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INTRODUCTION

Recent advancements in Alzheimer’s disease (AD) 
treatment have focused on eliminating amyloid-beta (Aβ) 
plaques, which are a characteristic feature of the disease 
[1]. The current period is characterized by the development 
of monoclonal antibodies, including lecanemab and 
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Recent advancements in Alzheimer’s disease treatment have focused on the elimination of amyloid-beta (Aβ) plaque, a 
hallmark of the disease. Monoclonal antibodies such as lecanemab and donanemab can alter disease progression by binding to 
different forms of Aβ aggregates. However, these treatments raise concerns about adverse effects, particularly amyloid-related 
imaging abnormalities (ARIA). Careful assessment of safety, especially regarding ARIA, is crucial. ARIA results from treatment-
related disruption of vascular integrity and increased vascular permeability, leading to the leakage of proteinaceous fluid 
(ARIA-E) and heme products (ARIA-H). ARIA-E indicates treatment-induced edema or sulcal effusion, while ARIA-H indicates 
treatment-induced microhemorrhage or superficial siderosis. The minimum recommended magnetic resonance imaging sequences 
for ARIA assessment are T2-FLAIR, T2* gradient echo (GRE), and diffusion-weighted imaging (DWI). T2-FLAIR and T2* GRE are 
necessary to detect ARIA-E and ARIA-H, respectively. DWI plays a role in differentiating ARIA-E from acute to subacute infarcts. 
Physicians, including radiologists, must be familiar with the imaging features of ARIA, the appropriate imaging protocol for the 
ARIA workup, and the reporting of findings in clinical practice. This review aims to describe the clinical and imaging features of 
ARIA and suggest points for the timely detection and monitoring of ARIA in clinical practice.
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donanemab, which have shown the potential to alter 
disease progression [1]. Concerning target specificity, 
solanezumab, crenezumab, and other first-generation 
monoclonal antibodies primarily bind to amyloid monomers 
and soluble small aggregates; contrarily, second-generation 
antibodies such as aducanumab, lecanemab, donanemab, 
and gantenerumab have a higher binding affinity for 
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aducanumab has been shown to reduce Aβ-related and 
downstream biomarkers in patients with AD effectively [6]. 
However, its clinical efficacy has been controversial. The 
FDA conditionally approved aducanumab as the first anti-Aβ 
immunotherapy agent, stating that the substantial amyloid-
lowering effects were considered reasonably likely to confer 
a clinical benefit [7]. However, the development and 
commercialization of aducanumab have been discontinued, 
and the phase 4 ENVISION study was terminated. This 
decision was not due to efficacy or safety issues but rather 
to reallocate funding and focus on lecanemab, the second 
FDA-approved anti-Aβ immunotherapy agent.

Lecanemab is a humanized IgG1 monoclonal antibody 
that specifically targets Aβ protofibrils [8]. Its primary 
mechanism of action is to reduce pathogenic Aβ levels, 
inhibit Aβ deposition, and specifically diminish Aβ 
protofibrils in the brain and cerebrospinal fluid (CSF), as 
demonstrated in animal models of AD [9]. In the Clarity 
AD trial, lecanemab was shown to slow the progression of 
cognitive and functional decline in patients with early-
stage AD, with improvements in CSF and plasma biomarkers, 
including Aβ and phosphorylated tau, leading to subsequent 
full FDA approval [10]. The AHEAD 3-45 trial (NCT04468659) 
is also underway to determine the efficacy and safety of 
lecanemab in patients with preclinical AD. Considering the 
risk factors of ARIA, as explained later, the inclusion and 
exclusion criteria for the use of lecanemab were determined. 

pathogenic amyloid aggregates like oligomers, protofibrils, 
and fibrils [2]. Consequently, second-generation monoclonal 
antibodies demonstrate enhanced clinical efficacy and 
faster Aβ clearance than their first-generation counterparts 
[1]. However, this enhanced amyloid-beta clearance is 
accompanied by a greater risk of adverse effects, such as 
amyloid-related imaging abnormalities (ARIA), compared to 
first-generation monoclonal antibodies [3]. 

The advent of aducanumab, lecanemab, and donanemab 
represents a significant achievement in the treatment of 
AD. The primary concern is the potential occurrence of 
vascular side effects known as ARIA, including ARIA-E 
(edema or effusion) and ARIA-H (microhemorrhages and 
hemosiderosis) [4]. The safety profiles for ARIA should be 
navigated with caution. Further research is essential to 
ascertain the optimal application and long-term effects of 
these innovative therapeutic agents in the management of 
AD. This review aims to describe the clinical and imaging 
features of ARIA and suggest points for timely detection and 
monitoring of ARIA in clinical practice.

Anti-Amyloid Beta Monoclonal Antibodies for 
the Treatment of Alzheimer’s Disease

Aducanumab, a human-derived antibody, explicitly targets 
aggregated forms of Aβ that accumulate in the brain, 
including soluble oligomers and fibrils [5]. In clinical trials, 

Table 1. The clinically critical and relevant to radiologic criteria of Appropriate Use Recommendations of lecanemab

Criteria of Appropriate Use Recommendations of Lecanemab 
Clinical diagnosis of MCI or mild AD dementia
Positive amyloid PET or CSF studies
MMSE 22–30 or other cognitive screening instrument with a score compatible with early AD
Exclusion criteria:

A) ‌�Any medical, neurologic, or psychiatric condition that may be contributing to the cognitive impairment or any non-AD MCI or dementia
B) More than 4 microhemorrhages
C) A single macrohemorrhage >10 mm at the greatest diameter
D) An area of superficial siderosis
E) Evidence of vasogenic edema
F) More than 2 lacunar infarcts or a stroke involving a major vascular territory
G) Severe subcortical hyperintensities consistent with a Fazekas score of 3
H) Evidence of amyloid beta-related angiitis or CAA-related inflammation
I) Or other major intracranial pathology that may cause cognitive impairment
J) MRI evidence of a non-AD dementia
K) Patients on anticoagulants should not receive lecanemab; tPA should not be administered to individuals on lecanemab
L) ‌�Unstable medical conditions that may affect or be affected by lecanemab therapy, including mental illness, major depression, 

recent history of stroke, and coagulopathy

MCI = mild cognitive impairment, AD = Alzheimer’s disease, CSF = cerebrospinal fluid, MMSE = mini-mental state examination, CAA = 
cerebral amyloid angiopathy, tPA = tissue plasminogen activator
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Among the detailed items in the criteria of Appropriate Use 
Recommendations of lecanemab, the clinically critical and 
relevant radiologic criteria are shown in Table 1 [11]. 

Donanemab targets a particular variant of Aβ species, 
specifically a truncated and N-terminally modified 
pyroglutamate-3 Aβ epitope (N3pG). This precise 
targeting makes it possible to achieve more efficient 
removal and prevention of amyloid plaques, as N3pG Aβ is 
hypothesized to act as a seed for plaque deposition [12]. 
The TRAILBLAZER-ALZ2 trials indicated that donanemab 
successfully mitigated cognitive and functional deterioration 
in AD [13]. This approach could provide a novel avenue for 

the treatment of AD, specifically during its initial phases.

Basics of Amyloid-Related Imaging 
Abnormalities

Definition
In 2010, the Alzheimer’s Research Roundtable convened 

a workgroup to provide information and recommendations 
regarding imaging abnormalities encountered in anti-
amyloid trials [14]. This workgroup termed ARIA and 
refined the terminology: ARIA-E for edema or effusion and 
ARIA-H for microhemorrhages and hemosiderosis. ARIA-E 

Fig. 1. A 75-year-old male patient with mild cognitive impairment presented with transient ARIA-E during gantenerumab therapy. A, B: His 
baseline MRI shows a moderate degree of white matter hyperintensity. C, D: Nine weeks later, a surveillance MRI showed sulcal FLAIR with 
high signal intensity in the left parietal area, suggesting ARIA-E (arrows). The patient was asymptomatic. Since a single region and extent 
measuring less than 5 cm would be classified as mild, this was an asymptomatic and mild case, and the gantenerumab was continuously 
taken. At follow-up surveillance MRI after initial ARIA-E detection, it was completely resolved.
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refers to vasogenic edema in the brain parenchyma or sulcal 
effusions (Figs. 1-6). Vasogenic edema is visualized as an 
increased MR signal intensity on FLAIR sequences that 
is typically transient and is not associated with evidence 
of restricted diffusion, tissue necrosis, or other sequelae 
associated with cytotoxic edema. The term ‘ARIA-H’ refers 
to hemosiderin deposits presenting as microhemorrhages 
(hemorrhages <10 mm) in the brain parenchyma and/or 
localized superficial siderosis (located in the subarachnoid 
space) (Figs. 3, 5, 6). ARIA-H is detected using heme-
sensitive sequences, such as T2* gradient echo (GRE) and 
susceptibility-weighted imaging (SWI).

Pathophysiology of ARIA
ARIA is a phenomenon primarily diagnosed based on 

imaging, and its precise pathophysiological correlates 
remain partially understood. During AD, cerebral vascular 
structures evolve from normal to AD-like vascular pathology, 
which is associated with vascular amyloid deposition, 
disrupted vascular integrity, and impaired perivascular 
clearance pathways [15-17]. Age and the presence of 
the APOE-ε4 genotype may contribute to pre-existing 
amyloid vascular pathology states. It is hypothesized that 
when immunotherapy is initiated, monoclonal antibodies 
bind to accumulated Aβ in the cerebral parenchyma and 
cerebral vessels [18,19]. Bound monoclonal antibodies 
mobilize large amounts of amyloid through the perivascular 

Fig. 2. A 74-year-old female patient with mild cognitive impairment presented with severe ARIA-E during lecanemab (BAN-2401) therapy. 
A, B: Her baseline MRI shows a mild degree of white matter hyperintensity. C, D: Eight weeks later, she had a headache and confusion. 
MRI shows multifocal FLAIR high signal intensity parenchymal edema with swelling in the bilateral cerebral hemispheres, suggestive of 
ARIA-E (arrows). Multiple lesions with an extent measuring more than 10 cm were present and classified as severe. The lecanemab therapy 
was discontinued. The extent of ARIA-E gradually decreased on follow-up MRI and completely resolved at the follow-up surveillance MRI 
after the initial ARIA-E detection.
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Fig. 3. An 80-year-old female patient with mild cognitive impairment concurrently presented with both ARIA-E and ARIA-H during 
aducanumab therapy. She was an APOE-ε4 homozygote carrier. A-D: Her baseline MRI shows moderate white matter hyperintensity but 
no microbleeds. Five months later, she complained of a headache and confusion. E-H: Multifocal FLAIR high signal intensity edema in 
both cerebral hemispheres showed multiple microbleeds, suggestive of ARIA-E and ARIA-H on follow-up MRI. The MRI showed multifocal 
FLAIR high signal intensity edema (arrows in E, F) and multiple microbleeds (arrows in G, H) in both cerebral hemispheres, suggestive 
of ARIA-E and ARIA-H. She was discontinued from the lecanemab therapy, and her symptoms gradually resolved. Three months after the 
infusion suspension, ARIA-E was resolved, and ARIA-H was stabilized on a follow-up MRI.

drainage pathway [14,20]. The mobilization of amyloid 
plaques in blood vessels causes periarterial inflammation, 
resulting in swelling and microhemorrhages, which are 
detected on MRI. This mobilization of amyloid plaques 
and adjacent inflammation disrupt vascular integrity and 
increased vascular permeability, leading to the leakage of 
proteinaceous fluid (ARIA-E) and heme products (ARIA-H).

ARIA and cerebral amyloid angiopathy-related 
inflammation (CAA-ri) may share the exact pathophysiology. 
In the acute or subacute stage of CAA-ri, anti-Aβ 
autoantibodies in CSF are elevated and return to the typically 
observed level in patients with AD and noninflammatory 
CAA after clinicopathologic resolution [21,22]. Based on 
this evidence, ARIA-E resulting from immunotherapy in AD 
is increasingly recognized as an iatrogenic manifestation 
of CAA-ri, which is the spontaneous ARIA-E associated 
with increased CSF anti-Aβ autoantibodies occurring in 
both AD and CAA patients. Solopova et al. [23] reported an 
autopsy case of a fatal ARIA that occurred during lecanemab 
treatment of AD. The postmortem MRI and neuropathological 
features of severe ARIA were acute arteritis, resembling the 
sporadic condition of CAA-ri. Pathologically, the condition 

was associated with marked perivascular inflammation 
and arteriolar degeneration, leading to microhemorrhagic 
changes in both the parenchyma and leptomeninges. The 
inflammatory features include extensive macrophages and 
activated microglia in the leptomeninges, perivascular 
space, and parenchyma, which were associated with severe 
CAA [19,23]. A study by Piazza et al. [22] demonstrated a 
direct association between neuroinflammation and CAA-ri in 
patients with high CSF anti-Aβ antibody levels and microglial 
activation, as shown by 11C-PK11195 PET. 

Approximately half of the ARIA-E cases are accompanied 
by ARIA-H, primarily cortical microbleeds [24]. Similar to 
the case shown in Figure 3, microbleeds tend to persist 
or somewhat increase even after ARIA-E resolution. This 
may have implications for the possible pathomechanisms 
reminiscent of CAA.

Incidence of ARIA
Meta-analyses of clinical trials involving patients treated 

with anti-Aβ immunotherapy reported overall incidences of 
ARIA-E and ARIA-H at 6.5% and 7.8%, respectively [3]. In 
a subgroup analysis, the incidence of ARIA varied according 
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to the specific anti-Aβ immunotherapy agent and APOE-ε4 
carrier status [3]. A recent phase 3 clinical trial of lecanemab 
reported overall incidences of ARIA-E, ARIA-H, and any ARIA 
(including both APOE-ε4 allele carrier and non-carrier) as 
12.6%, 17.3%, and 21.5%, respectively [10]. For donanemab, 
the reported incidences of ARIA-E, ARIA-H, and any ARIA 
(including both APOE-ε4 allele carrier and non-carrier) were 
24.0%, 31.4%, and 36.8%, respectively [13]. 

Risk Factors of ARIA
Various risk factors of ARIA have been reported in clinical 

trials of anti-Aβ immunotherapy [6,14,25,26]. Commonly 
identified risk factors in clinical trials include drug 
exposure, APOE-ε4 allele carrier status, and pretreatment 
microhemorrhages [6,14,18,25]. Regarding drug exposure, 

ARIA occurs more frequently at higher drug doses and 
earlier in the treatment course of anti-Aβ immunotherapy. 
Higher drug doses and early treatment increase perivascular 
Aβ clearance, leading to greater vascular permeability and 
the extravasation of proteinaceous fluid and erythrocytes, 
resulting in ARIA-E and ARIA-H, respectively. Therefore, the 
risk of developing ARIA can be reduced if patients start at a 
low dose, with progressive titration to a higher therapeutic 
dose over time. This gradual adjustment period allows 
the cerebral vessels to smoothly undergo the transient 
process of structural integrity challenge caused by the 
removal of amyloid deposits. Consequently, this extended 
timeline enables the restoration of vascular integrity when 
the patient reaches higher treatment doses. Dose titration 
and escalation strategies have become commonplace in 

Fig. 4. A 69-year-old female patient presented with mild cognitive impairment and was treated with gantenerumab therapy. A, B: Her 
baseline MRI shows a mild degree of white matter hyperintensity. C, D: Seven months after the initiation of gantenerumab therapy, the 
patient had an episode of syncope, and the MRI showed multifocal sulcal FLAIR high-signal intensity in the right parietal lobe, suggesting 
ARIA-E (arrows). The case had two regions (arrows) with an extent measuring between 5 cm and 10 cm, classified as moderate. As a 
symptomatic and moderate case, the gantenerumab therapy was suspended. ARIA-E was resolved after suspending treatment for 1 month.
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Fig. 5. A 67-year-old male patient presented with mild cognitive impairment and was treated with lecanemab therapy. He was an 
APOE-ε4 homozygote carrier. A, B: His baseline MRI shows a mild degree of white matter hyperintensity and three microbleeds (arrow) 
in the left occipital lobe. Eleven months after initiation of the lecanemab therapy, the patient complained of a headache. C, D: MRI shows 
sulcal and parenchymal FLAIR high-signal intensity without diffusion restriction in the left occipital lobe, suggesting ARIA-E (arrows). A single 
region with an extent measuring between 5 cm and 10 cm was classified as moderate. As a symptomatic and moderate case, the lecanemab 
therapy was suspended. E: On follow-up MRI after suspending treatment for 2 months, ARIA-E was resolved. After the resolution of ARIA-E, 
the lecanemab treatment was resumed. F: Two months after the resumption of the therapy, a new sulcal and parenchymal FLAIR high-signal 
intensity (arrow) appeared in the right occipital lobe, and the patient permanently suspended the treatment.

A

C

E

B

D

F



733

ARIA in the Era of Anti-Amyloid Beta Monoclonal Antibodies

https://doi.org/10.3348/kjr.2024.0105kjronline.org

Fig. 6. A 68-year-old male patient presented with mild cognitive impairment and was treated with lecanemab therapy. He was an APOE-ε3/ε4 
heterozygote carrier. A, B: His baseline MRI shows no abnormalities except bilateral medial temporal lobe atrophy. C, D: On the surveillance 
MRI performed 6 months after the lecanemab therapy, there was focal sulcal FLAIR high-signal intensity effusion and superficial siderosis 
on gradient echo sequences in the left occipital lobe, suggestive of ARIA-E and ARIA-H (arrows). Both the sulcal effusion and superficial 
siderosis were single lesions with an extent less than 5 cm, classified as mild ARIA-E and ARIA-H. As an asymptomatic mild ARIA case, 
lecanemab therapy was continued. E, F: On a 1-month follow-up MRI after the ARIA event, the ARIA-E was resolved, and the ARIA-H (arrow) 
remained stable.

anti-amyloid monoclonal antibody treatment studies. For 
example, in the phase III trials of aducanumab, the rates of 
ARIA were lower in the dose-titration group compared to the 
non-titration group [10]. In addition, in phase III clinical 

trials of donanemab, most of the first ARIA cases occurred 
after receiving 1 to 3 donanemab infusions [13].

APOE-ε4 carrier status is the most significant risk factor 
for the development of ARIA besides drug dose. APOE-ε4 
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carriers will likely have higher amyloid deposition levels in 
their vessel walls. In various clinical trials, the incidence of 
ARIA was highest in homozygous APOE-ε4 carriers, followed 
by heterozygous carriers, and lowest in non-carriers. In 
the bapineuzumab studies, patients with the heterozygotes 
APOE-ε4 had a hazard ratio of 4.1 for developing ARIA-H, 
while with homozygotes APOE-ε4 alleles had a hazard ratio 
of 12.8 [27]. In lecanemab studies, the incidence of ARIA-H 
was increased with APOE-ε4 carrier status with the incidence 
of 39.0%, 14.0%, and 11.9% in homozygotes APOE-ε4, 
heterozygotes APOE-ε4, and non-carrier, respectively [10]. 
In a meta-analysis, the incidence of ARIA was also higher 
in the APOE-ε4 carrier group than that of the APOE-ε4 non-
carrier group (8.6% [3.9%–17.9%] vs. 6.9% [3.7%–12.5%]) 
[3]. Given this, increased risk for ARIA among individuals 
with homozygous APOE-ε4 status, APOE genotyping before 
the initiation of drug therapy could determine the frequency 
of safety monitoring evaluations in future treatment 
guidelines.

Patients with preexisting hemosiderin deposits, 
particularly lobar microhemorrhages and superficial siderosis 
indicative of underlying CAA, have a significantly higher risk 
of ARIA, especially in individuals carrying APOE-ε4 [4,28]. 
Many studies have shown that ARIA shares similarities with 
CAA-ri in imaging findings, pathology, and response to 
treatment outcomes [19,23]. ARIA-E induces the iatrogenic 
manifestations of CAA-ri. Pretreatment microhemorrhages, 
antibody binding sites, targeted antibody structures, 
and genetic factors promoting AD pathology, such as 
Down syndrome and PSEN1, PSEN2, and APP mutations, 
are suggested as risk factors [29]. In the aducanumab 
and lecanemab trials, patients with more than four 
microhemorrhages were excluded due to the increased risk 
of ARIA-E and ARIA-H levels [11,30].

Clinical Presentation of ARIA
Most cases of ARIA during anti-Aβ therapies tend to be 

asymptomatic. Symptomatic cases have been reported in 
6.1% to 39.3% of cases, depending on the different agents 
and therapeutic doses [10,13,23,31]. In a previous meta-
analysis, the pooled incidence of asymptomatic ARIA 
was 80.4% [3]. Most patients with symptomatic ARIA 
present with transient and mild, nonspecific symptoms. 
The most commonly reported symptoms are headache, 
confusion, vomiting, and visual or gait disturbance 
[10,13,14,18,23,31-33]. However, severe reactions, such 
as brain swelling, seizures, and death, have been reported 
with ARIA. In a lecanemab trial, 22.1% of patients who 
developed ARIA-E and 0.4% of patients who developed 
ARIA-H presented with symptoms [10].

Radiological Identification of ARIA

Radiologic Severity
In the management of ARIA, the symptoms and 

radiographic severity of ARIA determine whether treatment 
should be continued, modified, or suspended. Therefore, 
a quantitative and objective evaluation of the severity of 
ARIA is necessary. Attempts have been made to define 
severity scales that can guide physicians in determining 
dose adjustments or suspensions. Several radiological 
severity grading schemes have been proposed to quantify 
ARIA, including the Barkhof Grand Total Scale and the 3- 
and 5-point Severity Scales of ARIA-E (SSAE-3 and SSAE-5) 
[27,34,35].

The FDA guidelines define mild, moderate, and severe 
ARIA-E and ARIA-H (Table 2) [36]. The severity of ARIA-E 
depends on the location and extent of abnormalities. A 
FLAIR hyperintensity in a single location that is less than 
5 cm was graded as mild (Figs. 1, 6). FLAIR hyperintensity 
measurements between 5 and 10 cm, or those observed in 

Table 2. Radiographic severity of ARIA

ARIA type Mild Moderate Severe
ARIA-E FLAIR hyperintensity confined to 

sulcus and/or cortex/subcortex 
white matter in one location 
<5 cm

FLAIR hyperintensity 5 to 10 cm 
in single greatest dimension, or 
more than 1 site of involvement, 
each measuring <10 cm

FLAIR hyperintensity >10 cm with 
associated gyral swelling and 
sulcal effacement. One or more 
separate/independent sites of 
involvement may be noted

ARIA-H, microhemorrhage ≤4 new incident 
microhemorrhages

5 to 9 new incident 
microhemorrhages

10 or more new incident 
microhemorrhages

ARIA-H, superficial siderosis 1 focal area of superficial siderosis 2 focal areas of superficial siderosis >2 areas of superficial siderosis

ARIA = amyloid-related imaging abnormalities
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multiple locations, were graded as moderate (Figs. 4, 5). 
Any FLAIR hyperintensity greater than 10 cm was graded as 
severe (Figs. 2, 3). 

Regarding ARIA-H, severity was graded according to the 
number of microhemorrhages or focal areas of superficial 
siderosis. Fewer than four microhemorrhages or one area 
of superficial siderosis was graded as mild (Fig. 6), 5–9 
microhemorrhages or two regions of superficial siderosis as 
moderate, and more than ten microhemorrhages or more 
than two areas of superficial siderosis as severe (Fig. 3).

The Barkhof Grand Total Scale is a 60-point rating 
system that assesses the ARIA-E in six regions (frontal, 
parietal, occipital, temporal, central, and infratentorial) 
of the brain on both the left and right sides, yielding 
12 separate anatomic locations for evaluation. At each 
location, the lesions are characterized as parenchymal 
hyperintensity, sulcal hyperintensity, and swelling and then 
scored accordingly [35]. The SSAE-3 and SSAE-5 are simpler 
severity grading systems of ARIA-E, based on a single linear 
measurement of the largest area of the lesion (<5 cm, 5 to 
10 cm, or >10 cm) and multiplicity [37]. In a validation 
study, both the SSAE-3 and SSAE-5 are equally valid with 
good inter- and intra-reader agreement. However, in real 
clinical practice, the 5-point scale (SSAE-5) allows for more 
flexibility in treatment management and may be preferred 
for managing patients with small multi-focal ARIA-E 
presentations [38].

MRI Protocol 
The Alzheimer’s Association Research Roundtable working 

group suggested a minimum standard MRI protocol [14], 
which can be implemented in a wide variety of care settings, 
particularly in an average community-based setting, as 
follows: 1) Scanner field strength: the use of 1.5T scanners 
is endorsed as a minimum standard, 2) Scan sequences: 
Two-dimensional (2D) T2* GRE to identify ARIA-H is 
presently available on any scanner worldwide and is 
recommended, 3) Slice thickness of 5 mm or less, 4) echo 
time (TE) = 20 ms or greater, and 5) T2 FLAIR sequence for 
the identification of ARIA-E (Table 3) [14].

The minimum recommended sequences for ARIA 
assessment are T2-FLAIR, T2* GRE, and DWI. T2-FLAIR 
imaging is necessary for ARIA-E detection. 2D axial FLAIR 
or 3D FLAIR can be performed using reliable, reproducible 
techniques that can be used in clinical practice. The 2D 
axial T2-FLAIR imaging has been performed in early clinical 
trials. Over the past decade, 3D FLAIR imaging has been 

shown to have the advantages of improved CSF suppression 
and increased sensitivity for parenchymal edema, and it has 
become more widely performed [39,40]. Therefore, 3D FLAIR 
may be preferred if feasible and can be performed routinely 
with high quality and standardization. 

T2* sequences are required for ARIA-H assessment. 
Theoretically, the SWI sequence, which is more sensitive 
to local field inhomogeneities (hemorrhages) than the 
T2* sequence, is ideal for the detection and evaluation of 
ARIA-H. However, in real-world clinical practice, diverse MR 
vendors and the unavailability of uniform sequences across 
institutions should be considered. Additionally, since the 
current guidelines for anti-Aβ immunotherapy agents do not 
specify the number of microbleeds based on SWI sequence, 
future research to clarify these standards is necessary. 
Until a uniform standard for a GRE scan is established, it is 
important to ensure consistency and matching of the T2* 
sequence of baseline and follow-up MRI monitoring.

The DWI sequence plays an important role in differentiating 
ARIA-E from potential cytotoxic edema, as may be noted with 
an incidental acute-to-subacute infarct (Fig. 5). Therefore, 
DWI is recommended as a routine protocol. 

In treatment with aducanumab, lecanemab, or donanemab, 
acceleration of brain volume loss has been reported, which 
is attributed to amyloid removal [41-43]. Therefore, 3D 
T1-weighted anatomical imaging is recommended for 

Table 3. MRI protocol for ARIA

Component MRI protocol
Scanner field strength 1.5T (minimum) or 3T (recommended)
Slice thickness ≤5 mm
Echo time ≥20 ms
Scan time ≤15 min (recommended)
Imaging sequence T2-FLAIR (2D or 3D): For ARIA-E (vasogenic 

edema in the parenchyma, effusion and 
exudate in the leptomeninges)

T2* GRE (or SWI)*: For ARIA-H 
(microhemorrhage in the parenchyma, 
superficial siderosis in the leptomeninges)

Diffusion-weighted imaging: For the 
differential diagnosis of cytotoxic edema 
including acute infarction

3D T1-imaging (optional): For the 
assessment of brain atrophy and disease 
progression 

*The sequence of the baseline and follow up monitoring MRI (T2* 
GRE or SWI) should be consistent and matching. 
ARIA = amyloid-related imaging abnormalities, D = dimensional, 
GRE = gradient echo, SWI = susceptibility-weighted imaging
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evaluating brain volume.

Baseline (Pretreatment) MRI
Before initiation of anti-Aβ immunotherapy, brain MRI 

with standardized basic sequences (T2-FLAIR, T2* GRE, 
DWI) is required to evaluate the patient for pre-existing 
microhemorrhages or hemosiderin deposition associated with 
an increased risk of ARIA [44,45]. In addition, these MRI 
scans provide a baseline for comparison during subsequent 
safety monitoring and follow-up examinations. In the 
Appropriate Use Recommendations for Lecanemab, baseline 
MRI should be performed within 12 months before initiating 
treatment [11]. However, in real-world clinical settings, a 
12-month interval may allow disease progression, stroke, 
and occurrences of microbleeds. Therefore, it is advisable 
to conduct a baseline MRI immediately before starting 
treatment. Consistency in MRI acquisition is important for 
the accurate diagnosis of ARIA, not only with the field 
strength but also with the vendor type.

In the clinical trials, the exclusion criteria were ≥5 
microhemorrhages or any superficial siderosis on the 
baseline MR imaging. The recent FDA guidelines for the 
clinical use of aducanumab suggest exclusion criteria of 
>4 microhemorrhages, any area of superficial siderosis, 
or parenchymal hemorrhages measuring >1 cm in the 
previous year [30]. The FDA guidelines for the clinical use 
of lecanemab also suggest the same exclusion criteria for 
hemorrhage [11]. Baseline imaging should be performed 
using the same MR protocol as that will be used for 
subsequent safety monitoring examinations.

Monitoring MRI
Frequent monitoring of all ARIA-Es was not feasible. In 

addition, the clinical effect of “missing” an asymptomatic, 
transient ARIA-E is still unclear. In addition to scheduled 
surveillance scans, scans should be prompted by the onset 
of symptoms suggestive of ARIA-E. Symptoms of ARIA may 
be nonspecific and include headache, vomiting, nausea, 
confusion, dizziness, visual disturbance, gait difficulties, 
loss of coordination, tremor, transient ischemic attack, 
new-onset seizures, and significant and unexpected acute 
cognitive decline. Combined surveillance and interventional 
MRI should adequately characterize the incidence and 
evaluation of ARIA. 

The appropriate use of lecanemab requires MRIs before 
the 5th, 7th, and 14th infusions [11]. Furthermore, an 
additional MRI is recommended at week 52 (i.e., before 

the 26th infusion, especially for APOE-ε4 carriers and those 
with evidence of ARIA on earlier MRIs). These scheduled 
monitoring sessions should be supplemented by intervening 
safety MRI scans obtained from patients with symptoms 
suspected to be caused by ARIA [11]. A monthly MRI should 
be performed until ARIA-E resolves or ARIA-H stabilizes. In 
addition to these scheduled MRI scans, patients should also 
undergo MRI whenever they experience symptoms that may 
be related to ARIA [26].

In AD, brain volume loss and increased ventricular size 
have been consistently associated with the progression 
and increased severity of the disease. Therefore, brain 
volume reduction in anti-Aβ immunotherapy should be 
interpreted carefully. As an optional 4th sequence, a 3D T1 
is recommended as a baseline MRI and at least once a year 
during follow-up.

The International Collaboration for Real-World Evidence 
in AD (ICARE AD)-US study sites for monitoring ARIA 
suggest that the protocol should include four sequences: 
3D T2-FLAIR, 2D T2* GRE, DWI, and 3D T1-weighted 
anatomic imaging (optional). 3D T1-weighted imaging 
is recommended to facilitate post-processing and the 
assessment of disease progression [46].

The scan time in an MRI protocol is also important for 
surveillance and repeated tests. With the increasing number 
of patients, the workflow of MRI examinations should be 
considered. Additionally, long scanning times can reduce 
patient compliance. Therefore, an appropriate scan time with 
all the included essential sequences is essential, and we 
recommend a scan time of 15 minutes.

Differential Diagnosis
CAA-related inflammation and ARIA share a significant 

overlapping pathophysiology. CAA-related inflammation is 
an autoimmune encephalopathy secondary to spontaneous 
autoantibodies targeting Aβ protein deposited in the 
intracranial vessel wall. It is a potentially reversible 
condition responsive to corticosteroid therapy [47,48]. 
The imaging features of CAA-related inflammation are 
indistinguishable from those of ARIA, including unifocal 
or multifocal areas of subcortical vasogenic edema with a 
mild mass effect, except when there is a significant known 
background of CAA (Fig. 7). Therefore, superimposition on 
the background of CAA (strictly lobar microhemorrhages, 
superficial siderosis, and chronic lobar hemorrhage) and a 
clinical history of its spontaneous occurrence (not drug-
induced) are important differential diagnostic points for 
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CAA-related inflammation [49,50]. 
Other conditions in the differential diagnosis of ARIA-E 

include posterior reversible encephalopathy syndrome 
(PRES), subacute infarction, and subarachnoid hemorrhage. 
ARIA-E and PRES have similar imaging characteristics, 
with a predilection for occipital lobes with petechial 
hemorrhages; both are reversible. These conditions were 
differentiated based on clinical history. PRES frequently 
develops in association with cytotoxic medications, (pre)
eclampsia, sepsis, renal disease, and autoimmune disorders. 
In contrast, ARIA frequently develops in the context of anti-
Aβ immunotherapy [16,50]. 

The parenchymal FLAIR hyperintensity of ARIA-E may be 
mimicked by ischemia such as subacute infarction. Therefore, 
DWI is included in the standardized sequence for evaluating 
ischemic insults. The DWI sequence can easily exclude 
ischemic conditions accompanied by cytotoxic edema.

The appearance of the sulcal effusion mimicked the imaging 
features of a subarachnoid hemorrhage. In some early cases, 
CT and lumbar puncture were performed to detect bleeding. 
Differentiating ARIA from SAHs requires a systematic clinical 
approach. Subarachnoid hemorrhage typically presents with 
severe headache, nausea, and vomiting and may present with 
a decreased level of consciousness and focal neurological 

Fig. 7. A 70-year-old male patient presented with confusion. A: On T2* gradient echo sequence, there were multiple lobar distributed 
cortical and subcortical microbleeds in the right temporooccipital lobes. B: On FLAIR, there was confluent parenchymal high signal 
intensity (arrows). C: Postcontrast axial T1 images demonstrated marked gyral enhancement in the same area (arrows), suggestive 
of prominent leptomeningeal vessels. D: On the diffusion-weighted image, there was subtle high signal intensity along the cortex. 
These images are very similar to amyloid-related imaging abnormalities; however, the patient had not undergone anti-amyloid-beta 
immunotherapy. The patient was diagnosed with cerebral amyloid angiopathy-related inflammation.

A

C

B

D
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signs. An additional non-contrast CT scan can be used to 
differentiate acute hemorrhage [50].

The administration of supplemental oxygen and poor CSF 
signal suppression can mimic ARIA-E. High sulcal signal 
intensity due to the administration of supplemental oxygen 
occurs throughout the brain or in a broader region compared 
to ARIA-E. Poor CSF signal suppression can occur when the 
patient is not centered in the receiver coil, resulting in 
artificial hyperintense areas. Therefore, this can be corrected 
by loading the coil correctly, using a proper size coil for 
patient size, and shimming to reduce the inhomogeneity of 
the magnetic field [50].

Management of ARIA
The standard of care is not established for ARIA. 

Management of ARIA-E generally entails providing 
symptomatic treatment and close monitoring of the 
patient’s condition. It is often possible to continue 
monoclonal antibody therapy for less severe cases while 
closely monitoring the patients [4]. However, in cases 
of symptomatic or moderate-to-severe ARIA, therapeutic 
medication should be temporarily discontinued. Adjunctive 
therapies, such as corticosteroids, may be employed to 
mitigate the symptoms. The treatment of CAA-related 
inflammation, which is hypothesized to share a pathogenic 
mechanism with ARIA, can be guided by established cases 
[51]. Although ARIA-H is generally less frequent than 
ARIA-E, a careful approach is required due to the higher 
likelihood of severe bleeding events. 

Before developing a breakthrough treatment and gaining a 
comprehensive understanding of the mechanisms underlying 
ARIA, it is critical to evaluate the risk of ARIA in each 
patient to make informed treatment decisions. Age, APOE-ε4 
allele status, baseline CAA, and anticoagulant use may affect 
the likelihood of developing ARIA. High-risk individuals 
should be screened in advance, and patients and caregivers 
should be thoroughly counseled about their risks. The 
appropriate recommendation for lecanemab use suggests 
that patients who cannot undergo MRI due to claustrophobia 
or metals in the body may not be candidates for lecanemab 
treatment [11]. It is also crucial to provide patients with 
information on identifying the possible symptoms of ARIA, 
including headache, disorientation, and dizziness, to detect 
and address the condition promptly. 

Several studies are underway to reduce the incidence 
of ARIA. Strategies such as improving drug delivery via 
brain shuttles and using anti-inflammatory clearance of 

Aβ by chimeric Gas6 fusion protein to minimize the side 
effects of an immunologic response are being developed 
[52,53]. These efforts are expected to provide essential 
breakthroughs in overcoming ARIA in the future. 

CONCLUSION

As therapeutic options for AD progress, approaches to 
reduce and control ARIA will also advance, ensuring that the 
advantages of these innovative therapies can be optimized 
while avoiding potential hazards. To accomplish this, it is 
critical to increase awareness of ARIA so that patients at 
high risk of developing ARIA can be screened in advance, 
monitored during treatment, and promptly treated. In 
addition, quantitative measurement of ARIA is essential 
for patient management strategies. However, there is still 
no tool for the quantitative measurement of ARIA that can 
be used in a clinical setting. Artificial intelligence-assisted 
ARIA detection and quantification software has recently 
been developed and studied. Research on ARIAs using 
artificial intelligence is promising. Researchers are currently 
studying biomarkers that have the potential to predict 
vulnerability to ARIA or to detect its early development. 
Moreover, improvements in imaging methodologies may 
offer a more intricate understanding of the formation and 
evolution of ARIA, thereby facilitating more accurate and 
proactive treatments.
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