
Cerebral congophilic or amyloid angiopathy (CAA) is a

clinicopathologic entity that has been recognised since the 

early part of the 20th century.1 It is now considered a common 

cause of primary non-traumatic brain hemorrhage and 

traditionally it was described in elderly patients who were 

thought to be normotensive. Because of its frequent association 

with Alzheimer’s disease (AD), CAA has become a primary focus of

scientific inquiry. The spectrum of intracerebral hemorrhage (ICH) 

that may occur in CAA includes: cerebral lobar hemorrhage in 

which several lobes on both sides of the brain may be involved 

over time; on rare occasions, hemorrhage in deep brain central 

grey nuclei, the corpus callosum and cerebellum, locations more

typically involved when there is hypertensive ICH; the rare purely

subarachnoid and subdural hemorrhages, as meningeal vessels 

may be heavily involved by CAA; and miliary and petechial or cerebral

microbleeds.1,2 In addition, there may be scattered associated

microinfarcts, an inflammatory type of CAA, leukoencephalopathy,

AD-associated changes of the brain and superficial siderosis (SS).3

In this brief article we provide an update on advances in our

understanding of CAA-associated ICH. We will focus on the following

topics: neuropathology and mechanism of CAA-related hemorrhage;

epidemiology, including genetic and other possible risk factors; 

clinical presentation; diagnosis, including newer imaging modalities;

and prospects for prevention and treatment.

Neuropathology and Mechanism of Cerebral
Amyloid Angiopathy-associated 
Brain Hemorrhage
Amyloid-β (AB) deposition in the vascular media and adventitia

provides a critical link whereby ICH may occur. AB is generated by

proteolytic cleavage of the amyloid precursor proteins β-secretase 

and γ-secretase to yield a family of AB peptides with 40- and 42-amino

acid species (AB40 and AB42, respectively).4 These peptides may

undergo degradation by other proteolytic enzymes (e.g., neprilysin,

insulin-degrading enzyme), remain in solution and enter the plasma 

or efflux across the blood–brain barrier, or polymerise to form soluble

oligomers or insoluble amyloid fibrils as senile plaques in the brain

parenchyma or as deposition in the vascular media and adventitia, 

as occurs in CAA. AB deposition occurs in the vascular media and

adventitia of small arteries of the leptomeninges and cerebral cortex,

with heavy involvement of the occipital regions, whereas white-matter

brain vessels are much less frequently affected.4 The predominant 

AB species in CAA is the relatively more soluble AB40. AB is thought 

to be generated by neurons and possibly in the liver. Microscopically,

CAA is characterized by acellular thickening of the walls of small 

and medium-sized arteries, including arterioles, but less often veins, 

by an amorphous, intensely eosinophilic material.1 Microvascular

amyloid may be identified by periodic acid–Schiff, toluidine blue, 

crystal violet, thioflavin S or T (fluorescence under ultraviolet light) 
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or Congo red stain under polarized light (yellow-green birefringence).

Furthermore, affected vascular channels may show a ‘double-barrel’

lumen, fibrinoid degeneration or necrosis (a hypertension-related

change), segmental dilatation with microaneurysm formation and

‘glomerular’ formations of microvessels and obliterative fibrous intimal

changes. The latter changes are characteristic in hypertension and 

may or may not be associated with the genesis of CAA.1 CAA fibrils

replace smooth muscle cells and cause separation of the internal

elastic membrane and the external basement membrane, and there 

is smooth muscle degeneration and capillary occlusion. The latter

findings may be linked to cerebral blood flow dysregulation in CAA.

Animal and human studies support the concept of vascular dysfunction

in CAA, as does the occurrence of associated brain microinfarcts,

white-matter lesions, and clinical evidence of cognitive impairment 

in this condition.4–7 Therefore, hypoperfusion and impaired vascular

autoregulation in CAA may be responsible for cerebral microinfarcts

and white-matter lesions.6,8

Role of Cerebral Amyloid Angiopathy in 
Cerebral Microbleeds
Cerebral microbleeds may be defined on gradient-echo (GRE) or 

T2*-weighted magnetic resonance imaging (MRI) sequences (or other

appropriate magnetic MRI sequences) as rounded foci measuring

<5 mm in size that appear as hypointense areas that are distinct from

vascular flow voids, leptomeningeal hemosiderosis or non-subcortical

mineralization.9,10 The appearance of a cerebral microbleed on a GRE

sequence is believed to be larger than the actual brain tissue lesion due

to a ‘blooming effect’ of the MRI signal.2 The reduction of MRI signal 

is caused by hemosiderin, a blood breakdown product. Hemosiderin is

sequestered by macrophages where it remains for years. Cerebral

microbleeds located in the cortex are thought to be caused by CAA,

whereas those located subcortically are believed to have a hypertensive

etiology.2 Clinically, cerebral microbleeds may be associated with

cognitive impairment, higher stroke risk, lower cerebrospinal fluid (CSF)

amyloid levels and higher mortality.11,12 What is the mechanism linking

CAA to cerebral microbleeds? In CAA, lobar microbleeds are believed 

to be caused by vessel fragility that leads to vessel rupture mediated 

by deposition of amyloid within the media and adventitia of small to

medium-sized cerebral arteries.13 According to the Boston criteria, the

presence of multiple lobar macro- and microbleeds is substantially

specific for severe CAA among elderly persons with no other obvious

cause for ICH.14 In CAA, both lobar macro- and microbleeds may show 

a posterior cortical preference in relation to location.13 ICH, therefore,

may cluster in the temporal and occipital lobes in these patients 

and be associated with disease progression and recurrent brain 

bleeds. Furthermore, cerebral microbleeds generally outnumber lobar

macrobleeds, and new microbleeds may be predicted by large numbers

of microbleeds at baseline and APOE e2 or e4 genotype.15,16 It has been

argued that CAA-related microbleeds and macrobleeds may represent

distinct entities, with increased vessel wall thickness predisposing to the

occurrence of microbleeds compared with macrobleeds.17

Epidemiology
Sporadic CAA is a common pathologic finding in the elderly, which is

detected in approximately 10–40 % of brains ≥65 years of age.18 CAA 

is even more prevalent in elderly subjects with concomitant AD, and has

been reported to be present in 80 % of these individuals.18 One study

estimated the prevalence of severe CAA as present in 21 % of autopsied

brains from individuals 85–86 years of age.19 Spontaneous ICH in the

elderly is attributed to CAA in 10–34 % of cases.18,20 The prevalence of

cerebral microbleeds in the general population doubles from 20 to 40 %

with an increase in age from 60 to 80 years or older, and they are also

seen more frequently in people with hypertension.21 In the Rotterdam

scan study, the presence of microbleeds at baseline was associated

with a five-fold risk of developing new microbleeds in a three-year

interval compared with subjects without microbleeds at baseline (odds

ratio 5.38, 95 % confidence interval [CI] 3.34–8.67).22 CAA-related ICH 

and hypertensive-related ICH may exist simultaneously in nearly 

25 % of individuals with ICH.23 Lobar microbleeds are associated with

recurrent ICH and CAA disease progression.15 Subjects with CAA-related

microbleeds have a greater than sevenfold risk of death from stroke

compared with subjects without microbleeds after adjusting for other

risk factors (hazard ratio 7.20, 95 % CI 1.44–36.10, p=0.02).24 The number

of amyloid-burdened vessels is increased in carriers of the APOE e4

genotype and the severe vasculopathic changes seen in CAA-related

ICH are increased in carriers of the APOE e2 genotype.25 In a genetic

association study, carriers of the APOE e2 genotype with lobar ICH had

larger ICH volumes, increased mortality and poorer functional outcomes

than non-carriers with lobar ICH.26 This association was not found 

with variant APOE genotypes and deep ICH.26 Hereditary CAA typically

presents as an autosomal dominant disease in selected families and is

extremely rare.27 APOE genotype does not appear to play a significant

role in hereditary CAA, and is associated with an earlier age of onset,

severe neurologic dysfunction, and death.27,28

Presentation
Sporadic CAA can be asymptomatic in the general elderly population,

and there is no pathognomonic clinical presentation of CAA-related

ICH.29 Depending on hematoma size and location, lobar ICH can present

with decreased level of consciousness, headaches, seizures or focal

neurologic deficits.30 White-matter lesions or leukoencephalopathy are

common in subjects aged ≥55 with lobar ICH and are associated with

cognitive dysfunction.31 CAA-related microbleeds are associated 

with an increased risk of cognitive decline and functional dependence.15

CAA and concomitant AD pathology are associated with more severe

cognitive impairment than CAA or AD occurring independently.32 One

cohort study of 404 patients demonstrated that when controlling for AD

pathology, moderate to severe CAA is associated with impairment 

in the specific cognitive domains of perceptual speed and episodic

memory, but not semantic memory or working memory.33 Cerebral

microinfarcts are common in severe CAA and may contribute to

vascular cognitive impairment seen in these patients.34 A small 

case-controlled study of 78 subjects with CAA found that 15 % of

subjects had diffusion-weighted imaging (DWI)-hyperintense lesions

consistent with subacute cerebral infarctions associated with an

increased number of hemorrhagic lesions.35 CAA can also lead to

ischemia that presents with focal neurologic deficits typically seen with

symptomatic cerebral infarctions.20 CAA is the most common cause of

non-traumatic non-aneurysmal convexal subarachnoid hemorrhage

(SAH) in the elderly.36 SAH at the convexity more commonly presents

with transient sensory and/or motor deficits and seizures rather than 

a headache, which is the typical presentation for aneurysmal or
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traumatic SAH.36 There have also been case reports of patients with

CAA-related inflammation presenting with progressive cognitive decline,

headaches, and seizures.37 The characteristic MRI in CAA-related

inflammation shows asymmetric T2 hyperintensities consistent with

vasogenic edema, and the severity of the presenting symptoms is

correlated with the T2 hyperintensity volume.37

Diagnosis
A definitive diagnosis of CAA requires brain biopsy or necropsy for

histologic examination of affected brain tissue. The Boston criteria were

created in part to standardize the diagnosis of CAA during life and

include the following diagnoses: definitive CAA, probable CAA with

supporting pathology, probable CAA, and possible CAA.14 The histologic

diagnosis requires special amyloid stains as detailed above. The

neuropathologic severity of CAA can be determined by one of two

grading systems proposed by Olichney et al. and Vonsattel et al.38,39 The

Boston criteria use the Vonsattel approach that grades CAA severity

from mild to severe based on the involvement of pathologic changes in

the blood vessels.39 SS has also been reported in patients with CAA. 

In a small case-controlled study of 38 patients with histologically

confirmed CAA, the authors reported that SS was present in 60.5 % of

patients with CAA, but was not found in any of the control patients.40

Inclusion of SS into the Boston criteria increased the sensitivity from

89.5 to 94.7 %; however, this was not statistically significant and did not

change the specificity.40 Although an MRI of the brain is able to detect

CAA-related ICH in living subjects, MRI is inadequate to capture the

neuropathologic changes associated with CAA. A newer diagnostic

imaging modality is positron emission tomography (PET) with Pittsburgh

compound B (PiB), which binds to AB deposits.41 Studies suggest that

PiB-PET can distinctively detect CAA neuropathology and prolonged

retention of PiB may be indicative of an increased hemorrhage risk

associated with recombinant tissue-type plasminogen activator.42 CSF

AB proteins may act as sensitive biomarkers in the diagnostic work-up

of dementia. CSF AB42 proteins are decreased in AD compared with

controls (p<0.001).43 Further studies have revealed that CSF AB40

proteins are significantly decreased in CAA compared with controls or

AD (p<0.01 versus controls or AD) and CSF AB42 proteins are also

decreased, although less significantly, in CAA compared with controls

or AD (p<0.001 versus controls and p<0.05 versus AD).44

Prospects for Prevention and Treatment
Microbleeds and white-matter lesions may act as surrogate markers 

of CAA severity.45 MRI modalities such as diffusion tensor imaging 

may be able to detect small-vessel damage more readily and act as 

a tool for CAA prevention.46 In multivariate analyses, aspirin use 

after ICH, including both micro- and macrobleeds, was associated 

with increased recurrence of CAA-related lobar ICH. The microbleed

burden could have significant implications for anti-platelet treatment in

patients with CAA.47 A subanalysis of the Perindopril protection against

recurrent stroke study (PROGRESS) suggests that blood pressure control

reduces the risk of CAA-related ICH and blood pressure lowering could

be preventive against multiple causes of ICH.48 Animal studies in mice

suggest that AB immunotherapy could theoretically slow or stop the

development of CAA; however, it remains unclear if these findings are

applicable in humans.49 Finally, corticosteroid or immunosuppressant

treatment may be appropriate interventions for patients with symptoms

and imaging consistent with CAA-related inflammation.50

Conclusion
CAA is a common cause of primary spontaneous ICH in the elderly 

and incidence increases with age. CAA is often associated with AD and

cognitive impairment. Sporadic CAA is more common in carriers of 

the APOE e2 and e4 genotypes. The anatomic location and clinical

presentation of CAA-related ICH are variable depending on the

neuropathologic involvement and severity. MRI advances have provided

powerful tools in the diagnosis of CAA, but brain biopsy or necropsy is

necessary for a definitive diagnosis of CAA. Despite significant progress

in our understanding of CAA, further research is needed to determine

prospective prevention and treatment strategies to reduce the incidence

of CAA-related ICH in the aging population. n

Amyloid-related Disorders

U S  N E U R O L O G Y22

1. Vinters HV, Cerebral amyloid angiopathy. A critical review,
Stroke, 1987;18:311–24.

2. Gorelick PB, Cerebral microbleeds. Evidence of heightened risk
associated with aspirin use, Arch Neurol, 2009;66:691–3.

3. Greenberg SM, Rapalino O, Frosch MP, Case 22-2010: An 
87-year-old woman with dementia and a seizure, 
N Engl J Med, 2010;363:373–81.

4. Smith EE, Greenberg SM, B-amyloid, blood vessels, and brain
function, Stroke, 2009;40:2601–6.

5. Zipfel GJ, Han H, Ford AL, Lee JM, Cerebral amyloid angiopathy.
Progressive disruption of the neurovascular unit, Stroke,
2009;40(3 Suppl.):S16–9. 

6. Iadecola C, Gorelick PB, Converging pathogenic mechanisms in
vascular and neurodegenerative dementia, Stroke, 2003;34:335–7.

7. Iadecola C, Davisson RL, Hypertension and cerebrovascular
dysfunction, Cell Metab, 2008;7:476–84.

8. Attems J, Jellinger K, Thal DR, Van Nostrand W, 
Review: Sporadic cerebral amyloid angiopathy, 
Neuropathol Appl Neurobiol, 2011;37:75–93.

9. Viswanathan A, Chabriat H, Cerebral microhemorrhage, Stroke,
2006;37:550–5. 

10. Greenberg SM, Vernooij MW, Cordonnier C, et al., Microbleed
Study Group. Cerebral microbleeds: a guide to detection 
and interpretation, Lancet Neurol, 2009;8(2):165–74.

11. Goos JDC, Henneman WJP, Sluimer JD, et al., Incidence of
cerebral microbleeds. A longitudinal study in a memory clinic
population, Neurology, 2010;74:1954–60.

12. Gorelick PB, Scuteri A, Black SE, et al., Vascular contributions
to cognitive impairment and dementia: A statement for
healthcare professionals from the American Heart
Association/American Stroke Association, Stroke,
2011;42:2672–2713.

13. Viswanathan A, Greenberg SM, Cerebral amyloid angiopathy 
in the elderly, Ann Neurol, 2011;70:871–80.

14. Knudsen KA, Rosand J, Karluk D, Greenberg SM, Clinical
diagnosis of cerebral amyloid angiopathy: validation of 
the Boston criteria, Neurology, 2001;56:537–9.

15. Greenberg SM, Eng JA, Ning M, et al., Hemorrhage burden
predicts recurrent intracerebral hemorrhage after lobar
hemorrhage, Stroke, 2004;35:1415–20.

16. Rosand J, Muzikansky A, Kumar A, et al., Spatial clustering 
of hemorrhages in probable cerebral amyloid angiopathy, 
Ann Neurol, 2005;58:459–62.

17. Greenberg SM, Nandigam K, Delgado P, et al., Microbleeds
versus macrobleeds. Evidence for distinct entities, Stroke,
2009;40:2382–6.

18. Jellinger KA, Alzheimer disease and cerebrovascular pathology:
an update, J Neural Transm, 2002;109:813–36.

19. Neuropathology Group, Medical Research Council Cognitive
Function and Ageing Study, Pathological correlates of 
late-onset dementia in a multicentre, community-based
population in England and Wales. Neuropathology Group 
of the Medical Research Council Cognitive Function and 
Ageing Study (MRC CFAS), Lancet, 2001;357:169–75.

20. Greenberg SM, Cerebral amyloid angiopathy. In: Mohr JP, 
Choi D, Grotta JC, et al. (eds), Stroke: Pathophysiology, 
Diagnosis and Management, 4th edition, Philadelphia, 
PA: Churchill Livingstone, 2004;693–705.

21. Vernooij MW, van der Lugt A, Ikram MA, et al., Prevalence and
risk factors of cerebral microbleeds: The Rotterdam Scan
Study, Neurology, 2008;70:1208–14.

22. Poels MF, Ikram MA, van der Lugt A, et al., Incidence of
cerebral microbleeds in the general population: The Rotterdam
Scan Study, Stroke, 2011;42:656–61.

23. Smith EE, Nandigam KR, Chen YW, et al., MRI markers of small
vessel disease in lobar and deep hemispheric intracerebral
hemorrhage, Stroke, 2010;41:1933–8.

24. Altmann-Schneider I, Trompet S, de Craen A, et al., Cerebral
microbleeds are predictive of mortality in the elderly, 
Stroke, 2011;42:638–44.

25. Greenberg SM, Vonsattel JP, Segal AZ, et al., Association of
apolipoprotein E ɛ2 and vasculopathy in cerebral amyloid
angiopathy, Neurology, 1998;50:961–5.

26. Biffi A, Anderson CD, Jagiella JM, et al., APOE genotype and
extent of bleeding and outcome in lobar intracerebral
haemorrhage: a genetic association study, Lancet Neurol,
2011;10:702–9.

27. Palsdottir A, Snorradottir AO, Thorsteinsson L, Hereditary
cystatin C amyloid angiopathy: genetic, clinical, and
pathological aspects, Brain Pathol, 2006;16:55–9.

28. Resvesz T, Holton JL, Lashley T, et al., Genetics and molecular
pathogenesis of sporadic and hereditary cerebral amyloid
angiopathies, Acta Neuropathol, 2009;118:115–30.

29. Biffi A, Greenberg SM, Cerebral amyloid angiopathy: A
systemic review, J Clin Neurol, 2011;7:1–9.

30. Broderick J, Connolly S, Feldmann E, et al., Guidelines for the
management of spontaneous intracerebral hemorrhage in
adults: 2007 update: a guideline from the American Heart
Association/American Stroke Association Stroke Council, High
Blood Pressure Research Council, and the Quality of Care and
Outcomes in Research Interdisciplinary Working Group,
Circulation, 2007;116:e391–413.

31. Smith EE, Gurol ME, Eng JA, et al., White matter lesions,
cognition, and recurrent hemorrhage in lobar intracerebral
hemorrhage, Neurology, 2004;63:1606–12.

32. Pfeifer LA, White LR, Ross GW, et al., Cerebral amyloid

Grysiewicz_V2_US_US_2011  14/06/2012  11:09  Page 22



angiopathy and cognitive function: the HAAS autopsy 
study, Neurology, 2002;58:1629–34.

33. Arvanitakis Z, Leurgans SE, Wang Z, et al., Cerebral amyloid
angiopathy pathology and cognitive domains in older 
persons, Ann Neurol, 2011;69:320–7.

34. Soontornniyomkij V, Lynch MD, Mermash S, et al., Cerebral
microinfarcts associated with severe cerebral beta-amyloid
angiopathy, Brain Pathol, 2010;20:459–67.

35. Kimberly WT, Gilson A, Rost NS, et al., Silent ischemic infarcts
are associated with hemorrhage burden in cerebral amyloid
angiopathy, Neurology, 2009;72:1230–5. 

36. Beitzke M, Gattringer T, Enzinger C, et al., Clinical presentation,
etiology and long-term prognosis in patients with nontraumatic
convexal subarachnoid hemorrhage, Stroke, 2011;42:3055–60.

37. Kinnecom C, Lev MH, Wendell L, et al., Course of cerebral
amyloid angiopathy-related inflammation, Neurology,
2007;68:1411–6.

38. Olichney JM, Hansen LA, Hofstetter CR, et al., Cerebral
infarction in Alzheimer’s disease is associated with severe
amyloid angiopathy and hypertension, Arch Neurol, 

1995;52:702–8.
39. Vonsattel JP, Myers RH, Hedley-Whyte ET, et al., Cerebral

amyloid angiopathy without and with cerebral hemorrhages: a
comparative histological study, Ann Neurol, 1991;30:637–49.

40. Linn J, Halpin A, Demaerel P, et al., Prevalence of superficial
siderosis in patients with cerebral amyloid angiopathy,
Neurology, 2010;74:1346–50.

41. Johnson KA, Gregas M, Becker JA, et al., Imaging of amyloid
burden and distribution in cerebral amyloid angiopathy, 
Ann Neurol, 2007;62:229–34.

42. Ly JV, Rowe CC, Villemagne VL, et al., Cerebral β-amyloid
detected by Pittsburgh compound B positron emission
topography predisposes to recombinant tissue plasminogen
activator-related hemorrhage, Ann Neurol, 2010;68:959–62.

43. Sunderland T, Linker G, Mirza N, et al., Decreased beta-
amyloid1-42 and increased tau levels in cerebrospinal fluid in
patients with Alzheimer disease, JAMA, 2003;298:2094–103.

44. Verbeek MM, Kremer BP, Rikkert MO, et al., Cerebrospinal 
fluid amyloid beta (40) is decreased in cerebral amyloid
angiopathy, Ann Neurol, 2009;66:245–9.

45. Pantoni L, Cerebral small vessel disease: from pathogenesis
and clinical characteristics to therapeutic challenges, 
Lancet Neurol, 2010;9:689–701.

46. Salat DH, Smith EE, Tuch DS, et al., White matter alterations 
in cerebral amyloid angiopathy measured by diffusion 
tensor imaging, Stroke, 2006;37:1759–64.

47. Biffi A, Halpin A, Towfighi A, et al., Aspirin and recurrent
intracerebral hemorrhage in cerebral amyloid angiopathy,
Neurology, 2010;75:693–8.

48. Arima H, Tzourio C, Anderson C, et al., Effects of 
perindopril-based lowering of blood pressure on intracerebral
hemorrhage related to amyloid angiopathy: 
the PROGRESS trial, Stroke, 2010;41:394–6.

49. Schroeter S, Khan K, Barbour R, et al., Immunotherapy reduces
vascular amyloid-beta in PDAPP mice, J Neurosci, 
2008;28:6787–93.

50. Kloppenborg RP, Richard E, Sprengers ME, et al., Steroid
responsive encephalopathy in cerebral amyloid angiopathy: a
case report and review of evidence for immunosuppressive
treatment, J Neuroinflammation, 2010;7:18.

Update on Amyloid-associated Intracerebral Hemorrhage

U S  N E U R O L O G Y 23

Grysiewicz_V2_US_US_2011  14/06/2012  11:09  Page 23


	US_Neuro_FC
	US_Neuro_IFC
	US_Neuro_01
	US_Neuro_02
	US_Neuro_03
	US_Neuro_04
	US_Neuro_05
	US_Neuro_06
	US_Neuro_07
	US_Neuro_08
	US_Neuro_09
	US_Neuro_10
	US_Neuro_11
	US_Neuro_12
	US_Neuro_13
	US_Neuro_14
	US_Neuro_15
	US_Neuro_16
	US_Neuro_17
	US_Neuro_18
	US_Neuro_19
	US_Neuro_20
	US_Neuro_21
	US_Neuro_22
	US_Neuro_23
	US_Neuro_24
	US_Neuro_25
	US_Neuro_26
	US_Neuro_27
	US_Neuro_28
	US_Neuro_29
	US_Neuro_30
	US_Neuro_31
	US_Neuro_32
	US_Neuro_33
	US_Neuro_34
	US_Neuro_35
	US_Neuro_36
	US_Neuro_37
	US_Neuro_38
	US_Neuro_39
	US_Neuro_40
	US_Neuro_41
	US_Neuro_42
	US_Neuro_43
	US_Neuro_44
	US_Neuro_45
	US_Neuro_46
	US_Neuro_47
	US_Neuro_48
	US_Neuro_49
	US_Neuro_50
	US_Neuro_51
	US_Neuro_52
	US_Neuro_53
	US_Neuro_54
	US_Neuro_55
	US_Neuro_56
	US_Neuro_57
	US_Neuro_58
	US_Neuro_59
	US_Neuro_60
	US_Neuro_61
	US_Neuro_62
	US_Neuro_63
	US_Neuro_64
	US_Neuro_IBC
	US_Neuro_FC



