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REVIEW ARTICLE

Alzheimer Disease Anti-Amyloid Immunotherapies: Imaging
Recommendations and Practice Considerations for

Monitoring of Amyloid-Related Imaging Abnormalities
Petrice M. Cogswell, Trevor J. Andrews, Jerome A. Barakos, Frederik Barkhof, Suzie Bash, Marc Daniel Benayoun,

Gloria C. Chiang, Ana M. Franceschi, Clifford R. Jack Jr., Jay J. Pillai, Tina Young Poussaint, Cyrus A. Raji,
Vijay K. Ramanan, Jody Tanabe, Lawrence Tanenbaum, Christopher T. Whitlow, Fang F. Yu, Greg Zaharchuk,

Michael Zeinah, Tammie S. Benzinger,
for the ASNR Alzheimer, ARIA, and Dementia Study Group

ABSTRACT

SUMMARY:With full FDA approval and Centers for Medicare & Medicaid Services coverage of lecanemab and donanemab, a grow-
ing number of practices are offering anti-amyloid immunotherapy to appropriate patients with cognitive impairment or mild
dementia due to amyloid-positive Alzheimer disease. The goal of this article is to provide updated practical considerations for radi-
ologists, including implementation of MR imaging protocols, workflows, and reporting and communication practices relevant to
anti-amyloid immunotherapy and monitoring for amyloid-related imaging abnormalities (ARIA). On the basis of consensus discussion
within an expanded American Society of Neuroradiology (ASNR) Alzheimer, ARIA, and Dementia Study Group, our purpose is the
following: 1) summarize the FDA guidelines for the evaluation of radiographic ARIA; 2) review the 3 key MRI sequences for ARIA
monitoring and standardized imaging protocols on the basis of ASNR-industry collaborations; 3) provide imaging recommendations
for 3 key patient scenarios; 4) highlight the role of the radiologist in the care team for this population; 5) discuss implementation
of MRI protocols to detect ARIA in diverse practice settings; and 6) present the results of the 2023 ASNR international neuroradiol-
ogist practice survey on dementia and ARIA imaging.

ABBREVIATIONS: AD ¼ Alzheimer disease; APOE ¼ apolipoprotein-E; ARIA ¼ amyloid-related imaging abnormalities; ASNR ¼ American Society of
Neuroradiology; CMS ¼ Centers for Medicare & Medicaid Services; GRE ¼ gradient-recalled echo

Monoclonal antibody therapies are becoming widespread in
clinical practice, treating neurologic diseases ranging from

cancer to MS and now Alzheimer disease (AD).1-3 In AD, treat-
ment with anti-amyloid immunotherapy may be associated with
radiographic findings resembling cerebral amyloid angiopathy–
related inflammation and has been termed amyloid-related imaging

abnormality (ARIA).4-12 ARIA is hypothesized to arise from the
removal of amyloid deposits from and alongside cerebral
arteries, resulting in vessel leakage and potentially provoking an
immune response that can continue for weeks to months, even
after cessation of anti-amyloid immunotherapy.13,14

The 2 types of ARIA are ARIA-E, in which -E stands for vaso-
genic edema and sulcal effusions, and ARIA-H, in which -H
stands for hemorrhage and includes microhemorrhages and su-
perficial siderosis that, in rare cases, may be associated with intra-
parenchymal hemorrhage and intraventricular hemorrhage. ARIA
is a common adverse effect of anti-amyloid immunotherapy for
AD, occurring in approximately 10%–30% of all participants
treated in clinical trials of aducanumab, lecanemab, and dona-
nemab.6,9,11,12 The data from those trials suggest that 74%–97%
of ARIA is asymptomatic (ie, is detected on routine monitoring).
It is rare for ARIA to present with neurologic symptoms, but
when it does, symptoms can include headache, confusion, dizzi-
ness, visual changes, or praxis difficulties.8,9,11,15,16 Differentiation
of symptomatic ARIA from stroke is a critical concern, because
misdiagnosis and treatment with thrombolytics can potentially
result in fatal intracranial hemorrhage.17

The primary known risk factor for ARIA is apolipoprotein-E
(APOE) «4 genotype carrier status, which is also associated with
an increased risk of cerebral amyloid angiopathy, due to increased
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vascular amyloid deposits in APOE «4 carriers.13 The effect of
APOE «4 on ARIA risk is dose-dependent, with APOE «4 homo-
zygous individuals displaying the highest risk. Baseline (pretreat-
ment) microhemorrhages are also predictive of future ARIA-H,
and patients with $5 baseline microhemorrhages were excluded
from recent clinical trials using anti-amyloid immunothera-
pies.8,11,18 The second major risk factor for ARIA is drug dose.
Finally, the risk of ARIA is associated with treatment duration.
Patients are at greatest risk of developing ARIA during the first
few months of treatment, when vessel wall amyloid is being
mobilized.13 For these reasons, gradually increasing doses to
reach a therapeutic dose level has been proposed to reduce ARIA
incidence. Multiple noncontrast brain MRI scans are recommended
to monitor ARIA, especially during treatment initiation.

The US FDA has adopted a standard radiographic classifica-
tion for ARIA (Fig 1), following the classification systems used in

clinical trials for anti-amyloid immunotherapies. The Alzheimer
Disease and Related Disorders Therapeutic Workgroup (American
Neurologic Association) has published a white paper recommend-
ing that anti-amyloid immunotherapy be paused for moderate
ARIA-E or ARIA-H (even if asymptomatic) and discontinued for
severe ARIA-H.19,20 Given these serious patient care implica-
tions, the potentially numerous MR imaging sessions needed,
and the prevalence of patients with AD who may be treated, it is
important for radiology practices to be prepared to perform,
interpret, and communicate findings of these MRI examinations
reliably, meaningfully, and in a timely manner.

With ongoing studies and approval, AD therapeutics are
becoming widely available in the community. As radiology prac-
tices prepare to provide care for these patients, many are seeking
additional resources and guidance to optimize imaging proto-
cols and workflows and to feasibly translate experience from

clinical trials into clinical practice.
This review article builds on our prior
article, “Amyloid-Related Imaging
Abnormalities with Emerging Alzh-
eimer Disease Therapeutics: Detection
and Reporting Recommendations for
Clinical Practice.”21 The primary aim is
to provide updated practical considera-
tions for implementation of MR imag-
ing protocols, workflows, and reporting
and communication practices, on the
basis of consensus discussion within
an expanded American Society of
Neuroradiology (ASNR) Alzheimer
and Dementia Study Group, repre-
senting a broad scope of neuroradiol-
ogy practice settings and locations.

ROLE OF THE RADIOLOGIST IN
THE PATIENT CARE CYCLE
With the full FDA approval and
Centers for Medicare & Medicaid
Services (CMS) coverage of lecanemab
and donanemab, anti-amyloid immu-
notherapy is now a realistic option for
appropriate patients with mild cogni-
tive impairment or early dementia due
to amyloid-positive AD. Amyloid posi-
tivity can be determined by amyloid
PET, as performed in the lecanemab
Phase III trial;11 CSF biomarkers, as is
most common in clinical practice;22

and plasma biomarkers, which are an
emerging clinical option.23 The need
to evaluate amyloid status, evaluate for
exclusionary MRI findings at baseline,
and perform safety monitoring has
resulted in an increase in radiology
services, including MRI scans and flu-
oroscopic-guided lumbar punctures.
The recently updated CMS payment

FIG 1. ARIA radiographic severity score. ARIA-E, ARIA-H microhemorrhages, and ARIAI-H su-
perficial siderosis are graded separately on the basis of treatment-emergent imaging findings.
Any new, transient edema/sulcal effusion and new microhemorrhages or siderosis that occur
while on treatment constitute ARIA. For ARIA-E, the size indicates the greatest extent of contigu-
ous signal abnormality/gyral swelling measured in any dimension. Mild ARIA-E: new postdosing
left parietal parenchymal edema measuring less than 5 cm (line); Moderate ARIA-E: new edema
and gyral swelling in the right temporal-occipital lobes measuring 5–10 cm (line); and Severe
ARIA-E: new edema and gyral swelling involving the left temporal-occipital lobes measuring
greater 10 cm in greatest dimension. Mild ARIA-H microhemorrhages: one right occipital
treatment-emergent microhemorrhage (arrow); Moderate ARIA-H: 6 scattered treatment-
emergent microhemorrhages (arrows); and Severe ARIA-H: more than 10 treatment-emergent
microhemorrhages clustered in the left occipital lobe (oval). Mild ARIA-H superficial siderosis:
one right occipital region of treatment-emergent siderosis (oval); Moderate ARIA-H: 2 regions
of siderosis (left sylvian fissure and left occipital, ovals); and Severe ARIA-H: 3 regions of siderosis
(bilateral frontal and central sulcus, ovals). Some images courtesy of Dominantly Inherited
Alzheimer’s Network (DIAN).
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decision for amyloid PET, removing the requirement to be part
of a clinical research study, will also likely increase the demand
for amyloid PET imaging. The increased volume of MRI scans
reflects a combination of baseline/enrollment scans to confirm eli-
gibility for therapy based on several features, routine examinations
to monitor for ARIA, examinations to follow-up documented
ARIA, and imaging of symptomatic patients, with at least 4 MRI
scans per patient anticipated in the first year of treatment.

The increase in scan volumes is expected to be widespread
across academic and private practices, though it may vary on the
basis of the local patient and provider population. Estimates of
the number of patients who will undergo evaluation and treat-
ment in a region and the projected increase in MRI scan volume
may help facilities gauge their ability to accommodate the
increased imaging demands for this patient population. Some
practices have found that their projections may represent overes-
timates, given variable access to upstream elements in the care
pathway (ie, referral to a neurologist) and other factors (eg, medi-
cal comorbidities, patient preferences). For example, in a recent
study of participants with mild AD in a population-based sample,
only 5%–8% of participants met the eligibility criteria for the adu-
canumab and lecanemab trials.24 Despite the limitations of pro-
jections, it is anticipated that with drug availability and patient
interest, there could be large numbers of patients seeking to be
evaluated for treatment. Each practice must decide how they will
manage and triage these requests, which could easily overwhelm
existing radiology capacities and workflows without careful
planning. Close communication among referring providers,
radiologists, and hospital administrations will aid in prepara-
tion. In this article, we provide recommendations for efficient
and effective imaging of these patients, which can help accom-
modate the increased volumes.

IMAGING WORKFLOWS: 3 KEY PATIENT SCENARIOS
There are several aspects of radiology workflows that will benefit
from advanced planning and consideration regarding AD
therapeutics. We will discuss general considerations as well
as those specific to 3 patient scenarios: 1) baseline dementia
diagnosis/treatment enrollment evaluation, 2) asymptomatic
ARIA monitoring, and 3) evaluation of the symptomatic patient
on anti-amyloid immunotherapy. The applicability of these
considerations to each practice will vary with the size of the
practice, the ability to perform subspecialized examinations,
and the diversity of the MRI scanners available.

Timing of MRI Scans
Each patient requires an MRI before the initiation of treatment to
evaluate exclusionary findings and provide a baseline for future
comparison. Appropriate use criteria by the Alzheimer Disease
and Related Disorders Therapeutics Work Groups and the FDA
label for aducanumab recommend that the baseline MRI should
be performed within 1 year before enrollment.19,20,25,26 The leca-
nemab and donanemab FDA labels specify a “recent” brain MRI
before enrollment. We recommend that the baseline brain MRI
be ideally performed within 3–6months before enrollment, but a
brain MRI within 12months may be adequate if negative for
microhemorrhages, aligning with the lecanemab appropriate use

recommendations.19 The presence of 1–4 baseline microhemor-
rhages on a brain MRI performed 7–12months before initiating
therapy should trigger a repeat examination, because these
patients are of high risk for additional microhemorrhages.
Interval progression of these findings (more microhemorrhages)
may affect the patient’s treatment eligibility or, if not identified
pretreatment, may later be counted as ARIA-H. A repeat baseline
scan may also be indicated if the scan was not performed with a
dedicated dementia protocol (described below), including blood-
sensitive sequences of sufficient diagnostic quality to identify cer-
ebral microhemorrhages or siderosis. Therefore, poor-quality
brain MRIs, despite being within the 12 months before therapy
initiation, will often necessitate repeat baseline imaging, increas-
ing the burden on radiology departments.

During the first year of anti-amyloid immunotherapy, 3–4
routine noncontrast brain MRI scans for ARIA surveillance are
recommended. Patients should undergo routine monitoring
brain MRI at a minimum before the fifth, seventh, and 14th infu-
sions on the basis of the lecanemab FDA label and before the sec-
ond, third, fourth, and seventh infusions on the basis of the
donanemab FDA label.19,26 The exact schedule of MRI examina-
tions is likely to have some variability with different anti-amyloid
immunotherapies.20,25 We recommend that the referring pro-
vider schedule these monitoring examinations at a single imaging
center, if possible, to provide a consistent MRI examination for
comparison. The referring provider may also consider prospec-
tively scheduling all these examinations at the time of therapy
initiation to reduce ambiguity for patients and caregivers and
ensure that access to ongoing monitoring is established at the
outset. Patients who develop ARIA, whether symptomatic or
asymptomatic, will require additional monthly MRI scans until
resolution of ARIA-E and stabilization of ARIA-H.

After the first 6 months (14th infusion for lecanemab), ARIA
is infrequent (71% ARIA detected on the first 2 monitoring
MRIs)11 and the frequency of MRI monitoring examinations is
not clearly defined. The lecanemab appropriate use recommen-
dations suggest an additional MRI before the 26th infusion
(week 52).19 There are currently limited data on long-term ther-
apy and monitoring, and recommendations may evolve as further
experience is gained in clinical trials and clinical practice.

Patients who are on treatment and develop neurologic symp-
toms will require an additional brain MRI to evaluate for the
presence of ARIA, typically on an urgent or emergent basis. Note
that these patients may present to emergency departments with
stroke-like symptoms and could mistakenly be treated with
thrombolytics on the basis of the standard head CT performed
using stroke imaging protocols, which has been associated with at
least 1 fatality.17 Thus, the radiologist should have increased vigi-
lance when discussing findings on head CTs for patients on anti-
amyloid immunotherapies and provide recommendations for
further evaluation with MRI. Emergent MRI should be consid-
ered in patients for whom the differential includes acute stroke
versus ARIA and endovascular or, rarely, thrombolytic therapy is
being considered.27 If MRI is not available, ARIA-E must be in
the differential, with acute ischemia as the etiology for hypoden-
sity identified on head CT and as the etiology of the patient’s
symptoms. Outside the scenario of acute stroke management,
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urgent MRI should be considered to evaluate for ARIA in the
symptomatic patient on anti-amyloid immunotherapy. As with
other aspects of patient care, management of symptomatic
patients on therapy requires a coordinated approach among ra-
diology, neurology/treating providers, and emergency medicine.

3 Key MRI Sequences: ASNR ARIA Consensus Sequences
In all scenarios in which a patient on anti-amyloid immunother-
apy is imaged, the 3 critical sequences are T2* gradient-recalled
echo (GRE) (to evaluate for ARIA-H), 2D or 3D T2 FLAIR (to
evaluate for ARIA-E), and DWI (to differentiate ARIA-E from
acute ischemia). We will describe the rationale and details for
each of these sequences and how they may be incorporated into
specific imaging protocols.

1) ARIA-H Detection: T2* GRE versus SWI. In clinical trials,
ARIA-H detection has been performed using high-quality axial
T2* GRE sequences, and the existing ARIA-H severity scoring
systems are based on counts made using that sequence. Clinical
trials used a GRE rather than a SWI sequence, because there is
less variation in the imaging across scanners and vendors and
SWI is not available on all scanners. Specific details on the per-
formance of this T2* GRE are published in Cogswell et al,21

American Journal of Neuroradiology (AJNR) in 2022. The most
important of these is the TE, which should be 15–20 ms at 3T
and 25–35 ms at 1.5T. Our recommendation is unchanged:
Standardized axial T2* GRE with appropriate TE should be per-
formed in all scenarios for patients receiving anti-amyloid immuno-
therapy—baseline/enrollment, asymptomatic ARIA monitoring,
and evaluation of a patient on anti-amyloid immunotherapy pre-
senting with new neurologic symptoms.

Despite this recommendation, we acknowledge that other
heme-sensitive sequences may be used for ARIA-H assessment
and result in interpretation challenges. First, some practices are
planning to run both T2* GRE and SWI in all cases to aid inter-
pretation; obtaining both sequences may be helpful and feasible if
the time for acquisition does not interfere with patient schedul-
ing. When both sequences are obtained, we suggest that the
ARIA-H findings represent the integrated interpretation of all
available data (a single ARIA-H severity score for each microhe-
morrhage and siderosis based on information from both sequen-
ces). Because SWI is more sensitive than GRE for the detection of
heme products,28 the decision to include SWI should be made in
collaboration with referring physicians because this could result
in a more conservative treatment approach.

Second, invariably patients may present to facilities without
dedicated imaging protocols for ARIA detection and potentially
be scanned under protocols that use a fast, lower-quality T2*
GRE or SWI. As always, the radiologist should interpret the
images in the context of the entire examination, using additional
sequences and prior studies for comparison. The total number of
microhemorrhages or the degree of siderosis should represent the
radiologist’s best interpretation, using all available information;
referring providers will be less interested in the technique by
which microhemorrhage is detected and more interested in
change or stability. If the interpretation is potentially biased by
technical differences, it is important to clearly state this bias in

the report. This statement is the standard practice when inter-
preting any patient examination and is common in our assess-
ments of other patient populations such as those with MS or
brain metastases. Statements such as “but not new in retrospect”
or “likely unchanged, given differences in technique” may be
helpful. Similar to typical interpretations for studies of question-
able new metastases, suggestions for follow-up can be made in
equivocal cases.

2) ARIA-E Detection: T2-Weighted FLAIR. Clinical trials have
previously used 2D T2 FLAIR for ARIA-E detection. However,
3D T2 FLAIR is now standard in clinical protocols at some insti-
tutions. Our recommendation for T2 FLAIR imaging is
unchanged: We support the use of either 2D or 3D T2 FLAIR,
whichever can be routinely performed with high quality in the
practice. If 3D T2 FLAIR is implemented, multiplanar reforma-
tion in the axial plane is recommended to facilitate interpreta-
tions when comparing it with scans from other institutions that
may use an axial 2D acquisition. Given that 3D FLAIR sequences
are more immune to flow artifacts in the CSF that might be con-
fused with ARIA-E sulcal effusion,29 they may be preferred, espe-
cially for problem-solving.

3) Ischemia Detection: DWI. DWI is recommended to evaluate
acute ischemia and differentiate it from ARIA-E. If a practice
routinely performs DTI, providing and interpreting the DWI
trace images and ADC map is required, as is standard clinical
practice.

Imaging Protocols: 3 Patient Scenarios, 3 Key Sequences
For the baseline/enrollment examination, we recommend a non-
contrast brain MRI, including the ARIA consensus T2 FLAIR,
T2* GRE, and DWI as well as other standard sequences in the
practice’s dementia protocol (Table). For asymptomatic ARIA
monitoring, the protocol may be simplified to just the 3 ARIA
consensus sequences, which could be performed in an abbrevi-
ated imaging slot and allow greater access for patients if the MRI
scheduling is a bottleneck in the local care pathway. For sympto-
matic patients, in addition to ARIA, a full differential diagnosis
such as infarct, tumor/metastases, and infection must be consid-
ered; thus, the MRI protocol would be tailored on the basis of the
clinical presentation. Ideally, this protocol would also include the
3 ARIA consensus sequences.

Practices may choose to include additional sequences accord-
ing to their imaging capabilities and preferences and for prob-
lem-solving individual cases. For example, a T2 sequence may be
added to help troubleshoot indeterminate findings on T2 FLAIR
and GRE (eg, blood vessels) on a monitoring examination. Note,
postcontrast imaging is not recommended at baseline or in moni-
toring of asymptomatic patients, and its use may result in unwar-
ranted costs, patient risks, and extended examination durations.
However, for symptomatic presentations, contrast may be indi-
cated for fully evaluating the differential diagnosis on the basis of
the clinical presentations.

MRI Brain Orders
Because different protocols are recommended for each of the 3
patient scenarios described, obtaining the appropriate protocol
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may be facilitated by unique orders for each. Specific orders for
the baseline/enrollment evaluation, asymptomatic ARIA moni-
toring, and symptomatic patients receiving anti-amyloid immu-
notherapy may be considered and linked to distinct imaging
protocols and reporting templates.

For AD therapeutics baseline/enrollment evaluation, the order
may trigger the examination code MRI brain dementia without
IV contrast with the examination indication “AD therapeutics
enrollment.” Using the same imaging protocols for the indication
AD therapeutics enrollment and for the standard “dementia
evaluation” may reduce the need for repeat imaging at the time
of the baseline evaluation, before the initiation of anti-amyloid
immunotherapy.

An “AD therapeutics/ARIA monitoring” order may trigger an
examination code MRI brain without IV contrast with the indica-
tion “AD therapeutics monitoring.” For monitoring, an order
specific to AD therapeutics could serve to indicate that the dedi-
cated imaging protocol should be performed and, via examina-
tion indication, also alert the radiologist to the purpose of the
examination. Ideally, the date of treatment initiation should be
included in the clinical indication for each monitoring brain MRI
to facilitate appropriate comparison with the baseline and most
recent prior examinations.

For symptomatic patients on anti-amyloid immunotherapy,
the AD therapeutics/ARIA monitoring order may be used, with
additional sequences based on the clinical presentation. The ex-
amination indication will be particularly important when patients
on treatment are being evaluated for new symptoms, for which
the context of anti-amyloid immunotherapy is critical to distin-
guishing probable ARIA from radiologic mimics.

Field Strength
FDA labels do not specify a field strength for brain MRI examina-
tions to monitor for ARIA. Clinical trial imaging has been largely
performed at 3T, with imaging at 1.5T for a subset of sites and
patients, 1.5T being the lowest field strength used in trials. Use of
a lower field strength may result in underdiagnosis of ARIA-H
because the effects of the magnetic susceptibility are proportional

with field strength.28 Practitioners should be aware that micro-
hemorrhages may only variably be detected on lower-field-
strength scanners (eg, �0.5T or open scanners) and are not
visible on current ultra-low-field scanners (eg, 0.06T). In sum-
mary, our recommendation for scanner field strength in AD
therapeutics imaging is unchanged: 3T is recommended, 1.5T
and greater is adequate, and less than 1.5T is inadequate. To
increase the overall capacity and meet growing demand for
MRI, further research regarding the detection of ARIA with
lower field strengths would be helpful.

Standardization
Standardized imaging is important in ARIA evaluations because
it facilitates the use of standardized assessment and treatment cri-
teria and the ability to compare findings among serial MRI
examinations in an individual patient. Ideally, a patient would be
imaged with the same field strength, vendor, and scanner model,
using the same sequences and sequence parameters across serial
examinations (Fig 2). However, that level of consistency is typi-
cally not feasible in clinical practice, given that a patient may not
be imaged at the same imaging center across serial visits, and
even at a single imaging center, there may be a diverse assortment
of MRI scanners. Imaging using the same MR vendor is impor-
tant to prevent ARIA-E mimics due to the differential appearance
of white matter hyperintensities among vendors.21 Imaging at
the same field strength is more important for ARIA-H detec-
tion, given that the sensitivity for detecting heme products is
proportional with magnetic field strength. The use of harmon-
ized protocols (similar sequences and sequence parameters)
across the scanners in a practice would standardize evaluation
regardless of the scanner used.

To facilitate standardization, the ASNR has collaborated with
GE HealthCare, Philips Healthcare, and Siemens to create standar-
dized T2 FLAIR, T2* GRE, and DWI ARIA consensus protocols
that can be directly imported into scanners through established
vendor support. Each vendor has developed protocols based on
the above recommendations and those provided in the prior publi-
cation by Cogswell et al21 (eg, 2D slice thickness of 4 mm) and

Summary of recommendations based on 3 patient scenarios

Baseline/Enrollment Evaluation Asymptomatic Monitoring Symptomatic Patient on Therapy
Order MRI brain dementia without IV

contrast
(indication: AD therapy
enrollment)

MRI brain without IV contrast
(indication: AD therapy
monitoring)

MRI brain without (and with) IV
contrast

(indication: AD therapy, new
symptoms)

Protocol AD therapy enrollment AD therapy monitoring AD therapy monitoring
Minimum sequences 2D or 3D T2 FLAIR

GREa 6 SWI
DWI
3D T1
T2 FSE

2D or 3D T2 FLAIR
GREa 6 SWI
DWI

2D or 3D T2 FLAIR
GREa 6 SWI
DWI
6 additional sequences

Reporting template AD therapy enrollment AD therapy monitoring AD therapy monitoring
Key findings Microhemorrhages

Siderosis
White matter hyperintensities
Infarcts

ARIA-E (edema, effusion)
ARIA-H (new microhemorrhages,
siderosis)

ARIA-E
ARIA-H
Other acute findings

Recommended
communication

Standard reporting Mild ARIA: notification required
Moderate or severe ARIA:
closed-loop communication

a GRE must be performed with an appropriate T: 3T TE ¼ 15–20 ms, 1.5T TE ¼ 25–35 ms.
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harmonized the sequences across their collection of scanners. The
base protocol from each vendor includes a 2D T2 FLAIR, T2*
GRE, and DWI, which can be performed in,15minutes of gradi-
ent time. The following are provided as optional sequences: 3D T2
FLAIR (may be used in place of 2D T2 FLAIR), SWI (may be used
in addition to T2* GRE), and 3D T1. These protocols are posted
on the ASNRWeb site (https://www.asnr.org/education-resources/
alzheimers-webinar-series/) and will be available in the product
protocol trees. This harmonization is a major accomplishment for
standardization in patient care and should help to decrease vari-
ability of interpretation of ARIA.

INTERPRETATION AND REPORTING WORKFLOWS
Interpretation
Because ARIA is a new entity in the field of clinical imaging,
education and training are important to ensure accuracy and
consistency in reporting. Ongoing training and continuing med-
ical education are available through the ASNR (https://www.
asnr.org/education-resources/alzheimers-webinar-series/), the
American College of Radiology, the Alzheimer’s Association,
the Radiological Society of North America, pharmaceutical com-
panies, and during specialty meetings.

Comparison with prior examinations (baseline and most recent
prior) is necessary for ARIA assessment. Similar to other aspects of
the evaluation, the comparison with prior examinations will be
aided by the patient consistently receiving care in the same imaging
system. If such consistency of care is not possible, prior imaging
could be made available via a central patient registry, such as the

Alzheimer’s Network for Treatment and
Diagnostics (ALZ-NET) (alz-net.org).
Additionally, patients may be encour-
aged to obtain a copy of their baseline
(6 subsequent) MRI examinations and
have these studies available at monitor-
ing visits. If the radiologist does not
have a prior scan for comparison, a scan
with negative findings is conclusive (no
ARIA). However, accurate detection of
mild ARIA-E will be hindered, and if
microhemorrhages are present, an accu-
rate ARIA-H microhemorrhage severity
score would not be possible without
comparison with the baseline MRI.

Reporting
We recommend the use of a reporting
template (see Resources section at
https://www.asnr.org/education-resources/
alzheimers-webinar-series/), which will
guide the reader through reporting of
the relevant findings for baseline/enroll-
ment andmonitoringMRI examinations.
An example of the temporal evolution
of ARIA and sample ARIA reporting
are shown in Fig 3 and the Online
Supplemental Data.

FIG 3. Temporal evolution of ARIA and reporting. AD therapy enrollment (A and D). Axial T2
FLAIR shows mild white matter hyperintensities (incompletely imaged in slice shown) and no
infarcts (A). GRE shows one left occipital microhemorrhage (arrow) and no superficial siderosis
(D). AD therapy monitoring (B and E). T2 FLAIR shows new T2 hyperintense signal and edema in
the left-greater-than-right occipital white matter, measuring up to 3.6 cm in the greatest linear
dimension. On the basis of 2 regions of signal abnormality, this finding is moderate ARIA-E
(arrows, B). GRE shows a total of 13 new microhemorrhages (only some shown on this slice),
severe ARIA-H microhemorrhages, and no ARIA-H siderosis (oval, E). The patient was followed
with monthly MRIs until the resolution of ARIA-E and stabilization of ARIA-H, which occurred af-
ter 3months (C and F). T2 FLAIR shows resolution of occipital T2 signal abnormality and no new
FLAIR signal abnormality. No ARIA-E (C). GRE shows no new microhemorrhages. There is a total of
14 microhemorrhages, one unchanged from baseline, and 13 treatment-emergent. Unchanged
severe ARIA-H (oval, F). See the Online Supplemental Data for sample reports of these findings.
Images courtesy of Dominantly Inherited Alzheimer’s Network (DIAN).

FIG 2. Pyramid of MRI protocol standardization. Ideally, patients are
imaged using the same sequences and sequence parameters across
serial examinations, using the same field strength, vendor, and scan-
ner model. If a patient cannot be imaged on the same scanner
across serial examinations, radiologists must be aware of differences
that may affect the ARIA evaluation. Most important, at the pyra-
mid base, a standardized set of MRI sequences should be used. Next
in importance is the field strength, because sensitivity for heme
products varies proportionally. Third, a patient would ideally be
imaged using the same scanner vendor to prevent ARIA mimics on
the basis of the differential appearance of white matter hyperinten-
sities among vendors.
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For the baseline and enrollment MRI examination, the report
should include the relevant exclusionary findings. The American
Neurologic Association white paper recommends consideration of
the number of baseline microhemorrhages, regions of superficial
siderosis, number of lacunar infarcts and infarcts involving a
major vascular territory, and the extent of baseline white matter
hyperintensity, graded using the Fazekas scale.19,20,30 These can
be combined in a single section of the radiology findings, as in
the reporting templates.

For the ARIA monitoring examinations, the report must
include all relevant findings to arrive at an ARIA severity score:
treatment-emergent edema/sulcal effusion, cumulative numbers of
treatment-emergent microhemorrhages and regions of superficial
siderosis (Fig 1). These findings will be used along with clinical
symptoms to determine the patient’s eligibility for continued drug
dosing. In addition to the use of a reporting template, marking
findings on examinations is helpful. Findings may be marked
with an arrow or similar notation, labeled as “new” on the date
first identified and/or listed with image numbers in the report
to assist tracking across serial examinations. Clearly describing
the number of pre-existing and new ARIA findings will help
provide a total count; both may influence treatment decisions.
If the radiologist cannot adequately assess ARIA, for example,
due to patient motion or lack of or poor-quality GRE/SWI,
that information should be stated in the report. Inclusion of
standardized MRI sequences and reporting in the baseline and
ARIA monitoring MRI examinations will provide the details
needed for treatment decisions and can help to reduce the bur-
den on the clinical practice by decreasing the number of “sec-
ond reads” and repeat MRI examinations.

An example of a streamlined workflow integrating MRI
orders, protocols, and templates is as follows: A unique order-
able is created for both “AD therapy enrollment” (MRI brain de-
mentia without IV contrast) and “AD therapy monitoring”
(MRI brain without IV contrast). These orders specify a set of
scanners on which examinations should be scheduled and indi-
cate the appropriate imaging protocol. Finally, the use of a
unique orderable allows the appropriate reporting template (AD
therapy enrollment or AD therapy monitoring) to auto-popu-
late when the examination is opened for interpretation.

Communication
The radiologist will play an important role in the decisions to
enroll and maintain patients on treatment on the basis of relevant
MRI findings. Communication between ordering providers and
radiologists will be critical in all encounters, including baseline
assessment, asymptomatic monitoring, and during work-up of
symptoms, when the radiologist must entertain a broad differ-
ential diagnosis.

Nonroutine communication is recommended for findings of
ARIA. When there is mild ARIA, notification is required (eg, auto-
mated message or communication via an assistant). Moderate-to-
severe ARIA requires closed-loop urgent communication. This
communication is important because ARIA findings along with
clinical symptoms will be used to make treatment decisions, and
there may be a mismatch between radiographic severity and symp-
toms. Either can trigger further necessary action.

Computer-Aided Detection
Artificial intelligence computer-automated detection solutions are
in active development to aid neuroradiologists in ARIA reporting
through the development of quantitative ARIA monitoring
reports. The automated quantitative software may provide the
location and count of new microhemorrhages and superficial
siderosis (ARIA-H), as well as measure the greatest dimension
and volume of edema/sulcal effusions (ARIA-E). The reports
may provide longitudinal data across serial MRI scans and dis-
play criteria for grading ARIA as mild, moderate, or severe in
the correct clinical construct. The ability to directly insert
these findings into the radiologist’s dictation through an
automated “prepopulated reporting template” may facilitate
reporting. As always, these tools are considered an adjunct to
neuroradiologic interpretation.

PRACTICAL CONSIDERATIONS
Patient access to MRI at timely intervals for follow-up imaging
during treatment may be challenging at many sites if volumes
increase as projected. Many practices are already facing limited
MRI scanner slot availability due to pre-existing system overload
secondary to a combination of increasing volume from multiple
patient populations, a shortage of qualified MRI technologists to
staff examinations, and aging MRI systems. To increase capacity,
patients may receive ongoing infusions and MRI monitoring at a
center different from the one for their initial evaluation on the ba-
sis of availability. It is important that radiologists adopt standar-
dized acquisition and reporting protocols for MRI in this situation
to avoid miscommunication between providers and provide opti-
mal care for patients undergoing anti-amyloid immunotherapy,
regardless of the practice setting.

One approach to improving access to MRI is to reduce the
imaging time per patient, which may be achieved by limiting
the number of sequences acquired or reducing the time per
sequence. As discussed above, conventional brain imaging
protocols may be truncated to include only the most essential
sequences for ARIA assessment (T2 FLAIR, T2* GRE, and
DWI) (Table). To reduce sequence time, practices may con-
sider implementing accelerated MR imaging techniques, such
as compressed sensing and/or artificial intelligence–based
reconstructions.31,32

Another challenge practices will face will be how to handle
patients with special MRI requirements, such as claustrophobia,
cardiac implantable electronic devices, spinal stimulators, and
other implanted devices. These examinations typically necessitate
specialized imaging personnel such as an MR safety officer or
MR physicist safety expert to perform them safely and are not
easily applied to large populations. Therefore, per appropriate use
recommendations,27 patients unable to undergo a routine brain
MRI may be excluded from treatment. However, in practices
with the required resources, imaging and treatment of such
patients may be feasible, likely at 1.5T, provided the ability to
obtain emergent imaging in case of potential adverse effects is
clarified. In these cases, coordinated care among the referring
provider, patient, and radiologist will be needed to assess the risk
and benefit.
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INTEGRATED CARE
Coordinated care among multidisciplinary providers will be im-
portant to provide the best patient care and streamline evalua-
tion. In this article, we focused on the brain MRI, one of multiple
tests performed to evaluate patient eligibility for anti-amyloid
immunotherapy. In the setting of a coordinated evaluation, MRI
would best be performed early in the evaluation before amyloid
status assessment so that if there are exclusionary findings on
MRI, the more costly and/or invasive amyloid PET or lumbar
puncture may be avoided. Once the data are in hand, providers
must determine patient eligibility for treatment, which will
include integration of AD biomarker data, brain MRI findings,
and a clinical examination, among others. Multidisciplinary input
may be particularly valuable as providers begin to navigate the
application of the inclusion/exclusion criteria and appropriate
use recommendations in real-world clinical practice. The degree
to which such integration of care can be achieved will necessarily
vary across different centers, depending on availability of clinical
and imaging resources.

ASNR ARIA SURVEY RESULTS
In July 2023, a survey was sent to all ASNR members with the
goal of gauging the radiology community’s preparedness and
capacity to image patients receiving anti-amyloid immunothera-
pies. There was a total of 221 respondents, of whom, 154 (69.7%)
practiced in academic medical centers. Respondents reported
variable degrees of confidence in the ability to identify ARIA on a
brain MRI (Fig 4). Less than one-half of respondents (39.4%)
had specific MRI protocols in place for AD therapeutics imaging.

For the practices with protocols in place, most planned to use 3T
(90.2%) and 1.5T (70.7%) field strength scanners, and imaging
sequences included in the protocol varied among practices.
See the Online Supplemental Data and figures for the full sur-
vey results.

CONCLUSIONS
The advent of disease-modifying treatments for AD heralds a new
era of hope for patients with early dementia due to AD and those
with mild cognitive impairment and their families. Treatment
with anti-amyloid immunotherapy requires multiple brain MRIs.
To assist radiology practices with these new demands, we have
outlined 3 patient scenarios: baseline/enrollment, asymptomatic
ARIA monitoring, and the symptomatic patient on therapy. In
each of these 3 scenarios, it is important to obtain 3 key brain
MRI sequences (T2 FLAIR, T2* GRE, and DWI) that can be
implemented in a standardized fashion to improve access to
care and to standardize interpretation of results. In partner-
ship with industry, these are now available from each of the
major MRI vendors. We have also updated the prior ASNR
recommendations to specifically address questions regarding
workflows, reporting, communication of findings, specific patient
scenarios that may require individualized care, and future direc-
tions for research. These efforts address the most pressing needs
of the neuroradiology community, as indicated by our recent
survey. As we continue to gain experience and knowledge with
these therapies, we will share that information and update these
imaging recommendations with the community via future publi-
cations and webinars.

FIG 4. Selected results from the 2023 ASNR survey gauging practice readiness for AD therapeutics imaging. A, How confident are you in
your ability to identify ARIA on a brain MRI? B, Do you (your practice) have specific imaging protocols in place for AD therapeutics imaging?
C, At what field strengths will your practice perform AD therapeutics imaging? D, What sequences are included in your AD therapeutics
imaging protocol?
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