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EDUCATIONAL OBJECTIVES

❑  Contextualize the recent shift in Alzheimer’s disease therapeutics and how this 

impacts imaging

❑ Master the imaging-based patient diagnosis and selection criteria

❑ Review both standard and up-and-coming ADRD imaging methods

❑ Interpret imaging biomarkers of therapeutic response

❑ Detect, classify, and grade amyloid-related imaging abnormalities
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INTRODUCTION
Alzheimer’s disease has entered a new era − and so have radiologists.

ALZHEIMER’S DISEASE (AD) AT SCALE

Irreversible and progressive neurodegenerative disorder

- Continuum in the clinical manifestations with multiple stages

- Symptoms include cognitive decline, memory loss, and behavioral changes

- Sixth cause of death in the US with mortality within 5-12 after symptom onset

Most common cause of dementia

- 55 million people living with dementia worldwide − 60 to 70% due to AD 

- About 1 in 9 individuals over 65 diagnosed with AD 

- Overall prevalence expected to triple by 2050 due to aging population

High societal and economic impacts

- Total costs expected to increase from $360 billion to $1 trillion in 2050
SEVERE AD DEMENTIA

MILD COGNITIVE IMPAIRMENT

MODERATE AD DEMENTIA

MILD AD DEMENTIA

PRECLINICAL AD

PATHOLOGICAL HALLMARKS

Aβ PROTEINOPATHY

TAU PROTEINOPATHY

NEURODEGENERATION

• Amyloid-beta (Aβ) is a polypeptide that aggregates into extracellular plaques

• The pathological mechanism involves increased production and impaired clearance

• Aβ accumulation begins two decades before cognitive impairment, defining prodromal AD

• Hyperphosphorylated tau proteins accumulate into neurofibrillary tangles (NFTs)

• NFTs accumulate inside the neurons and cause neurodegeneration via several pathways

• Tau accumulation follows a stereotypical spatial pattern defined by Braak stages

• Neurodegeneration is directly correlated with hyperphosphorylated tau burden

• Aβ also plays a role in neurodegeneration through oxidative stress and microglial activation

• Pathological changes includes synaptic dysfunction, neuronal death, and inflammation
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BIOMARKER CLASSIFICATION SCHEME

The AT(N) system establishes the biological biomarkers for AD diagnosis and staging

In 2024, a workgroup appointed by 

the Alzheimer’s Association 

updated the AT(N) system to reflect 

the recent scientific evidence. The 

revised system - AT1T2NISV - now 

includes plasma assays, divides T 

in two subgroups, and introduces 

three new categories: 

           Inflammation

           CSF and plasma GFAP

             ⍺-synuclein

             CSF ⍺Syn-AA

             Vascular brain injury

             Infarcts and WMH at MRI

A

N

T

PATHOLOGICAL HALLMARK

Aβ proteinopathy

PATHOLOGICAL HALLMARK

Tau proteinopathy

PATHOLOGICAL HALLMARK

Neurodegeneration

CSF/PLASMA BIOMARKERS

Aβ42

Aβ42/Aβ40 ratio

CSF/PLASMA BIOMARKERS

CSF total tau

CSF/plasma p-tauXXX 

plasma %p-tau217

CSF/PLASMA BIOMARKERS

CSF/plasma NfL

IMAGING BIOMARKERS

Amyloid PET

IMAGING BIOMARKERS

Tau PET

IMAGING BIOMARKERS

Structural MRI

FDG PET

CALLOUT BOX
2024 Revised Criteria

V

S

I

THERAPEUTIC SHIFT  −  from symptomatic relief

DONEZEPIL

Cholinesterase 

inhibitor most widely 

used today, showing 

moderate, long-term 

improvement in 

cognitive function

GALANTAMINE

Cholinesterase 

inhibitor used in mild 

to severe dementia, 

showing long-term 

improvement in 

cognitive function

1995

1996

2000

2001

2003

2007

TACRINE

Historically, it is the 

first FDA-approved 

cholinesterase 

inhibitor; no longer 

used due to hepatic 

toxicity and moderate 

efficacy

RIVASTIGMINE

Cholinesterase 

inhibitor still used 

today to treat mild to 

moderate dementia 

due to AD, effective in 

delaying cognitive 

decline

MEMANTINE

NMDA receptor 

antagonist used in 

moderate to severe 

dementia, delaying 

decline; often in 

combination with 

another drug

BAPINEUZUMAB

The first anti-amyloid 

monoclonal antibody 

to enter a Phase III 

clinical trial; no 

benefit in clinical 

outcome was shown

THERAPEUTIC SHIFT  −  to disease-modifying therapies with monoclonal antibodies

* Aduhelm® (aducanumab) was discontinued in 2024

Only three monoclonal antibodies targeting beta-amyloid were approved by the FDA to this date. Numerous other 

drugs, such as bapineuzumab, solanezumab, crenezumab and gantenerumab, have reached Phase III clinical 

trials, but all failed to demonstrate efficacy in amyloid burden reduction and/or clinical outcome improvement. In 

addition, aducanumab was discontinued in 2024 due to contested efficacy and controversy over FDA approval. 

TRONTINEMAB, A PROMISE 

FOR ARIA-PREVENTING 

MONOCLONAL 

ANTIBODIES?

ADUCANUMAB*

Aduhelm®

Partial FDA approval in 2021

EMERGE/ENGAGE clinical trials

DONANEMAB

Kinsula®

Full FDA approval in 2024

TRAILBLAZER-ALZ 2 clinical trial

2021 2023 2024

LECANEMAB

Leqembi®

Full FDA approval in 2023

CLARITY AD clinical trial

ENTERING THE NEW ERA 

OF ANTI-AMYLOID 

MONOCLONAL 

ANTIBODIES
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THREE ROLES FOR RADIOLOGISTS  −  neuroimaging in the era of amyloid-targeting therapy

1
PATIENT 

SELECTION

3
MONITORING 

FOR ARIA

2
THERAPEUTIC 

RESPONSE

Determine which 

patient are candidates 

for amyloid-targeting 

immunotherapies. Evaluate the effects of those 

therapies at imaging using 

validated biomarkers. 

Follow the treated patients 

with MRI to screen for 

amyloid-related imaging 

abnormalities (ARIA).

PATIENT SELECTION
Who should receive treatment? 

CORE ELIGIBILITY CRITERIA  − selection is imaging-driven, not just clinical

CLINICAL PROFILE

• Symptomatic AD in early phase - MCI or mild dementia

• Age 50 to 90 - inclusion range in clinical trials

AMYLOID BIOMARKERS

• Amyloid PET - proof of Aβ deposition

• CSF Aβ42/Aβ40 ratio - consistent with AD (only lecanemab)

TAU BIOMARKERS

• Tau PET - low to intermediate tau burden

• Plasma p-tau217 and CSF t-tau

STRUCTURAL MRI

• Exclusion of cerebral amyloid angiopathy, vascular disease, and hemorrhage

• Identification of alternate diagnosis compatible with symptoms
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CLINICAL PROFILE
Where Selection Begins

→  Only patients who are early on the disease continuum are eligible

Early clinical stage of AD (as defined by the NIA-AA core clinical criteria)

• Diagnosis of MCI or mild dementia

• Subjective and slowly progressive decline in memory

Age 50 to 90 years old (inclusion range varies between clinical trials)

Composite measures for cognitive performance

*Alphabet soup defined at the end of this exhibit

MMSE 20-28MMSE 24-30

Global CDR 0.5

RBANS-DM ≤85

MMSE 22-30

Global CDR 0.5 to 1.0
CDR Memory box ≥0.5

WMSIV-LMII ≥1SD below 
age-adjusted mean

ADUCANUMAB LECANEMAB DONANEMAB *

Beyond the typical amnestic syndrome observed 

in AD and characterized by impairment of episodic 

memory, about 30% of AD patients present 

clinically with a non-amnestic variant of AD. 

Those include posterior-predominant cortical 

atrophy (visuospatial deficits), logopenic variant of 

primary progressive aphasia (speech impairment), 

corticobasal syndrome (movement disorder), 

dysexecutive AD, and behavioral variant of AD.

Clinical trials on anti-amyloid therapies enrolled 

predominantly participants with the amnestic 

variant of AD. This led to an underrepresentation 

of non-amnestic variants of AD, creating a gap in 

knowledge on the benefits and risks of 

monoclonal antibodies for these patients. 

Non-amnestic variants of AD

AMYLOID BIOMARKERS
Confirming the Target

→  Evidence of Aβ plaque deposition is a requirement for treatment

Amyloid PET

• Measurement of amyloid plaque burden

• Correlation with longitudinal cognitive decline

• Aβ-negativity on PET reduces the likelihood of AD

• Plaque burden higher in amnestic variant of AD

  What radiotracers do we use? 

  ⦿  11C-Pittsburgh Compound B − known as PiB

→  Short half-life (~20 min), on-site cyclotron required

  ⦿  18F-based tracers − florbetapir, flutemetamol and florbetaben

→  Longer half-life, transport between sites possible

Positivity for Aβ on amyloid PET scans is also 

observed outside of the diagnosis of AD. 

In cognitively unimpaired older adults, high rates 

of Aβ positivity are observed. By the ninth 

decade, more than 40% of individuals without 

cognitive decline are Aβ+ on amyloid PET. 

Other neurodegenerative disorders may be 

associated with amyloid positivity as well. For 

instance, ⍺-synucleopathies show amyloid 

positivity rates up to 56%.

Aβ positivity outside of AD

AMYLOID BIOMARKERS
Confirming the Target

→  What does Aβ plaque deposition mean in a cognitively normal person?

Amyloid PET

• May indicate that individuals with greater cognitive or neuronal reserve may tolerate substantial 

Aβ burden without overt impairment until much later in life

• There is additional evidence that the clinical course of non-demented older individuals is 

affected by their Aβ status, with a higher rate of memory decline in amyloid-positive individuals

• Amyloid deposition can precede the clinical onset of dementia by 15–20 years 

• Positivity in the cognitively unimpaired seems to correspond to a preclinical phase of AD

      This supports the potential inclusion of Aβ into predictive models of disease progression

ars ß pos. 

+ POTENTIAL PREDICTOR
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Normal brain Alzheimer’s disease

AMYLOID PET   −   a side-by-side case-based comparison

→ raw value of PET signal

INTERPRETATION KEY

VISUAL READING

Dichotomous visual ratings are the base of clinical 

interpretation of amyloid PET scans. Their main 

disadvantage is the variability between readers (estimated 

between 5% and 15%), especially near the positivity 

threshold and in case of atypical tracer distribution (focal 

uptake, technical artifacts). 

→ positive vs. negative

SUVR

Standard uptake value ratio (SUVR) is a raw quantitative 

measure of tracer activity and corresponds to the signal 

obtained from the PET study. A commonly used value for 

amyloid positivity is SUVR ≥ 1.10. The main drawback of 

this metric is the wide range of variability between tracers 

and its dependence on methodology. 

CENTILOID → adjusted value from 0 -100CL

This is the reference scale used in most clinical trials due to 

its reliability and reproducibility across tracers. The 

centiloid method applies a linear transformation of SUVR in 

the region of interest in order to convert raw signal into 

universal, comparable value from 0 to 100, where 0 

corresponds to a young, cognitively normal person (no 

amyloid) and 100 corresponds to confirmed AD dementia. A 

threshold of 20-40 is often proposed for amyloid positivity.

TAU BIOMARKERS
Scaling the Downstream Neuropathological Changes

→ Tau burden could be an important biomarker for individualized treatment

Tau PET (only used as inclusion criteria in donanemab clinical trial)

• Burden and spatial distribution of tau proteins

• Role in adjusting the therapeutic window to downstream neuropathology

• Greater benefit from treatment in patients with low-to-intermediate tau burden

• Not a strict eligibility criteria, but good predictor of clinical response to treatment

• Limited accessibility and uncertain reimbursement status

  What radiotracers do we use?

  ⦿  18F-flortaucipir  →  Excellent selectivity for AD tau pathology versus non-AD tauopathies

  ⦿  New-generation tracers (such as 18F-MK-6240)  →  Less off-target binding, greater dynamic range of signal

TAU BIOMARKERS
Scaling the Downstream Neuropathological Changes

→ Tau PET signal and distribution pattern correlates with neuropathology

Braak stages − defined at autopsy

• Spatiotemporal patterns of NFTs distribution

• More dynamic AD stage marker than Aβ

• Braak stage  tau burden  disease severity

• Braak stages I and II − Mostly asymptomatic

• Braak stages III and IV − Mild cognitive impairement

• Braak stages V and VI − Dementia

Correlation between Braak stages and tau PET signal

Tau PET is more sensitive to later Braak stages (V and VI) and less sensitive to   

earlier Braak stages (I through IV). Hence, the absence of tau tracer binding

does not exclude clinically relevant earlier stage of tau proteinopathy!

Stage III

hippocampus

Stage II

transentorhinal and entorhinal regions

Stage I

rhinal sulcus

Stage IV

insular 

cortex

occipitotemporal gyrus

Stage V

Herchl’s 

gyrus

Stage VI

pancortical 

spread

16

17

18



7

TAU BIOMARKERS
Scaling the Downstream Neuropathological Changes

→ Tau PET signal and distribution pattern correlates with neuropathology

What is the impact of Tau positivity? 

• There also seems to be an interaction between Aβ and tau pathologies

• PET studies showed a more substantial cognitive decline in a subgroup with evidence of Aβ and 

tau positivity 

• Because this risk was present in middle-aged adults in the preclinical phase of AD, these 

findings suggest a potential role for tau imaging in the risk stratification of individuals 

within the amyloid-positive group 

Normal brain Alzheimer’s disease

QUANTIFICATION TOOLS

Visual 

INTERPRETATION KEY

VISUAL READING

The FDA-approval of 18F-flortaucipir  is restricted to a 

binary visual interpretation (AD pattern versus non-AD 

pattern) only. More recently, efforts have been made to 

develop a refined visual interpretation that includes 

spatial extent of tau in addition to magnitude of tau 

signal. This more nuanced approach aims to better 

capture disease stage and predict cognitie decline 

(see Braak stages).  

Quantitative measurement are used in research but 

have not yet been validated, with large gaps between 

SUVR readings and visual ratings. The CenTauR 

framework established a common metric  validated 

across tau tracers by quantifying binding magnitude 

within a universal regional mask. The inferior 

cerebellar cortex is generally used as a reference 

region for intensity normalization, as it shows the 

latest involvement in tau spread.

TAU PET   −   a side-by-side case-based comparison

STRUCTURAL MRI

→  MRI is the safety filter that determines ineligibility and risk for complications

MRI-based exclusion criteria

+ Baseline volumetric parameters

• Measurement of baseline whole brain, ventricular and hippocampal volumes

+ Rule out a potential alternate diagnosis

• Other neurodegenerative disease, space-occupying lesion, or other structural abnormalities

T2
W

I/
T2

 F
LA

IR
 

Advanced small vessel disease 

 • Severe WMH burden (grade Fazekas 3)

 •  More than 2 lacunar infarcts

Prior large ischemic stroke T2
*

 G
R

E
/

S
W

I

Cerebral amyloid angiopathy (CAA)

 •  More than 4 microbleeds

 •  Any superficial siderosis

Prior intracranial macrohemorrhage
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STRUCTURAL MRI   −   hallmark exclusionary findings & differential diagnoses

Superficial siderosis (T2* GRE) Microbleeds (SWI) Severe WMH (T2 FLAIR) Lacunar infarct (T2 FLAIR)

Frontotemoral dementia (CT) Creutzfeldt-Jakob disease (DWI) Right insular ischemic stroke (T2 FLAIR) Macrohemorrhage (T2* GRE)

Diffuse countless 
punctate 

hypointensities

Practical Role of Imaging in Dementia

Borghesani. J Am Geriatr Soc 58:1453–1458, 2010

53 F Memory loss, personality changes
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53 F Memory loss, personality changes

Meningioma

86 F Mild Cognitive Impairment

86 F Mild Cognitive Impairment

T2 FLAIR

Normal Pressure Hydrocephalus (NPH)
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73 M with memory loss

73 M with memory loss

T1 + Gd DWI

FLAIR

Wernicke’s Disease - Thiamine Deficiency

85 M with dementia,
ataxia, startle
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85 M with dementia,
ataxia, startle

T1-Gd T2

DWI

PRION Disease
(Creutzfeldt-Jakob)

Total Cranial Volume: Gender and Age

32 42 52
62 72 82 92

Men

Women

T
o

ta
l 

c
ra

n
ia

l 
v
o

lu
m

e
 (

c
c
)

Age

Framingham data: N=2266 MRI’s, adults 34-97 yrs 

DeCarli, C et al    Neurobiol Aging 2005; 26:491–510

Grey Matter Involvement in AD

Frisoni et al. Brain 2007; 130: 720-730
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73 M Mild Cognitive Impairment

Medial temporal atrophy:

risk for progression to AD

Prominent perivascular

spaces: incidental

Mild Cognitive Impairment

Age 61

Age 64

Normal appearance

Serial Imaging
Progressive L > R hippocampal & cortical atrophy

Age 72Age 69Age 64
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Automated Regional Atrophy 
Quantification in Dementia

Automated atlas-based 3D-T1 segmentation

Brewer et al. AJNR 2009; 30:578-580 

Clinical Alzheimer’s Disease - age 72

Bilateral hippocampal atrophy < 1%  

Clinical Alzheimer’s Disease - age 72
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81 F Clinical Dementia 
Frontotemporal Dementia

STRUCTURAL MRI

→  MRI is the safety filter that determines ineligibility and risk for complications

MRI-based exclusion criteria

+ Baseline volumetric parameters

• Measurement of baseline whole brain, ventricular and hippocampal volumes

+ Rule out a potential alternate diagnosis

• Other neurodegenerative disease, space-occupying lesion, or other structural abnormalities

T2
W

I/
T2

 F
LA

IR
 

Advanced small vessel disease 

 • Severe WMH burden (grade Fazekas 3)

 •  More than 2 lacunar infarcts

Prior large ischemic stroke T2
*

 G
R

E
/

S
W

I

Cerebral amyloid angiopathy (CAA)

 •  More than 4 microbleeds

 •  Any superficial siderosis

Prior intracranial macrohemorrhage

White Matter Grading Scale
Fazekas

1 2 3
Periventricular white matter (PVWM)

0 = absent
1 = “caps” or pencil-thin lining
2 = smooth “halo”
3 = irregular periventricular signal 
extending into the deep white matter

Deep white matter (DWM)
0 = absent
1 = punctate foci
2 = beginning confluence
3 = large confluent areas
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Contribution of Vascular Disease to Dementia
Traditional Revised

Moorhouse, P. Lancet Neurol 2008; 7: 246–55

White Matter Hyperintensity
Risk Factors: Stroke Risk Profile

Jeerakathil et al . Stroke 2004; 35:1857-1861

WMH volume versus age

N=1330, stroke-free and dementia-free

Framingham Study Data

Atwood et al. Stroke 2004;35:1609-1613
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Are all WMHs the same?

• Deep white matter/subcortical: chronic small vessel ischemic

• Periventricular: relates to a combination of demyelination, 
ependymitis granularis, and subependymal gliosis, less
closely tied with ischemia 

Are all WMHs the same?

• Multiple types of pathology are bright on T2
• Ischemia / gliosis

• Damage to small blood vessel walls

• Breaches of the barrier between the cerebrospinal fluid and the brain

• Loss and deformation of the myelin sheath

CADASIL Syndrome: 
Cerebral autosomal dominant arteriopathy with subcortical infarcts and 
leukoencephalopathy
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Multiple Sclerosis

Levamisole Toxicity 

White Matter Grading Scale
Fazekas

1 2 3
Periventricular white matter (PVWM)

0 = absent
1 = “caps” or pencil-thin lining
2 = smooth “halo”
3 = irregular periventricular signal 
extending into the deep white matter

Deep white matter (DWM)
0 = absent
1 = punctate foci
2 = beginning confluence
3 = large confluent areas
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White Matter Segmentation – T2 FLAIR

DeCarli, C et al. Stroke 2005;36:50-55

Van Straaten et al. Stroke 2006; 37:836-840

White Matter Grading Scales: Useful???
LADIS Leukoaraiosis And DISability Study

618 independently living elderly

WMH assessment vs Disability  

Fazekas Depression

Scheltens Gait

ARWMC Incontinence

Volume Memory

➢ Volumes more sensitive than visual scales

➢ No correlation # lesions, lesion type

➢ Scales: ceiling effects, not discriminant

STRUCTURAL MRI

→  MRI is the safety filter that determines ineligibility and risk for complications

MRI-based exclusion criteria

+ Baseline volumetric parameters

• Measurement of baseline whole brain, ventricular and hippocampal volumes

+ Rule out a potential alternate diagnosis

• Other neurodegenerative disease, space-occupying lesion, or other structural abnormalities

T2
W

I/
T2

 F
LA

IR
 

Advanced small vessel disease 

 • Severe WMH burden (grade Fazekas 3)

 •  More than 2 lacunar infarcts

Prior large ischemic stroke T2
*

 G
R

E
/

S
W

I

Cerebral amyloid angiopathy (CAA)

 •  More than 4 microbleeds

 •  Any superficial siderosis

Prior intracranial macrohemorrhage
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85 F Mixed AD + Vascular Dementia

T2 FLAIR

T2

SWI – T2*

Microbleed

Cerebral Amyloid Angiopathy

Epidemiology
• Important cause of ischemia 

and hemorrhage in the elderly

• Age Dependent
• 2%: ages 65-74

• 8%: ages 75-84

• 12%: ages >85

• CAA incidence of 80-90%  in 
Alzheimer’s Disease

MRI Findings
• Leukoencephalopathy

• Small cortical infarcts

• Lobar/subarachnoid hemorrhage

• Superficial siderosis

• Microbleeds

Haacke et al. AJNR 2007; 28: 316 GRE-T2* SWI

Amyloid β Angiitis – T1 CUBE Black Blood MRI + C
Inflammatory Amyloid Angiopathy

Extensive Microhemorrhages

Leptomeningeal 

enhancement

Arterial wall  

enhancement

Parenchymal 

enhancement

Vasogenic edema

Autoimmune 
response to vascular 
amyloid β deposits
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Cerebral Amyloid Angiopathy

Hypertensive Microhemorrhages

Iatrogenic Microhemorrhages
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Emboli

Diffuse axonal injury

FDG PE T
When the Diagnosis is Unclear

→  Brain metabolism is not an eligibility criteria, but can be useful

Measurement of glucose metabolism

• Marker of regional neuronal function and activity

Typical FDG PET imaging pattern in AD

• May confirm diagnosis in bordeline cases

Differential with other neurodegenerative diseases

• Also identifies changes related to normal aging

Marginal role in patient selection

• Not required by FDA for lecanemab and donanemab

FRONTAL ASSOCIATION CORTEX

MEDIAL TEMPORAL/HIPPOCAMPUS

FDG PET in AD - What regions are involved?

POSTERIOR CINGULATE

Most specific and earliest region, with 86% of AD patients 

showing hypometabolism in this region. 

LATERAL TEMPOROPARIETAL

PRECUNEUS

Hypometabolism in 71% of cases of AD, typically detectable 

before structural changes such as atrophy occur. 

71% of AD patients - less specific than posterior cingulate, but 

great sensitivity (93.6% against frontotemporal dementia). 

Involved early, with hypometabolism preceding structural 

changes by years ; predicts conversion from MCI to dementia.

Involved later in the disease - relative sparing at FDG PET may 

help differenciate from behavioral frontotemporal dementia. 
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FDG-PET in a patient with Alzheimer’s disease. Multiplanar and surface-
rendered FDG-PET images demonstrate hypometabolism involving the 
posterior cingulate cortex, precuneus, parietooccipital cortex, and prefrontal 
cortex, the topographic pattern characteristic of Alzheimer’s disease.

Alzheimer’s Disease Frontotemporal Dementia 

Dementia with Lewy bodies Alzheimer’s Disease

”Occipital tunnel" sign in DLB: relative sparing in the medial occipital lobe (primary visual) and 
more severe loss of uptake in the surrounding lateral occipital (visual association) cortex
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PERFUSION IMAGING
When the Diagnosis is Unclear

→  Perfusion is not an eligibility criteria, but can be useful

Imaging the passage of fluid through the circulatory system

Usually referring to the delivery of blood to a capillary bed in tissue

• Usually referring to the delivery of blood to a capillary bed in tissue

• Some techniques use contrast

Cerebral blood flow 

AD patients have decreased blood flow

Arterial Spin Labeling

67
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3D T2 FLAIR Reconstructions

76M with Alzheimer’s Disease
Morphology (FLAIR) vs Physiology (ASL Perfusion)

76M with Alzheimer’s Disease
Morphology (FLAIR) vs Physiology (ASL Perfusion)

ASL CBF - quantitative

4D FLOW MRI
Research Topics

→  Flow measures are not an eligibility criteria, but can be useful

Phase contrast MRI method with a blood flow vector and temporal component

• Enables both volumetric angiographic and quantitative assessment of blood flow

velocities in a single acquisition

• Wall shear stress, pulsatility, pressure gradients, vessel area measurements
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Blood flow and Pulsatility Index in the circle of Willis 

Blood Flow (mL/min) 

• Clinical AD: significant decrease in blood flow and increase in PI, suggesting decreased
brain metabolism and vessel compliance 

Rivera-Rivera LA, et al. J Cereb Blood Flow Metab. 2016 Oct;36(10):1718-1730.

Pulsatility index

4D flow MRI: Other vascular markers 

- Pulse wave velocity (PWV) gold standard noninvasive  biomarker for arterial stiffness

- Arterial stiffness is a significant risk factor for cardiovascular disease and mortality [1]

High speeds:
-high blood pressure
-arterial stiffness 

Low speeds:
-low blood pressure
-elastic arteries 

Laurent S, et al. Eur Heart J 2006; 27:2588–2605.
PWV = 

𝐿

∆𝑇

• Higher PWV suggests arterial stiffness in AD

Pathology and age effects 

• PWV increases with age in healthy

• AD appears to accelerate aging effect

Rivera-Rivera LA, et al. J Cereb Blood Flow Metab. 2020 Mar 13; Online ahead of print.
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Pathology and age effects 

Statistically higher PWV in APOE ɛ4 carriers healthy adults

Higher PWV in the Impact group 
suggest vascular changes are 
occurring in a group of otherwise 
healthy individuals

Need longitudinal assessment 

Cerebrovascular reactivity (CVR) and aging

• CVR = response of brain blood vessels to 
vasoactive stimuli (e.g. neural activity, 
increases in CO2) 

• CVR relates to future risk of CVD and is lower 
in patients with AD compared with cognitively
normal

• Estimated from linear relationship between 
cerebrovascular conductance (flow/mean 
arterial pressure) and end-tidal carbon dioxide 
during CO2 inhalation.

Miller KB, et al. Age-Related Reductions in Cerebrovascular Reactivity Using 4D Flow MRI. Front Aging Neurosci. 2019 Oct 17;11:281 

CVR to Hypercapnia

Miller KB, et al. Age-Related Reductions in Cerebrovascular Reactivity Using 4D Flow MRI. Front Aging Neurosci. 2019 Oct 17;11:281 

• The brain blood flow response to a vasodilatory stimulus  (hypercapnia) was
reduced in older adults. 

• Findings may be sex-specific

76

77

78



27

Multiple compartments (e.g. 4D flow probes arteries, ignores tissue)

Need for multi-scale characterization
- Intracranial PWV
- Strain mapping
- Intracranial pressure

arterial pressure   (fast velocities)  

tissue    (small displacements)  

CSF    (slow velocities)  

oxy blood CSF deoxy blood 

Assessment of other brain compartments

DTI Tractography in Degenerative Disorders

Mod from Catani by Ciccarelli. Lancet Neurol 2008; 7:715-727

fMRI Resting Connectivity - Lost with AD
Healthy elderly 
controls

Mild cognitive 
impairment

Alzheimer‘s 

disease

6.00

1.65
z

ICA group 

comparison

(voxel-wise)

Courtesy of 
Dr. Walter Koch
Munich, Germany
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INTEGRATED ALGORITHM  −  a simplified framework for patient selection

CLINICAL AMYLOID TAU MRI TREAT!

CLINICAL PROFILE

Early, symptomatic AD proven by composite measures 

for cognitive and functional performance (MCI and mild 

dementia only) - exclude if advanced dementia

AMYLOID BIOMARKERS

Prove amyloid deposition with amyloid PET and/or 

CSF biomarkers to determine positivity - exclude if 

negative and search alternate diagnosis

TAU BIOMARKERS

Stratifiy patients based on their tau pathology, with 

low/intermediate burden showing better response - 

refining the therapeutic window

STRUCTURAL MRI

Major role in determining exclusion criteria (CAA, WMH, 

ischemic stroke, hemorrhage…) and obtaining baseline 

volumes - exclude if any is present! (risk for ARIA) 

REAL-WORLD ELIGIBILITY GAP  −  a few striking statistics

AMYLOID POSITIVITY

50%
AVERAGE RATE OF AMYLOID POSITIVITY 
Across studies with different methodologies, 

approximately half of the participants with MCI 

or mild dementia had Aβ positivity.
Jeon et al. ; Urso et al. ; Claus et al. ; Pittock et al.

100%

49.8%

28.0%

100%

43.5%

24.6%

Aβ+ and MCI/early AD

After inclusion criteria

After exclusion criteria

LECANEMAB DONANEMAB

BAR GRAPHS OF INCLUSION AND EXCLUSION RATES
Less than 30% of amyloid-positive individuals with MCI or early dementia due to AD 

are eligible for treatment after applying inclusion criteria (age, MMSE) and exclusion 

criteria (from clinical history and MRI findings)
Adapted from Jeon et al. 

Cardiovascular 

disease

35.2%

Anticoagulant 

use

31.2%

Anxiety or 

depression

15.9%

Lack of social 

support

15.6%

TOP NON-IMAGING EXCLUSION CRITERIA
The main clinical reason for non-eligibility is the presence of cardiovascular disease! 
Adapted from Claus et al. 

Psychotropic or 

immune meds

20.4%

15%
OVERALL ELIGIBILITY ACROSS ALL DRUGS

In populations of MCI/early dementia participants, several 

studies have shown a global eligibility rate inferior to 15% 

across all FDA-approved drugs.

30%
FREQUENCY OF MRI EXCLUSION CRITERIA

The overall prevalence of MRI-based exclusion criteria 

approximate 30% in most studies, most frequently because 

of severe WMH or cortical infarction. 

THERAPEUTIC RESPONSE
Is the treatment working?  
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MEASURING DISEASE MODIFICATION − three pillars, two adjuncts

AMYLOID

CLINICAL

TAU
MRI FDG PET

AMYLOID BIOMARKERS

target engagement and removal of amyloid

CLINICAL METRICS

improvement of cognitive function and symptoms

TAU BIOMARKERS

downstream effects on tau proteinopathy

STRUCTURAL MRI

volumetric changes 

and adverse effects

FDG PET

changes in brain 

metabolism

CLINICAL METRICS   →    Slowing the Cognitive Decline

Translating scores into symptoms can be tricky!

The Minimally Clinically Important Difference (MCID) 

represents change that is noticeable to patients and 

caregivers. For instance, the MCID for the CBR-SB 

score used in early AD is estimated around 1-2 points 

and corresponds to the threshold that determines 

detectable change in clinical status. In lecanemab 

clinical trial, the difference between intervention and 

placebo equals 0.45 over 18 months. Although this 

reached significance, the clinical benefit is modest. 

LECANEMAB

-1.21
ADJUSTED MEAN CDR-SB CHANGE 
Slower rate of cognitive decline at 18 months 

in the phase 3 clinical trial CLARITY-AD, 

versus -1.66 for placebo (p < 0.001)
van Dyck et al. (2023) N Engl J Med 388(1): 9–21

2024
YEAR OF DISCONTINUATION
Contested efficacy, controversy around FDA 

approval, and restrictive Medicare coverage 

made aducanumab commercially unviable
Alkhalifa et al. (2025) J Pers Med 15(9)

ADUCANUMABDONANEMAB

22.3%
SLOWING OF DISEASE PROGRESSION
Based on iADRS reduction at 76 weeks, the 

primary outcome in the phase 3 clinical trial 

TRAILBLAZER-ALZ 2 (p < 0.001)
Sims et al. (2023) JAMA 330(6):512-527

2.17
CBR-SB DIFFERENCE AT 4 YEARS
Long-term analyses showed an even larger 

benefit of treatment when compared to the 

expected decline in the BioFINDER cohort 
Alzheimer’s Research UK. AAIC 2025.

LECANEMAB

Slower cognitive decline with donanemab vs. placebo

AMYLOID BIOMARKERS →    Engaging and Clearing the Target

LECANEMAB

-55.48
ADJUSTED MEAN CENTILOID CHANGE
Reduction in amyloid burden on amyloid PET 

at 18 months in CLARITY-AD, versus +3.64CL 

in the placebo group (p < 0.001)
van Dyck et al. (2023) N Engl J Med 388(1): 9–21

DONANEMAB

76.4%
PROPORTION OF AMYLOID CLEARANCE
Defined as < 24.1CL on amyloid PET in 

TRAILBLAZER-ALZ 2, measured at 76 weeks, 

versus 0.3% in the placebo group
Sims et al. (2023) JAMA 330(6):512-527

Faster decline in 

amyloid is observed in  

participants with lowest 

baseline amyloid burden. 

Lower cognitive score correlates with lower posttreatment amyloid Donanemab reduces amyloid compared to placebo
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TAU BIOMARKERS →    Acting Beyond the Plaques

Plasma biomarkers

While TRAILBLAZER-ALZ 

2 did not show a 

significant reduction in 

tau PET signal over 76 

weeks, there was a 

significant reduction in 

plasma marker p-tau217. 

DONANEMAB

34%
SLOWING OF OVERALL TAU LEVEL
Measured on forbetapir tau PET using 

adjusted change in SUVR relative to placebo 

in phase 2 clinical trial TRAILBLAZER-ALZ

(not confirmed  in phase 3 clinical trial)
Shcherbinin et al. (2022) JAMA Neurol 79(10): 1015–1024

LECANEMAB

18 MONTHS
TIME TO HALT TAU ACCUMULATION
From simulations with CLARITY AD tau PET 

data, stabilization of tau in medial temporal 

lobe regardless of baseline tau levels
Charil et al. (2024) Alzheimer's & Dementia 20(S6):e091956

Tau PET - a stratification tool? 

In subgroup analysis, TRAILBLAZER-ALZ 2 (donanemab) demonstrated 

an effect of baseline tau burden (assessed by 18F-flortaucipir PET) on 

cognitive trajectory. Patients with low/intermediate tau burden had a 

significantly slower cognitive decline compared to placebo, whereas 

treated patients with high tau burden did not. 

LOW/INTERMEDIATE TAU HIGH TAU

STRUCTURAL MRI →    The Paradox of Drug-Induced Volume Loss in Three Key Messages

↓  WHOLE BRAIN VOLUME ↑  VENTRICULAR VOLUME NO CHANGE IN HIPPOCAMPAL VOLUME
NOT STATISTICALLY SIGNIFICANT

1 REGION-SPECIFIC ATROPHY

Treatment with monoclonal 

antibodies is associated with a 

paradoxical volume loss, also called 

pseudo-atrophy, with reduced whole 

brain volume and increased 

ventricular volume; however, there is 

no change in hippocampal volume.

Figures adapted from Alves et al. (2023) Neurology 100(20): e2114–e2124

2 CORRELATION WITH ARIA

The magnitude of drug-induced 

volume loss (particularly 

ventricular enlargement) is 

correlated with the incidence of 

amyloid-related imaging 

abnormalities (ARIA); it is also 

more prevalent in ARIA-inducing 

monoclonal antibodies.

3 WHAT REMAINS TO BE EXPLORED…

➢ The exact mechanism of drug-induced volume loss: increased neurodegeneration 

vs. changes in CSF dynamics vs. plaque removal vs. inflammatory changes…

➢ The long-term consequences of drug-induced volume loss and the paradox with 

improved cognitive function, also observed in these patients.

➢ The underlying cause for regional specifiticy and sparing of the medial temporal 

region, typically affected in AD

➢ The potential predisposing factors for drug-induced volume loss, including the 

effects of age, sex, and APOE genotype.

MULTIMODAL INTEGRATION  −  the broader picture of therapeutic response

✓
• Amyloid clears, tau stabilizes, metabolism is preserved, brain volume is stable

• Ideal outcome from treatment! 

~

✗
• Amyloid clears but tau progresses

• Neurodegeneration is too advanced and there is limited clinical benefit

• Amyloid clears but there is accelerated volume loss

• Described in clinical trials, probably not true degeneration: needs follow-up

~
• Clinical improvement is present, but no imaging changes

• Rare outcome, but documented

✗
• Imaging improvement without clinical changes

• Target engagement but no cognitive improvement = the problem with aducanumab!
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MONITORING FOR ARIA
Is the brain tolerating treatment?

AMYLOID-RELATED IMAGING ABNORMALITIES  −  better known as ARIA

Class-specific adverse events of amyloid-targeting monoclonal antibodies

MRI-defined entity first described in 2009 - with bapineuzumab

THE MOST FREQUENT FREQUENT OCCASIONAL RARE

Asymptomatic! Headache

Confusion

Dizziness

Nausea/vomiting

Neuropsychiatric symptoms

Fatigue

Visual disturbance

Gait disturbance

Encaphalopathy

Focal neurological deficit

Seizures

Coma

Death

Clinical manifestations

ARIA-E ARIA with edema

ARIA-H ARIA with hemorrhage

Two different forms exist − may occur concurrently

FACTS & FIGURES

12.6%
versus 1.7% for placebo
CLARITY AD

LECANEMAB

24.0%
versus 2.1% for placebo
TRAILBLAZER-ALZ 2

DONANEMAB

35.0%
versus 2.0% for placebo
EMERGE (high-dose)

ADUCANUMAB

17.3%
versus 9.0% for placebo
CLARITY AD

LECANEMAB

31.4%
versus 13.6% for placebo
TRAILBLAZER-ALZ 2

DONANEMAB

20%
versus 7.0% for placebo
EMERGE (high-dose)

ADUCANUMAB

ARIA-E Incidence Rates ARIA-H Incidence Rates

Adapted from Zimmer et al. (2025) JAMA Neurol.;82(5):461-469 (secondary analysis of TRAILBLAZER-ALZ and TRAILBLAZER-ALZ 2)

4 MONTHS

80% of cases of ARIA-E are resolved 
CLARITY AD (lecanemab)

9.1%
isolated forms of ARIA-H
CLARITY AD CORE + OLE (lecanemab)

92%
ARIA-E detected within the 

first 6 months of treatment
CLARITY AD (lecanemab)

COGNITION
ARIA does not affect cognitive outcomes
CLARITY AD (lecanemab)
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RISK FACTORS FOR ARIA + POTENTIAL PREDICTORS Aβ 
Increased amyloid 

burden (CSF or PET)
TAU

Increased tau 

burden (CSF or PET)
MRI

Greater volume loss or 

ventricular enlargement

Higher risk with monoclonal antibodies 

that target Aβ fibrils versus soluble Aβ 

MOLECULAR TARGET

Higher risk in APOE ε4 carriers, particularly 

homozygous − also a risk factor for CAA

APOE ε4 GENOTYPE

Higher risk with cardiovascular disease, 

hypertension, and use of anticoagulants

CLINICAL FACTORS

Higher risk with pre-existing 

microhemorrhages and superficial 

siderosis, and high WMH burden

BASELINE MRI

Severe white matter hyperintensities 

on T2 FLAIR (grade Fazekas 3): 

contraindication for monoclonal 

antibodies due to high risk of ARIA

Meta-analysis of risk factors for ARIA-E2 ARIA-E incidence by APOE4 genotype1

Incidence of ARIA with antithrombotic and anticoagulants2

1Filippi et al. (2022) JAMA Neurol 79(3): 291–304; 2Zimmer et al. (2025) JAMA Neurology 82(5): 461–469

PRIMARY MRI FEATURES
ARIA-E ARIA-H

Parenchymal edema

Vasogenic edema in the 

brain parenchyma from 

leakage of intravascular fluid 

and proteins into the 

interstitial compartment

Sulcal effusion

Leakage or effusions of 

proteinaceous fluid from 

meningeal vessels resulting 

in sulcal hyperintensities. 

Microhemorrhage

Round-shaped hemosiderin 

deposits typically ≤ 10 mm in 

diameter and often located 

near the grey-white junction

Superficial siderosis

Curvilinear hemosiderin 

deposition along the 

leptomeninges following the 

surface of the cortex

Macrohemorrhage

Rare lobar hemorrhage 

can occur - defined as > 

10 mm

RADIOGRAPHIC SEVERITY GRADING SCALE

- # -

Mild 1 location < 5 cm

Moderate
EITHER 1 location 5-10 cm  

OR > 1 location each < 10 cm

Severe ≥ 1 location > 10 cm

New sulcal or parenchymal T2 FLAIR hyperintensity

ARIA-E

Mild ≤4 microhemorrhages

Moderate 5-9 microhemorrhages

Severe ≥10 microhemorrhages

Mild 1 focal area

Moderate 2 focal areas

Severe >2 focal areas

New microhemorrhages New superficial siderosis

ARIA-H

• Variability of T2 FLAIR sequences (e.g., 2D vs. 3D)

• Potential presence of shading artifacts

• Poor identification on standard T2-weighted imaging

• Higher sensitivity of SWI vs. T2* GRE in detecting microhemorrhages

• Potential presence of susceptibility artifacts (e.g., metal implants)

• Lower field strength less sensitive to hemorrhagic changes

Interpretation pitfalls Interpretation pitfalls
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MILD ARIA-E

Focal sulcal effusion 
1 location < 5 cm

MODERATE ARIA-E

Bilateral sulcal effusion 
> 1 location

MULTIPLE STAGES OF ARIA-E

MULTIPLE STAGES OF ARIA-E

SEVERE ARIA-E

Bilateral, large areas of parenchymal edema
≥ 1 location and > 10 cm

Images reproduced from Jeong al. (2024) Korean J Radiol 25(8): 726–741

ANOTHER CASE OF ISOLATED ARIA-E
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SUPERFICIAL SIDEROSIS IN ARIA-H

MICROHEMORRHAGES IN ARIA-H

Images reproduced from Jeong al. (2024) Korean J Radiol 25(8): 726–741

Focal superficial siderosis on T2* GRE Sulcal effusion on T2 FLAIR

MIXED CASE OF ARIA-E AND ARIA-H
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DIFFERENTIAL DIAGNOSIS

*Images reproduced from Agarwal et al. (2023) Radiographics 43(9): e230009

Advanced cerebral amyloid angiopathy with 

inflammatory changes (CAA-RI), characterized by 

numerous peripheral microhemoorhages on SWI 

(left image) and cortico-subcortical edema on T2 

FLAIR (right image). This entity is indistinguishable 

from ARIA without the clinical history!*

Right insular ischemic stroke 

with T2 FLAIR hyperintensity
CAA showing multiple 

microbleeds on SWI

Hypertensive angiopathy 

showing central microbleeds*

Posterior reversible encephalopathy 

syndrome (PRES) with extensive 

bilateral occipital cortical-subcortical 

edema*

MRI PROTOCOL

3T recommended

Higher field strengths have greater 

sensitivity to ARIA; 1.5T is accepted 

as a minimal standard. 

Slice thickness ≤ 5 mm

Thin slices result in an increase of 

spatial resolution but may result in 

lower signal-to-noise ratio. 

TE ≥ 20 ms for T2* GRE

Longer TE for T2* gradient echo 

imaging results in higher sensitivity to 

microbleeds; use ≥ 30 ms at 1.5T.

SWI versus 2D T2* GRE

ARIA-H (microhemorrhages and 

superficial siderosis) is best detected 

with SWI compared to T2* GRE.

T2 FLAIR

Indispensable pulse sequence to 

detect ARIA-E; note that conventional 

T2WI is often insufficient.

Include DWI

Diffusion-weighted imaging is crucial 

for the differential diagnosis with 

acute ischemic stroke.

SYNTHESIS & TAKEAWAYS
Don’t leave just yet. 
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CHECKLIST FOR THE RADIOLOGIST

THE KEY 
TO SELECTION

Amyloid PET plays a 
key role in determining 

eligibility for treatment with 
amyloid-targeting monoclonal 
antibodies by demonstrating 

the presence of amyloid 
burden

MRI RULES

Baseline structural MRI is a 
decisive technique that can 

rule out risk factors and define 
ineligibility of patients with 
high-grade WMH, lacunar 

infarcts, stroke, or 
microbleeds

WATCH FOR ARIA

Close imaging follow-up is 
warranted to search for ARIA, a 

MRI-defined complication of 
monoclonal antibodies, resulting 

from fluid and blood products 
leakage through cerebral

microvessels

DONANEMAB 
AND LECANEMAB

The only FDA-approved 
and commercialized 

monoclonal antibodies 
targeting amyloid

in 2026

TAU PET

A marker of disease 
severity at baseline that 

can help predict response 
to treatment

ARIA-E

Sulcal effusions and 
parenchymal vasogenic 

edema are the hallmarks 
of ARIA-E, shown as 

hyperintensities 
on T2 FLAIR

ARIA-H

Microhemorrhages and 
superficial siderosis 

visible on T2* GRE and 
SWI as hypointensities 
with blooming artifact

AT(N)

The three 
hallmarks 

of AD

< 15%

The real-world eligibility of 
monoclonal antibodies is 

low due to numerous 
excluding factors and 

strict eligibility 
criteria

APOE ε4

One of the strongest risk 
factor for ARIA is the  

APOE ε4 genotype, with 
the highest risk observed 

in homozygous 
individuals

MORE 
THAN 75% 

Rate of brain amyloid 
clearance with donanemab, 

demonstrating a strong 
target engagement

VOLUME LOSS

Drug-induced brain
volume loss is observed 

in treated patients, 
but it seems to spare the 

hippocampus

20%

Average 
incidence of 

ARIA

THREE ROLES FOR RADIOLOGISTS  −  neuroimaging in the era of amyloid-targeting therapy

1
PATIENT 

SELECTION

3
MONITORING 

FOR ARIA

2
THERAPEUTIC 

RESPONSE

Determine which 

patient are candidates 

for amyloid-targeting 

immunotherapies. Evaluate the effects of those 

therapies at imaging using 

validated biomarkers. 

Follow the treated patients 

with MRI to screen for 

amyloid-related imaging 

abnormalities (ARIA).

REFERENCES & MORE
The papers behind the slides. And more. 
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THE READING LIST YOU ACTUALLY WANT − and the key to the alphabet soup

https://bit.ly/4mDQZvk

THANK YOU!

Neuroimaging in Alzheimer’s 
Disease and Related 
Dementias

University of Wisconsin-Madison, School of Public Health and Medicine

Department of Radiology

Laura B. Eisenmenger, MD
leisenmenger@uwhealth.org

Thank you to Drs. Asthana, Johnson, Carlsson, Bendlin, Rowley...
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