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Spontaneous calcified cerebral emboli (SCCE) secondary to aortic valve 
calcification are a rare and underreported cause of acute ischaemic stroke. 
Only five cases of SCCE secondary to bicuspid aortic valve calcification have 
been reported in the literature. This review includes a unique case example 
of acute ischaemic stroke secondary to SCCE, as the first manifestation of a 
calcified bicuspid aortic valve. This is the first clinical case of calcified cerebral 
emboli (CCE) associated with borderzone infarction (‘cortical ribbon sign’). 
Whilst previously assumed that most CCE are secondary to iatrogenic causes, 
recent literature suggests the majority of CCE are spontaneous and clinically 
silent. Despite CT imaging widely considered the ‘gold standard’ for diagnosis, 
CCE are frequently misdiagnosed and missed entirely. Misdiagnosis of CCE 
may have catastrophic consequences due to the high risk of recurrence and 
missed opportunity to prevent neurological disability and death. This review 
presents a revised CCE diagnostic criteria, using evidence that has emerged 
over the last decade to create both Compulsory (Major) and Supporting (Minor) 
criteria. Current CCE management is not evidence based and remains largely 
speculative. SCCE may be the first manifestation of cardiac or vascular disease 
and diagnosis should trigger aggressive treatment of emboligenic sources. 
Future epidemiological studies, analysing symptomatic and asymptomatic SCCE 
patients, would be  beneficial in providing accurate quantification of disease 
burden. Other future research directions include exploring intracranial stenting 
for CCE revascularisation and cerebral intravascular lithotripsy.
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1 Introduction

Spontaneous calcified cerebral emboli (SCCE) are underreported and often remain 
clinically silent (1). The incidence of calcified cerebral emboli (CCE) has been demonstrated 
between 2.7%–5.9% of all acute ischaemic stroke (AIS) presentations, suggesting CCE is far 
more common than previously assumed (2, 3). Whilst initial studies speculated that CCE were 
mainly iatrogenic (4), more recent literature has revealed that the majority of CCE are 
associated with spontaneous cerebral infarction (5, 6). Aortic valve calcification (AVC) is the 
most common emboligenic source (2). Despite CCE distinct appearance, 27% are 
misdiagnosed and 9% are missed entirely. Misdiagnosis of CCE may have catastrophic 
consequences due to the high risk of recurrence (43%) (2). Unsurprisingly, patients with SCCE 
experience worse clinical outcomes and higher mortality rates (7, 8). This review presents a 
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revised CCE diagnostic criteria using evidence that has emerged over 
the last decade. Management of SCCE is not evidence based, with data 
limited to mainly case series level evidence.

This review presents a unique case of AIS secondary to SCCE, as 
a first manifestation of a calcified bicuspid aortic valve (BAV) in a 
54 year-old man. Computed Tomography (CT) imaging demonstrated 
a 6 mm CCE in the left M1 segment of middle cerebral artery (MCA). 
On magnetic resonance imaging (MRI), this corresponded with left 
hemispheric ‘cortical ribbon sign’, due to borderzone infarction and is 
the first case of CCE associated with borderzone infarction. The 
patient underwent aortic valve replacement (AVR) and was medically 
managed with aspirin. Over the next 3 months, the patient made good 
recovery, with minor persisting neurological deficits.

2 Case example

A 54 year-old man was found collapsed on the floor at home, last 
seen well 24 h previously. Prior to this event he was fully independent. 
His medical history included epilepsy, dyslipidaemia, bipolar affective 
disorder, anxiety, depression and previous intravenous drug use. His 
usual medications were carbamazepine 400 mg BD, quetiapine XR 
2,000 mg daily, atomoxetine 100 mg daily, escitalopram 10 mg daily, 
levetiracetam 500 mg BD, rosuvastatin 10 mg daily and buprenorphine/
naloxone 32/8 mg daily. There was no past history of atrial fibrillation, 
rheumatic heart disease or endocarditis. There was no family history 
of cardiovascular disease. In the emergency department, his National 
Institutes of Health Stroke Scale (NIHSS) was 10 for dysphasia, right 
facial upper motor neuron deficit and right side hemiparesis; with 
fluctuating neurological deficits. Examination revealed an ejection 
systolic murmur. There were no clinical stigmata of 
infective endocarditis.

Extensive haematological investigations including blood count, 
electrolytes, lipid profile, antiphospholipid syndrome antibody screen 
and serology studies yielded no significant results. CT brain 
non-contrast and perfusion demonstrated a 6 mm oval shaped CCE 
in the M1 segment of left MCA (Figures 1A–C). Diffusion-weighted 
MRI demonstrated borderzone infarction, with left hemispheric 
cortical hyperintensity (‘cortical ribbon sign’) and corresponding 
hypointensity on the apparent diffusion coefficient images 
(Figures  1D,E). This is the first case of CCE which has revealed 
‘cortical ribbon sign’. Transoesophageal echocardiogram revealed 
bicuspid aortic valves (type I, RCC/LCC subtype) with a large 
vegetation, moderate aortic regurgitation, moderate-to-severe aortic 
stenosis and no patent foramen ovale. CT chest demonstrated aortic 
valve densities/calcifications, in keeping with vegetations (Figure 1F). 
CT angiogram demonstrated no evidence of flow-limiting stenosis, 
occlusion or calcification in the anterior and posterior circulation in 
the neck. Microbial investigations for infective endocarditis were all 
consistently negative.

In this current case, the CCE source was calcified BAV. The source 
of calcification was thought to be secondary to a combination of a 
factors including the bicuspid aortic valve, dyslipidaemia and previous 
history of intravenous drug use. Subsequently, the patient was treated 
for culture-negative endocarditis and underwent AVR, where a large 
ulcerated calcific lesion was noted on the leaflets (Figure  1G). 
Histopathological evaluation of this lesion revealed dystrophic 
calcification, fibrosis, patchy oedema and chronic inflammation. 

Treatment involved an initial one-off aspirin dose of 300 mg, then 
regular 100 mg daily. Over the next 5 months, the patient made good 
recovery with persisting mild neurological deficits.

3 Discussion

3.1 Prevalence and aetiology of 
spontaneous calcified cerebral emboli

SCCE are an underreported cause of AIS and often asymptomatic 
(1). Studies have reported incidences between 2.7–5.9% of all AIS, 
suggesting SCCE is more common than previously assumed (2, 3). 
Early reports speculated that CCE were mainly iatrogenic/
non-spontaneous, secondary to manual dislodgement from valve 
surgery, left heart catheterisation or atheromatous aortic and carotid 
artery manipulation (4). More recent studies demonstrate that the 
majority of CCE are associated with spontaneous cerebral infarction 
(2, 5, 6). Statistical analysis of 70 CCE cases, revealed 86% occurred 
spontaneously, whilst only 14% of cases were iatrogenic (2).

Emboligenic sources of SCCE include calcified aortic and mitral 
valves (9–11), as well as atheromatous plaques in the arch of the aorta 
(12), carotid and vertebral arteries (12–14) and brachiocephalic trunk 
(15). Of these, AVC has been reported as the most common (2). 
Frequently, the origin of SCCE are difficult to establish. One 
retrospective multicentre study of 40 CCE patients, reported an 
unknown embolisation source in 37.5% of cases (7). Similarly, 
Mosqueira and colleagues could not identify SCCE sources in 33.3% 
of patients (5). Only 30 cases of SCCE secondary to AVC have been 
published in the literature (Supplementary Table 1).

3.2 Aortic valve calcification and 
spontaneous calcified cerebral emboli

Aortic valve sclerosis (thickening and calcification) is common, 
being detected in 26% of individuals ≥ 65 years old (16). This 
prevalence increases with age, as aortic valve sclerosis is present in 
48% of those ≥85 years old (17). BAV is the most common congenital 
heart disease and accelerates development of AVC (18). This is due to 
abnormal bicuspid valve geometry, that predisposes to degenerative 
calcification and increases the risk of calcific dislodgement (19, 20). 
On retrospective analysis, BAV patients with cerebral or retinal 
infarctions had lower CHA2DS2-VASc scores and less traditional risk 
factors, when compared to patients with tricuspid aortic valves (19). 
Thunstedt and colleagues suggest that in SCCE patients with an 
absence of cerebral macroangiopathy or cardiovascular disease risk, 
one should consider BAV as an embolic source, especially in young 
patients (9). Amongst the 30 cases of SCCE secondary to AVC 
available in the literature, 5 associated with BAV were identified 
(Supplementary Table 1).

Autopsy case series have reported an association between AVC 
and spontaneous calcific emboli. Holley and colleagues examined 165 
autopsy patients with AVC and found 22% (37 cases) had evidence of 
spontaneous calcific embolisation (1). Of the 45 emboli identified in 
37 patients, common sites included the coronary, retinal and renal 
arteries. Of note, only 1 patient had a CCE and only 4/45 emboli 
presented with clinical symptoms of infarction (1 renal, 3 coronary). 
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A further autopsy series also reported 28 cases of systemic calcific 
emboli in 81 patients with AVC, but only one-fifth occurred 
spontaneously (21). This imbalance between the rare occurrence of 
clinically symptomatic CCE and frequent CCE identification in 
asymptomatic individuals on autopsy studies, has several implications 
(22, 23). Firstly, it suggests the majority of CCE could be too small for 

radiological diagnosis and may be  overlooked or misdiagnosed. 
Secondly, ischaemic events caused by CCE may be very subtle and 
mistakenly attributed to associated causes such as poor cerebral 
perfusion or cerebral small vessel disease. Thirdly, only the 
symptomatic minority of CCE patients receive treatment, as the 
overwhelming asymptomatic majority remain unnoticed. Despite 

FIGURE 1

Images demonstrating a calcified cerebral embolism in the M1 segment of left MCA, left hemispheric cerebral cortex diffusion restriction and nodular 
calcification of bicuspid aortic valve leaflets. (A) Axial view of unenhanced CT brain with red arrow marking a calcified focus measuring 6  mm in the 
vicinity of proximal left MCA. (B) Axial view of CT brain angiogram with red arrow marking a calcified focus involving the proximal M1 segment of left 
MCA. (C) 3D reconstruction of CT brain angiogram with red arrow marking a filling defect involving the M1 segment of left MCA, corresponding with 
site of calcific cerebral embolism. (D) MRI brain diffusion-weighted images in axial view demonstrating left hemispheric cortical hyperintensity or 
‘Cortical Ribbon Sign’. (E) Corresponding MRI brain apparent diffusion coefficient images in axial view demonstrating left hemispheric cortical 
hypointensity. (F) CT pulmonary angiogram in coronal view with red arrow marking multiple densities/calcifications over the bicuspid aortic valve. 
(G) Macroscopic photo taken intra-operatively with red arrow marking normal bicuspid aortic valve and black arrow marking dystrophic calcification 
over bicuspid aortic valve.
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autopsy studies demonstrating an associated between AVC and 
spontaneous calcific emboli, this relationship has not been identified 
in non-CCE patients. One study prospectively investigating 402 
consecutive patients with non-CCE cardioembolic stroke, only 
identified one patient with calcified aortic stenosis (24).

3.3 Diagnostic methods of calcified 
cerebral emboli

Unenhanced CT and CT angiography are imaging modalities of 
choice in visualising CCE and appear as small oval shaped hyperdense 
lesions, that lie within cerebral arterial tract vasculature. Case reports 
thus far have revealed two main CCE distribution patterns. The first 
distribution pattern is far more common, involving 1–2 focal CCE 
located centrally within major intracranial arteries such as the 
MCA. The second pattern, initially referred to as the ‘salted pretzel 
sign’, includes many small CCE located in the pial arteries, resulting 
from a ‘calcified shower’ (13). Amongst the 30 published cases of 
SCCE secondary to AVC, only 3 cases were associated with >2 CCE 
(Supplementary Table 1). MRI is less useful and proves difficult when 
identifying CCE, but is essential in determining extent of ischaemia. 
Echocardiogram plays a crucial role investigating the origins of CCE, 
through revealing aortic valve morphology (tricuspid vs. BAV) and 
presence of AVC (25).

Despite CT widely regarded as the ‘gold standard’ for CCE 
identification, they are frequently misdiagnosed or ignored. One study 
revealed 27% of CCE on initial unenhanced CT brain interpretation 
were misdiagnosed and as much as 9% were missed entirely (2). In 
this study, included cases of CCE were assumed to be  a gross 
underestimation of real disease prevalence, as cases were identified on 
the basis of search terms alone, rather than by visually reviewing 
thousands of CT scans. When using CT angiogram, several studies 
note the ‘false patency sign’ as one of the common pitfalls for CCE 
identification (26–28). This results from the isodense appearance of 
CCE with respect to iodine contrast, simulating vessel patency. To 
avoid this pseudopatency phenomenon, Nouh et  al. (28) suggest 
consideration of low dose CT angiography when clinical suspicion of 
CCE remains high, despite false patency sign. More broadly, to 
overcome the diagnostic challenge of CCE, clinicians/radiologists 
require greater education and awareness of common radiological 
features associated with CCE.

When comparing CCE to ‘regular’ non-calcified emboli, CCE 
have more round/ovoid shapes and are more attenuated with an 
average Hounsfield units (HU) of 160, compared to the 50–70 HU of 
regular emboli (2). A 35 patient analysis reported an average CCE 
density of 428 HU, with the lowest being 89 HU (6). Whilst no 
consensus definition of CCE density thresholds has been established, 
several studies have used thresholds of >70 HU (2, 6), >90 HU (8) 
and >130 HU (7) as inclusion criteria for CCE diagnosis. Features of 
intracranial atheromatous stenosis that can be differentiated from 
CCE, include the eccentric shape, position not in the vessel lumen and 
location rarely distal to the internal carotid artery terminus (6). 
Cerebral vessel calcifications are more commonly tubular/linear in 
shape, contrasting the round/ovoid appearance of CCE (8). Other 
CCE mimics to rule out include hyperdense artery sign, small 
haemorrhage, sequelae from past infections, normal calcified 
structures such as the choroid plexus, calcified granulomas or 

cavernomas and neurocysticercosis (10). The MCA has consistently 
been demonstrated to be  the most common location of CCE and 
localisation may be  another assisting factor in supporting CCE 
diagnosis (2, 5–7). Out of 30 cases of SCCE secondary to AVC 
identified in this review, the MCA was involved in the overwhelming 
majority (Supplementary Table 1).

3.4 Diagnostic criteria of calcified cerebral 
emboli

CCE misdiagnosis may have catastrophic consequences, due to 
the high risk of recurrence and missed opportunity to prevent future 
embolisation, neurological disability and death. The recurrence rate 
of embolic infarction in CCE patients is 43% and significantly more 
common than conventional thromboembolism (2). Unsurprisingly, 
patients with AIS secondary to CCE experience worse clinical 
outcomes and higher mortality rates (7, 8). There are no guidelines to 
assist clinicians/radiologists in diagnosing SCCE from different 
emboligenic sources. The only SCCE diagnostic criteria within the 
literature, has been suggested by Khetarpal et  al. (25), and solely 
focuses on calcified aortic valve stenosis as the origin of embolisation.

Using evidence that has emerged over the last decade, this review 
presents a revised CCE diagnostic criteria incorporating both 
Compulsory (Major) and Supportive (Minor) criteria (Table 1). To 
facilitate greater diagnosis of asymptomatic SCCE, which are thought 
to be  responsible for the overwhelming majority, as part of the 
Compulsory criteria, CCE are required to be  located in clinically 
relevant areas for symptomatic patients only. Furthermore, the 
Supportive criteria takes into account various emboligenic sources of 
CCE and predispositions to AVC such as BAV. Other components of 
the Supportive criteria are clinical/radiological features which favour 
the diagnosis of CCE, such as previous CCE, localisation to the MCA 
and presence of chronic kidney disease (CKD). Comorbidities such as 
CKD are associated with development of valvular/vascular 
calcification (29), and several reports have demonstrated the presence 
of CCE in CKD patients (10, 30–33).

3.5 Management of calcified cerebral 
emboli

Management of CCE can be separated into hyperacute stroke 
treatment and secondary prevention. Hyperacute treatment involves 
tissue plasminogen activator (tPA) and/or endovascular 
thrombectomy (ET). Outcomes from tPA are conflicting, with positive 
(2, 12) and negative (34, 35) results in the literature. The general 
consensus is that tPA is less effective in CCE patients, as the fibrin-
degrading properties have little effect on calcium and cholesterol 
content (5, 8). Studies suggest a potential benefit from tPA, involving 
dissolution of fibrin-rich thrombus surrounding CCE, potentially 
making it more favourable to ET (7, 8). The first case of successful ET 
recanalisation in AIS secondary to CCE, was reported in 2016 (36). 
Despite technical success, the clinical outcome was disappointing with 
an unchanged NIHSS of 15 and post-procedure imaging 
demonstrating established infarction. From an endovascular treatment 
perspective, CCE pose a technical challenge, due to unique 
biomechanical properties increasing retrieval difficulty and vascular 
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injury (37). Compared to non-CCE patients, CCE patients undergoing 
ET had significantly longer procedure times (58 vs. 75 min, 
respectively) and increased complications, including intracranial 
haemorrhage, thought to be secondary to greater technical difficulty 
and applied traction for CCE removal (8).

One of the first case series investigating ET safety and efficacy in 
CCE patients, demonstrated 0% reperfusion rate using a thrombo-
aspiration technique (38). A few years later, Bruggeman et  al. (8) 
contrastingly reported successful reperfusion in 44% of CCE patients 
with functional independence in 29%. In this study, ET included stent 
retrieval, thrombo-aspiration or a combination of both techniques. 
Reperfusion rates and functional outcomes were comparable between 
CCE patients who received tPA prior to ET and those who did not, 
supporting the notion that tPA has relatively low efficacy for CCE (8). 
Grand et al. (6) recently validated these results, performing the first 
systematic review and meta-analysis investigating ET effectiveness in 
CCE large vessel occlusion. This retrospective multicentric national 
analysis identified 35 patients, where 57% obtained successful 
reperfusion and 28% achieved good clinical outcome (Modified 
Rankin scale ≤2). These findings were included in individual patient-
based meta-analysis to reach 136 CCE cases treated with ET, where 
reperfusion rates and good clinical outcomes were 50 and 29%, 
respectively (6).

Rigorous methodological assessment of all emboligenic sources 
such as the aortic/mitral valves, arch of the aorta, brachiocephalic 
trunk and carotid and vertebral arteries, will guide secondary CCE 
prevention. Early reports of CCE secondary to AVC, initially 
recommended medical management with antiplatelet therapy (25, 39). 
One case study, identified CCE secondary to a mobile string-like 
thrombus attached to AVC (39). Interestingly, the thrombus gradually 
regressed and disappeared after commencement of antiplatelet therapy 
and upon discontinuation, the string-like thrombus was again noted. 
The benefit of AVR in the context of CCE has not yet been investigated 
and currently there is no conclusive evidence to support replacement. 
Given the high frequency of CCE recurrence (2), the current 

consensus amongst many authors supports AVR as ‘prophylactic 
source control’ in removing emboligenic origins to prevent further 
CCE (9, 20, 22, 40–42). No documented cases exist in the literature of 
CCE recurrence following AVR. Oliveira-Filho et al. (42) describe 
calcific emboli recurrence in a patient with CCE secondary to a 
calcified BAV, where warfarin therapy was initially pursued instead of 
AVR. The patient subsequently underwent AVR and remained stroke 
free on 2-year follow up. Xu et al. (43) highlights that calcified BAV as 
an embolic source, probably exceeds medical management and 
surgery should be considered in AVC patients with cerebrovascular 
events and absence of other embolic sources. Ultimately, the decision 
for patients to undergo AVR for ‘prophylactic source control’ in the 
context of CCE secondary to AVC is complex. Consideration should 
be made to the high CCE recurrence rate vs. surgical risks of AVR and 
prosthetic valve morbidity.

3.6 Future directions

Additional clinical data including large case series and controlled 
trials are needed when determining the best hyperacute 
revascularisation approach and secondary prevention strategies for 
CCE patients. Small sample sizes remain a significant limitation in the 
evidence for CCE management, preventing sufficient power for 
analysis to create recommendations for first-line treatment options. In 
the absence of evidence based therapy and clear treatment guidelines, 
clinicians are left to speculate on the most appropriate management 
pathway for CCE patients. Further epidemiological studies examining 
the incidence of SCCE in both symptomatic and asymptomatic 
patients with AVC, would be of great benefit. Given the literature 
suggests that clinically silent CCE are in-fact the majority (1), these 
epidemiological studies would provide more accurate quantification 
of true CCE disease burden. Greater awareness and diagnosis of 
spontaneous asymptomatic CCE will facilitate earlier implementation 
of secondary prevention, prior to CCE recurrence. This will also allow 
analysis of asymptomatic patients with CCE secondary to AVC, a 
unique sub-population with little-to-no current data in the literature, 
to determine efficacy of secondary prevention strategies such as 
prophylactic AVR.

Other future research directions include the possibility of 
intracranial stenting for CCE revascularisation and cerebral 
intravascular lithotripsy (IVL). Potts et  al. (44) reported 2 cases 
where intracranial stenting was successfully used in CCE patients 
with AIS after ET failed. Despite restoring good flow following stent 
deployment, the role of intracranial stenting for CCE 
revascularisation remains unclear. Additional evidence is required 
before comparisons can be made with ET, given the risks of vessel 
injury and rupture. Additionally, IVL being a novel technique 
adapted from nephrolithiasis therapy, is regarded as a breakthrough 
in calcified carotid artery stenosis treatment and could possibly 
be explored in CCE management. IVL uses pulsatile sonic pressure 
waves to disrupt and fracture arterial wall calcification, without 
harming normal surrounding tissue (45). Given the irregular, stiff 
and sharp-edged nature of CCE that impair adhesion to traditional 
ET techniques, IVL using a peripheral lithotripsy catheter may 
potentially alter CCE shape to be more favourable for ET. When 
considering the frequently documented technical difficulties of ET 

TABLE 1 Diagnostic criteria for spontaneous calcified cerebral emboli.

Compulsory (Major) criteria

 •  A small circular/oval lesion that is hyperdense (>70 HU) on unenhanced CT 

and localises to the corresponding cerebral arterial tract vasculature within the 

cerebral parenchyma

AND

 •  For symptomatic CCE only, the hyperdense lesion is located in a clinically 

relevant area

AND

 •  Absence of recent procedures such as cardiac catheterisation, calcified aortic/

mitral valve replacement or carotid manipulation

Supportive (Minor) criteria

 •  Embolic source present such as carotid/aorta atherosclerosis, aortic/mitral 

valve calcification

 • Presence of BAV if no embolic source is found

 • Previous CCE

 • CCE localised to MCA

 • Chronic kidney disease

HU, Hounsfield unit; CT, Computed tomography; CCE, Calcified cerebral emboli; BAV, 
bicuspid aortic valve; MCA, middle cerebral artery.
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in CCE patients (2, 8), exploring IVL as an adjunct therapy may 
improve ET reperfusion rates but more research is needed to better 
define its role.

Other future research directions include exploring the relationship 
between the location of vascular cerebral topography and neurological 
symptom severity in patients with SCCE. For AIS secondary to 
non-CCE, this relationship has already been established, where 
patients with anterior cerebral artery infarction have a favourable 
short term prognosis and show a unique clinical profile. Defining such 
a relationship in SCCE patients would be of value however requires 
additional clinical data (46). A significant limitation of this current 
study includes the restricted number of SCCE clinical cases published 
in the literature. In the future, this may be ameliorated with greater 
awareness of SCCE and increased publication of clinical data.

4 Conclusion

SCCE is an underreported cause of AIS and more common than 
previously assumed. Recent literature suggests the majority of CCE are 
spontaneous and clinically silent. CCE are frequently misdiagnosed 
or missed entirely. This review presents a revised CCE diagnostic 
criteria, using evidence that has emerged over the last decade. Current 
CCE management is not evidence based and remains largely 
speculative. Future studies analysing SCCE incidence in symptomatic 
and asymptomatic patients would be beneficial in quantifying CCE 
disease burden.
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