an incidental finding also in younger 
stroke patients and thorough workup by CT and CT 
angiography as well as ultrasound is crucial before 
performing intervention.

PFO closure in young patients should only be performed 
after exclusion of other etiologies of stroke. Even in 
patients with a high RoPE score, the indication should be 
placed very strictly and not solely be based upon the ESUS 
criteria that were primarily designed for embolic sources 
amendable for anticoagulation. Furthermore, many PFOs 
are incidental findings which results in a high number 
needed to treat. PFO closure might be associated with 
severe long‑term complications such as atrial fibrillation 
which may – especially in young patients – lead to further 
strokes in the future.[12,51] In addition, intervention always 
bears a baseline risk of severe adverse events (among 
other periprocedural strokes, impaired wound healing, 
and vessel injuries).[51] Thus, further criteria need to be 
assessed complementary to the ESUS criteria (e.g., RoPE 
score, but also extensive diagnostics to exclude alternative 
etiologies) to filter for those patients having the most 
benefit from a potential PFO closure.

In the case of our patient, it seems possible that the 
presence of other multiple risk factors might have 
contributed to the formation of embolisms in addition 
to the causal dissecting aneurysm. This may at least 

partly explain the recurrence of TIAs even under 
aggressive medical treatment. Last but not least, the 
right‑to‑left shunt shown by bubble TCD despite 
previous PFO closure should encourage neurologists 
to perform controls, i.e., using bubble TCD of such 
patients – independent from cardiac interventionalists.

This case report highlights the necessity for a thorough 
diagnostic workup, especially prior to PFO intervention 
to confirm the cryptogenic etiology of embolic stroke. 
Overall, ischemic stroke is a multifactorial disease with 
complex mechanisms. It is not uncommon that patients 
have many concurrent or coincidental (low) risk factors 
such as PFO, and this possibility should always be kept 
in mind during the diagnostic workup.

A limitation of this case report is the fact that only a 
single patient is described. Ideally, even if seemingly 
not fitting the side of the ischemia, a fat‑saturated MRI 
that includes the suspected dissection site should have 
been performed earlier.
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