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Brain Reverse Engineering by Intelligent Neuroimaging
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The first method for 
automatic extraction of sulcal curves

The first method for 
automatic sulcus labeling

כ͋ ᾂ ⁴̬ ╧ , ͖Œ
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כ͋ ᾂ ⁴̬ ╧ , ͖Œ

Riemannian Geometry Algorithms

Similarity Measure on Riemannian Manifolds

Key Ideas

Incremental Classification

N Subjects

Learning

Classification
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Background



Why Brain?



Why Brain?



Why Brain?



Behavioral Electrophysiology

www.berkelab.org

Behavioral Test

Autopsy

NeuroImaging

MRI - Anatomy
EEG / MEG

How to study Brain?



NeuroImaging



Brain Disorders



Cdldmsh`9 @kygdhldqŝr Chrd`rd
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Ό ╧ᵻ Ɑ͖ ѻשּ ͖ὢ



Ό ╧ᵻ ṋ╢ ḡ˼ Ἇᶕ

ᾏל15 Ợ
ќᴛ⁞ᾅ

ῳḉᴘ╧Ӣ-Ḻ ‗
Ἐ

♩ừ Ѩ̮͖קּ╩
(♆▄ừѻ˾)

ῳḉᴘ╧Ӣ-ḡ ♅ (PET ּשѻ)

ῳḉᴘ╧Ӣ-Ḻ ♅
ɟ

20У

→ ♅ (PET ּשѻ)

Ѩ͖קּ╩ ♄ ɟ 

˼Ҳ╩ּק
͖Ѩ◌ 

Ѩ͖קּ╩ ♄

Ό ╧ᵻ ᵭ

Ҋл ⌐וֹ (MRI ּשѻ)

Ҋл וֹ ⌐
ɟ

10-15У

♩ừ

Ẉ♩ừ

ѻשּ
▄˾ˀ

ᾋʹ› Ӹᵍ Ḓ╧ₓᵞ ╢ Ṇ

ѻשּ ╢▄Ѹש Ṇᴫ╢ ḟ

ṕ ▫ᴮѤ ἒᶘ ′╪ ₰♣ תּ Ώ╖ᶒ, ᶴѾ ṓⱠ, ╪↔, Ḥ , ὡ♬ ḓ Ữ‰♠ ↔╙
תּ͔ ѱѻ.
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MRI Ř Ҋл Ὕוֹ ר♩

Ѩˡở͖קּ╩

ѻשּ ḟḶ

̒ᴍ ͖‭
Ḓ╧ₓᵞ ⌐ ̮

Ό ╧ᵻ ᵭ ⌐
̮

1ἚҊ :ѻשּ ♄Ѩ͖קּ╩ , Ҋл Ὕוֹ

ῷḌᴛ╪ӥ PET 

- ͒ᴛḶ ῷḌᴛ╪ӥ ‚Ἓ בֿ
Ѿ

- ₅⁵Ṋ ♠ װ♬

  /  CSF 

ŕ ͒ᴛḶ ῷḌᴛ╪ӥ /  
↕ 

ѻשּ ḟḶ

̒ᴍ ͖‭

2ἚҊ :ѻשּ ῳḉᴘ╧Ӣ ‗Ἐ ͖Ḗ שּ

Ό ╧ᵻ ᵭ ѻ̐שּ ᴫ╢ ▄Ѹש Ṇ



Ό ╧ᵻ ṋ╢ -ѻשּ ᴫ − ᴘ→

ᾏל17 Ợ
ќᴛ⁞ᾅ

ṕ ▫ᴮѤ ἒᶘ ′╪ ₰♣ תּ Ώ╖ᶒ, ᶴѾ ṓⱠ, ╪↔, Ḥ , ὡ♬ ḓ Ữ‰♠ ↔╙
תּ͔ ѱѻ.

−ѻˡởשּ ᴘ→

ᶙ♅
⅔ד) ˡở)

ʾṇּשѻ ṋᵖּשѻ ᴫ˷♩ ᶘѮ ᵝ

Ѩ͖קּ╩
♄

̃⌐ ̮
Ἅṇ

(CogMate
ӫ)

Ѩ͖קּ╩ ͖Ḗ
˼Ҳ╩ּק◌ / ᵭ

ѻשּ
(MMSE ӫ)

л ̬Ɑ Ṇ Ḑ
̒ Ṇ ╩

(MRI )

ῳḉᴘ╧Ӣ-Ḻ
‗Ἐ ╩
'@ǃ-PET)

ῳḉᴘ╧Ӣ-Ḻ
╘Ἐ ╩
(@ǃ-PET)

ARIA ṥ□↑
ᶘѮ ᵝ

(MRI)

ḅ ⱱ
Ὕ⅔

ῳḉᴘ╧Ӣ-Ḻ ‗Ἐ
̃⌐ ̮ Ἅṇ ͖ὢ

PETṏѸ ʹ
ῳḉᴘ╧Ӣ-Ḻ
Ḑ → ѻשּ
͖ὢ

?

ˉ╩ ṋᵖ ừ ›
Ӹᵍ ᴫ♫

♅ Ἐ ʷ ͖ὢ

ᴫ ѻשׂ
ᾋ♣ ♫ᾋ ͖ὢ

ᾂ ᵖѶ
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╪Ḗ ↑כ№ MRI ₂ừ╖ ↑ ⁭ л ₂⁮ṇ PET γ ╢ ♅ ♩Ҳᵎ ₆ ѡ Ѩקּ̎╩ ͖ὢ

MRI

AI ͙ḙ

₅Ữ ᵙ

Tau

Amyloid

FDG

Ἓ

Ṓ Ἓ

̆ἶ ᵙ

ῼ ╪ᵾ Ѿבֿ

ῼ ╪ᵾ ᴮⱠ ѫ ₉

ῼ ╪ᵾ & Ἓ о פֿ  
ṎѾ́פֿ ♬

PET

о ₅⁵Ṋ

ḕ╪₡ᵡ ♠

Multicenter

CMRI & RMRI

Deep Learning 

MRI ͖Ḗ PET γ ₆ ͖ὢ
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1. MRI ₂ừ ︠ 

T1/T2 signal ratio
Ӷױѹ ͙ḙ ₅⁵

Ṋ
ҍо ὡפֿ װ♬

Structural MRI

̆Ἓѫ
₅⁵Ṋ PET ₉

2. ♩ừ╩ л Й ̬

Diffusion MRI Functional MRI

3. Ѩקּ̎╩ ᶘҥ͖Ḗ ͖˾ ᾈ

ῷḌᴛ╪ӥ ‚/╛Ἓ ↕ ᾅ ᴮ₰∟תּ╪

бᶷ ₰ᴮ ֞Ѥ ᾔỢ אַ

Deep CNN
ѫתּ̑╬ ᶛҨ

Deep GAN
ѫתּ̑╬ ᶛҨ

Input image

Style

Output image

G

Input Image

D

R/F

Domain 1

R/F

Domain 2

R/F

Domain 3

Latent code

F

Style

Domain 1

Style

Domain 2

Style

Domain 3

Input image

E

Style

Domain 1

Style

Domain 2

Style

Domain 3

200ᶘ ♬Ữ╬
ᾐ˿ᵬ М

500ᶘ ♬Ữ╬
͙ѫἛ М

MRI ͖Ḗ PET γ ₆ ᾑ ╧ᴚ
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MRI

AI ͙ḙ

₅Ữ ᵙ

PET
₅⁵Ṋ

ḕ╪₡ᵡ

♠

Tau

Amyloid

FDG

ῼ ╪ᵾ Ѿבֿ

ῼ ╪ᵾ ᴮⱠ
ѫ ₉

ῼ ╪ᵾ & 
Ἓ оֿפ
ṎѾ́פֿ

ῳḉᴘ╧Ӣ ‗Ἐ ₆

Center ‗Ἐ / ╘Ἐ

ˆ϶ ἝẄהᾅ Ṏ
∟

(N = 142)
0.904 ±  0.0046

ỪἛ Ἄ∂ Ṏ∟
(N = 279)

0.943 ±  0.0225

0.74

0.85
0.9

̰Ͽ AỢ

(N = 207)

͒ᴛḶ AỢ

(N = 686)

NeuroXT

˿☺Ợ ♬ ҵ ẋ̪ᶁ ἡ ҥ╪ ˤּש (AUC)

→ Stage ₆

ᶁ ἡ ҥ╪ ˤּש (AUC)

Center Rs`fd Ȩ-ȩ Rs`fd Ȫ-ȫ Rs`fd Ȭ-ȭ

ˆ϶ ἝẄהᾅ Ṏ
∟

(N = 187)
0.99 0.95 0.85

ADNI - ᶁ ἡ
(N = 112)

0.98 0.84 0.80

MRI ͖Ḗ PET γ ₆ ͖ὢ



< 15ḡ

Conventional
₅Ữἡ , Ṏ∟͕ ╥ᴮ͙̕

ᶛҨ

̯

▐Ữ ˤּש

₰ᴮ
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MRI

AI ͙ḙ

₅Ữ ᵙ

PET

₅⁵Ṋ

ḕ╪₡ᵡ

♠

Ἓ

Ṓ Ἓ

̆ἶ ᵙ

– 4ᾎʼ ἵ⅝ – 3ᾎʼ ἵ⅝ 2Ṫ ϿΩ ἵ⅝

VS

Research
ҍ Ṏ∟ Ӯ ⁷̯↔

Public ҥ╪ ἥ
⁵תּ

ѻ͙̕ ╔ ⁷̯
DPKR 13̩ ἡ

ר
ᶛҨ

͙Ⱶ ᵙ Ḣ
ḹ

MRI ᴛ
converter

MRI ר
program

ҍо ὡפֿ
װ♬ tool

MRI כ /̃ἳ ᵎ ḵ↑ ἶᴱἧ ̬
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MRI PET

Regional 

SUVR

Multicenter

RMRI & CMRI

Deep Learning 

Ἓ

Ṓ Ἓ

̆ἶ ᵙ

Ἐ - Multicenter

ר ♣ ἡ ʼ Ṫᵆ Ἓѫ
(10̩ ἡ , 45 ἡ ᾡ)

89.5

53.6

40

70

100

ר ♣ NeuroXT

74.7

86.3

40

70

100

ר ♣ NeuroXT

ר ♣ ♬Ữ╬- ᵰ ▫ Ṫᵆ Ἓѫ
(10̩ ἡ Ṏ )

ҿ▀ ˌ ╥ ἡ ʼ ҍо ὡפֿ ♬ҵ ╪ (2ˌ ἡ , N = 10)

͙́ ᾋ ͙ḙ

0

1

2

1 2 3 4 5 6 7 8 9 10

ר ♣ NeuroXT

AI ͙ḙ

₅Ữ ᵙ

MRI כ /̃ἳ ᵎ ḵ↑ ἶᴱἧ ̬
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MRI PET

Regional 

SUVR

Multicenter

RMRI & CMRI

Deep Learning 

Ἓ

Ṓ Ἓ

̆ἶ ᵙ

Ἐ - Multicenter

Ӷױѹ ͙ḙ

AI ͙ḙ

₅Ữ ᵙ

ר ♣ ἡ ʼ Ṫᵆ Ἓѫ (4ˌ ἡ , 6 ἡ ᾡ)

40

70

100

ἡ 1:2 ἡ 1:3 ἡ 1:4 ἡ 2:3 ἡ 2:4 ἡ 3:4

ר ♣ NeuroXT

MRI כ /̃ἳ ᵎ ḵ↑ ἶᴱἧ ̬
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MRI PET

Regional 

SUVR

Multicenter

RMRI & CMRI

Deep Learning 

Ἓ

Ṓ Ἓ

̆ἶ ᵙ

ṏ Ἐ Ř RMRI & 
CMRI

AI ͙ḙ

₅Ữ ᵙ

NeuroXT

/ ר

/ ר

/ ר

/ ר

/ ר

/ ר

∟ṕ̓ ỸἛ ₅Ữ Ợ╪╥
о ₅⁵ Ṫ ‚Ữ ẋ̪

Ṫ о ₅⁵ө╥
Ṩ ˃ Ữ́̕ὡ

Conventional MRI (CMRI)

ỸἛӈ Research MRI (RMRI)

∟ṕ RMRI ₅
Ữ

о ₅⁵ Ṫ

ỸἛ RMRI ₅
Ữ

о ₅⁵ Ṫ

MRI כ /̃ἳ ᵎ ḵ↑ ἶᴱἧ ̬
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MRI PET

Regional 

SUVR

Multicenter

RMRI & CMRI

Deep Learning 

Ἓ

Ṓ Ἓ

̆ἶ ᵙ

̃ἳ ᵖ Ř Deep 
Learning

Traditional (approx. 10h) NeuroXT (approx. 10s)

Extract thickness 
immediately!!

Intensity
Normalization

Skull Stripping
White Matter
Segmentation

Volumetric
Labeling

Surface Extraction

Gyral Labeling
Thickness
extraction

Thickness

Surface Atlas
Registration

T1

Thickness

Model

Traditional
о ₅⁵ Ṫ

NeuroXT
о ₅⁵ Ṫ

AI ͙ḙ

₅Ữ ᵙ

Traditional thickness

N
e

u
ro

X
T

th
ic

k
n
e
s
s

Ḣḹᴝ ʼ Thickness ẋ̪

r = 0.9

MRI כ /̃ἳ ᵎ ḵ↑ ἶᴱἧ ̬



Oqdbhrhnm Ch`fmnrhr ne @kygdhldqŝr Ahnl`qjdq

Prediction of PET Biomarkers from MRI Global MRI -PET Dataset

Global
Amyloid

Prediction

Global
Tau

Prediction

Regional
Tau

Prediction

MRI
(T1, DWI)

Edu Years,
MMSE

APOE
Gene Info

Age,
Sex

Best-in-class Prediction Accuracy

(Amyloid -beta Prediction Acc: 91.4%, 
Tau Prediction Acc: 93.7%)

Korean Dataset (MRI N=2,257 ᶕ, @ǃ-PET N=2,050ᶕ, Tau-PET N=200ᶕ)

(1) Dementia Platform Korea
(2) Gangnam Severance Hospital
(3) The Catholic Univ. of Korea Yeouido St. MaryŚs Hospital
(4) Seoul National University

US and Global Dataset 'LQH M<2+146 . @ǃ-PET N=2,060 / Tau -PET N=1,609)

'0( @CMH'@kygdhldqŝr Chrd`rd Mdtqnhl`fhmf Hmhsh`shud(
(2) HABS(Harvard Aging Brain Study)
(3) OASIS(Open Access Series of Imaging Studies)

Mnudk `ooqn`bg enq oqdbhrhnm ch`fmnrhr ne @kygdhldqŝr ahnl`qjdq a`rdc nm k`qfd fkna`k c`s`rds- 

26



Cohort AUROC% Sen % Spec % 

ADNI 93.11 ±  2.94 89.41 ±  3.48 81.40 ±  7.90

DPK 91.69 ±  6.00 86.94 ±  5.57 85.60 ±  5.74

GS2 90.46 ±  6.64 86.79 ±  5.91 78.98 ±  13.46

All 91.66 ±  4.45 87.66 ±  3.93 82.18 ±  6.35

ADNI DPK GS2 All

False Positive Rate

T
ru

e
 P

o
s
it
iv

e
 R

a
te

False Positive Rate False Positive Rate False Positive Rate

Best-in-class MRI-based global amyloid -ǃ onrhshuhsx oqdchbshnm accuracy.

27MRI-based prediction of global amyloid -ǃ onrhshuhsx



MRI-based prediction of global amyloid -ǃ onrhshuhsx 28

Clinical application scenario : Partially replacing PET scans through precise prediction.

<ADNI> <DPK> <GS2> <All>

G
lo

ba
l A

b
 P

o
si

ti
v
ity

 P
re

d
ic

ti
o

n
 S

c
o

re

Global Ab Positivity based on PET

N P N P N P N P

Grey Zone:  
Confirmatory PET scan needed



Subject stratification
using the methods in the TRAILBLAZER_ALZ study (Eli Lilly Kisunla)

P
re

d
ic

te
d

 t
a
u

 b
u
rd

e
n

O
ri

g
in

a
l 
ta

u
 b

u
rd

e
n

Low tau Intermediate tau High tau

MRI-based prediction of regional tau accumulation 29

Best-in-class MRI-based regional tau accumulation prediction accuracy.
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Ό ╧ᵻ ᴫ♫ ᾋҊ ͖ὢ♅ ̐♫



Ό ╧ᵻ ṋ╢ -ѻשּ ᴫ − ᴘ→

ᾏל31 Ợ
ќᴛ⁞ᾅ

ṕ ▫ᴮѤ ἒᶘ ′╪ ₰♣ תּ Ώ╖ᶒ, ᶴѾ ṓⱠ, ╪↔, Ḥ , ὡ♬ ḓ Ữ‰♠ ↔╙
תּ͔ ѱѻ.

−ѻˡởשּ ᴘ→

ᶙ♅
⅔ד) ˡở)

ʾṇּשѻ ṋᵖּשѻ ᴫ˷♩ ᶘѮ ᵝ

Ѩ͖קּ╩
♄

̃⌐ ̮
Ἅṇ

(CogMate
ӫ)

Ѩ͖קּ╩ ͖Ḗ
˼Ҳ╩ּק◌ / ᵭ

ѻשּ
(MMSE ӫ)

л ̬Ɑ Ṇ Ḑ
̒ Ṇ ╩

(MRI )

ῳḉᴘ╧Ӣ-Ḻ
‗Ἐ ╩
'@ǃ-PET)

ῳḉᴘ╧Ӣ-Ḻ
╘Ἐ ╩
(@ǃ-PET)

ARIA ṥ□↑
ᶘѮ ᵝ

(MRI)

ḅ ⱱ
Ὕ⅔

ῳḉᴘ╧Ӣ-Ḻ ‗Ἐ
̃⌐ ̮ Ἅṇ ͖ὢ

PETṏѸ ʹ
ῳḉᴘ╧Ӣ-Ḻ
Ḑ → ѻשּ
͖ὢ

?

ˉ╩ ṋᵖ ừ ›
Ӹᵍ ᴫ♫

♅ Ἐ ʷ ͖ὢ

ᴫ ѻשׂ
ᾋ♣ ♫ᾋ ͖ὢ

ᾂ ᵖѶ



ῳḉᴘ╧Ӣ- ♅ Ό ╧ᵻ ᵭ ᴫ♫╢ ἲד

ᾏל32 Ợ
ќᴛ⁞ᾅ

ʸ ̭ʷṇ ͈♫̭҆╢ ╩ ʷ

Aduhelm: Aducanumab (Biogen, 2021, US FDA Accelerated Approval)
Leqembi: Lecanemab (Eisai, 2023, US FDA Traditional Approval)
Kisunla: Donanemab (Eli Lilly, 2024, US FDA Traditional Approval)

ṕ ▫ᴮѤ ἒᶘ ′╪ ₰♣ תּ Ώ╖ᶒ, ᶴѾ ṓⱠ, ╪↔, Ḥ , ὡ♬ ḓ Ữ‰♠ ↔╙
תּ͔ ѱѻ.

ḅ̭ ṏ ở╢ Ɑ˝ṥ ͒⁭♫Ҳ ᾊ

╩

*US CMS(Centers for Medicare and Medicaid Services)
**CED(Coverage with Evidence Development) Coverage

ˡּצ╖ ⌐ Prospective Comparative Study
(CMS* CED**  Registry Ң╧ ӫᴙ Ὕ) 

Q. ᴫ♫ʷ Ѩ͖קּ╩ ♄ ἳҲᵎ ╢ḅ ▐˪
ˉἍ ѡʷ?

Q. ᴫ♫╢ ̐₫ ṥ□↑╧ ͉╪ ʷ?

Q. ᾋʹ› Ӹᵍ ᴫ♫╢ ̐₫ ṥ□↑╢ Ṇ ѡ?

CMS Medicare╢ ᶴוֹ

Aduhelm Leqembi Kisunla

ḅ̭ ыћΞΝьʺἶᾍ╬ ыћΞΟь♬ᾏᾍ╬ ыћΞΠь♬ᾏᾍ╬

╪Ṓ - ыћΞΟь♬ᾏᾍ╬ -

̭שׂ - ыћΞΟь♬ᾏᾍ╬ -

̭ - ыћΞΠь♬ᾏᾍ╬ -
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ῷḌᴛ╪ӥ –ᶹ ˌḛ╥ ʺἶ but ̓ ṬṪᶘ

♇ ѫ͙תּ╬ ┬╥Ḉ ˭ ᵢּת ᶣ

*Aducanumab (Biogen, 2021) / Gantenerumab (Roche, 2022) 
**Aducanumab: FDA ⱳˠṨ ᾍ╬ ( ᾍ╬ ῷḌᴛ╪ӥ ♠ –ᶹ)

ῷḌᴛ╪ӥ Ⱡ˞ ̓

: A-T-N

*Donanemab (Lilly, 2021)

/

ῳḉᴘ╧Ӣ- ♅ Ό ╧ᵻ ᵭ ᴫ♫╢ ἲד



34

ῳḉᴘ╧Ӣ› ╢ →ѡ ҳἘ╖
ʷּק˪ ӄᶏ ӎ ở╧╢ ừ □↑›
╢ → ♆ ʷ ӅѸשּ

ῳḉᴘ╧Ӣ₫ →ʷ Ҽᾋ›
Ⱳ◐ ѡ ˼→ ᴫ╢ ̐ʷ
ѽׇּשѸ

Marc Aurel Busche & Bradley T. Hyman, 
2020, Nature Neuroscience

Luis Aragao Gomes et al., 2019

ῷḌᴛ╪ӥ
ג ₮ ↕ʺ
ˉ╪ Ⱶ◓ Ѥ
˿↕⁄ᵣ ↕╥
♣ ʺ Ӈ‴ѻבֿ

Marc Aurel Busche & Bradley T. Hyman, 
2020, Nature Neuroscience

ῷḌᴛ╪ӥ ג ᵣ Ⱶ◓ Ѥ ˿↕⁄Ѥ
ῷḌᴛ╪ӥϮ Ͽ◓♠ ↕ᵣ Ⱡ˞ ҵ ͙ѫ♠
ἸỮ╪ ṓӇ‴ּתᵣ,ῷḌᴛ╪ӥ₮ ↕ʺ ᶛӎ
Ⱶ◓ Ѥ ˿↕⁄Ѥ ӑ אַ Ϯᵣ Ⱡ˞ ╙ ˿↕

ṓ╪ Ӈּת Ώ ѻ

ῳḉᴘ╧Ӣ ┘ᶱѡ Ό ╧ᵻ
╢ṋוֹ ╖ѻשּ ˷♩ ,ᵠקּ →
┘ᶱѡ ᵭ╢ שּ ╖ ˷♩ Ѹ

ALZFORUM, 2020.01.10

ҼḖּשѻ›Ἁ → Ḓ╧ₓᵞ ╢ Ἐ⅔שׂ
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: ḅ̭ Ḑ PCT (63/085,749), 10 -2022-0016537 ∙

Юᶴ9 Ŝ11Mdtqnm+ ŝ11 BS@C

H
E

Latent tau

E: Epicenter
H: Hub

H
E

Latent tau

Aʲ

H
E

Latent tau

Aʲ

H
E

Transformed tau

Aʲ

H
E

Transformed tau

Aʲ

H
E

Transformed tau

Aʲ

H
E

Transformed tau

Aʲ

H

A /̡Transformed tau

H
E

Transformed tau

Aʲ

H

A /̡Transformed tau

H
E

Transformed tau

Aʲ

H

A /̡Transformed tau

H
E

Transformed tau

Aʲ

H

A /̡Transformed tau

▼◐♅ →

ῳḉᴘ╧Ӣ- →
∙˳ừ □↑

ῳḉᴘ╧Ӣ- →
ᴘ ừ □↑
→ ὺ ♆

л Й ͖Ḗ ῳḉᴘ╧Ӣ- → ừ □↑ᶘҥ
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Ab triggers a long -range 
interaction with the tau -positive 
region

Direct co-mingling within a 
given brain region

Epicenter

Propagation hub

: A brain region where 
tau initially emerges

: A brain region where 
network flow -based 

spreading most resembles 
tau deposition 

topography during  the 
acceleration phase

The first region in the remote  Aƾ-tau 
interaction pseudo -order

The first region in the local Aƾ-tau 
interaction pseudo -order

л Й ͖Ḗ ῳḉᴘ╧Ӣ- → ừ □↑ᶘҥ
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Cell: Neuron (2022)
(Impact Factor = 17.17)

ῳḉᴘ╧Ӣ ♅
ᴫ

̇Ӥ ▄
↕ ♠ ᴮ
ᾎ▬ ᾎ♩

: ḅ̭ Ḑ PCT (63/085,749), 10 -2022-0016537 ∙
Юᶴ9 ŝ11 BS@C

ҼḖּשѻ ͖ὢ╢ ᾑ ╧ᴚ
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ῷḌᴛ╪ӥ ‚Ἓ ˿ҵ╬ּת◑ 
▫ө אַ
ῷḌᴛ╪ӥ ᴮʺ ̓ʺ ▓Ѥ
ẋ═╘ 14.4% ḗ⁄ Ӈּת ΏѤѻ. 

Too short treatable period
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(e.g., ῷḌᴛ╪ӥ ḥᾐ)
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ῷḌᴛ╪ӥ / ↕
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Amyloid -related imaging abnormalities (ARIA) ?ב

Amyloid -qdk`sdc hl`fhmf `amnql`khshdr+ `krn jmnvm `r Ś@QH@ś+ 
are MRI abnormalities typically associated with the use of monocolonal  antibodies
sg`s qdlnud `lxknhc ok`ftd hm o`shdmsr vhsg @kygdhldqŝr chrd`rd '@C(
ARIA is subdivided into ARIA -E (edema/effusion) or ARIA -H (hemosiderin/hemorrhage) 
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