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Abstract

Phase four of the Alzheimer’s Disease Neuroimaging Initiative (ADNI4) magnetic res-

onance imaging (MRI) protocols aim to maintain longitudinal consistency across two

decades of data acquisition, while adopting new technologies. Here we describe and

justify the study’s design and targeted biomarkers. The ADNI4 MRI protocol includes

nine MRI sequences. Some sequences require the latest hardware and software sys-

tem upgrades and are continuously rolled out as they become available at each site.

The main sequence additions/changes in ADNI4 are: (1) compressed sensing (CS) T1-

weighting, (2) pseudo-continuous arterial spin labeling (ASL) on all three vendors (GE,

Siemens, Philips), (3) multiple-post-labeling-delay ASL, (4) 1 mm3 isotropic 3D fluid-

attenuated inversion recovery, and (5) CS 3D T2-weighted. ADNI4 aims to help the

neuroimaging community extract valuable imaging biomarkers and provide a database

to test the impact of advanced imaging strategies on diagnostic accuracy and disease

sensitivity among individuals lying on the cognitively normal to impaired spectrum.
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Alzheimer’s disease, Alzheimer’s Disease Neuroimaging Initiative, amyloid-related imaging
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∙ A summary of MRI protocols for phase four of the Alzheimer’s Disease Neuroimag-

ing Initiative (ADNI 4).

∙ The design and justification for the ADNI 4MRI protocols.

∙ Compressed sensing and multi-band advances have been applied to improve scan

time.

∙ ADNI4 protocols aim to streamline safety screening and therapymonitoring.

∙ The ADNI4 database will be a valuable test bed for academic research.
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1 BACKGROUND

Phase four of theAlzheimer’sDiseaseNeuroimaging Initiative (ADNI4)

began in 2023. Standardized ADNI protocols have been adopted in

several clinical trials and observational studies, which has motivated

the adoption of new relevant sequences into the ADNI4 protocol.

ADNI4 is still bound to only using product sequences to ensure study

continuity and large-scale accessibility to the protocols. The start of

ADNI4 corresponded to magnetic resonance imaging (MRI) vendors

introducing product sequences with compressed sensing (CS), a cross-

vendor adoption of pseudo-continuous arterial spin labeling (pCASL),

multi-band slice excitation for some sequences, and some significant

hardware improvements (head coils, increased gradient performance,

etc.). These advances open up the possibility to acquire new imaging

biomarkers and reduce scan times, which has resulted in significant

changes from the previousADNI3MRI protocol.1 TheADNI4MRI pro-

tocol aims to maintain longitudinal consistency across two decades of

data acquisition, while introducing new technologies that are highly

likely to be adopted into future clinical practices. Here we describe

the design and justification behind the ADNI4 protocol and list the

targeted imaging biomarkers.

2 METHODS

At this current cycle, the ADNI4 MRI protocol includes nine MRI

sequences: (1) T1-weighted (T1w) magnetization-prepared rapid

acquisition gradient echo (MP-RAGE); (2) a CS T1w MP-RAGE; (3)

3DT2-weighted (T2w) fluid-attenuated inversion recovery (FLAIR); (4)

structural isotropic 3D T2w; (5) T2*-weighted susceptibility imaging;

(6) multi-post-labeling-delay (PLD) 3D arterial spin labeling (ASL); (7)

2Dmulti-band-multiple-shell diffusion (dMRI); (8) 2Dmulti-band echo-

planar imaging (EPI) blood-oxygen level dependent (BOLD); and (9)

high-resolution, limited field of view, coronal fast T2w imaging cen-

tered on the hippocampus. A detailed summary of eachADNI4 imaging

contrast type is provided in the subsections below. When appropriate,

justification and motivation behind each set of sequence parameters

are also described.

2.1 T1w MP-RAGE

T1w 1 mm isotropic images are collected to perform structural anal-

ysis in the context of Alzheimer’s disease (AD) and related disorders.

Three-dimensionalMP-RAGE2 hasbeenaproduct sequence forPhilips

and Siemens for a number of years and recently became a product on

GE systems. These are the three primaryMRvendors inNorthAmerica

participating in ADNI. This adoption has facilitated the standardiza-

tion of the T1w imaging protocols in ADNI4, with onlyminor variations

specific to each vendor’s implementation. For the systems that already

had MP-RAGE in place during ADNI3 (Siemens and Philips), and those

currently unable to acquire MP-RAGE sequences, their ADNI4 pro-

tocols remain consistent with their ADNI3 protocol. However, once

RESEARCH INCONTEXT

1. Systematic review: To optimize each imaging sequence

for the development of the magnetic resonance imaging

(MRI) protocols for phase four of the Alzheimer’s Disease

Neuroimaging Initiative (ADNI4), the authors used a com-

bination of internal investigation, literature reviews, and

expert consensus fromsite scientists, academic scientists,

and clinicians in the field.

2. Interpretation: Our investigational findings resulted in

the development of several new MRI protocols that

will help measure new imaging biomarkers and signifi-

cantly streamline clinical and safety-screening protocols,

as well as potentially fulfilling the required imaging for

amyloid-related imaging abnormalities in Food and Drug

Administration-approved amyloid monoclonal antibody

therapies.

3. Future directions: The ADNI4 database will serve the

fast-growing artificial intelligence and machine learn-

ing research fields by providing quality-controlled neu-

roimaging biomarkers and clinically identified disease

states well suited for algorithm training sets and the

development of new post-processing pipelines. The use

of these data by the academic community will continue

to significantly improve our understanding of Alzheimer’s

disease and related disorders.

MP-RAGE sequences become available at these sites, the T1w MRI

protocol will be updated accordingly.

2.2 CS T1w MP-RAGE

CS sequences,3,4 which enable high-fidelity ultra-fast imaging with

acceleration factors of approximately 5 to 8x, are now being offered as

product sequences for structural imaging, by certain vendors (Philips,

GE). These accelerated imaging techniques permit the acquisition of

structural imaging sequences that were around 6 minutes long, to

be acquired in approximately 2 to 4 minutes, while maintaining clin-

ically acceptable image quality. Initial explorations demonstrate that

ultra-fast imaging yields morphometric estimates comparable to those

obtained in ADNI3.5

The importance of fast imaging is growing, particularly in the con-

text of screening patients for baseline eligibility and ascertainment

of treatment-related amyloid-related imaging abnormalities (ARIA) in

AD-related pharmaceutical trials, including the US Food and Drug

Administration (FDA)-approved disease-modifying treatments based

on anti-amyloid monoclonal antibodies.6 It can also help mitigate

motion artifacts in patients who struggle to remain still for extended

scan durations. In ADNI4, a 6x CS T1wMP-RAGE sequence is available
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for distribution from one vendor (Philips). However, another vendor

(GE) has used a combination of CS and parallel imaging to achieve a

similar image quality with a 4.8x acceleration. Considering the differ-

ences in vendor implementationofCSandvariations in thedeployment

timelines for acceleration strategies, the most advanced acceleration

methods available as product from each vendor will be evaluated

to determine the feasibility of significantly reducing scan times for

each structural imaging sequence (T1, T2, FLAIR). The emphasis will

be on achieving similar image quality with ultra-fast imaging, rather

than standardizing acceleration techniques across vendors.Once these

ultra-fast sequences have been thoroughly tested and agreed upon,

they will be incorporated into theMRI protocols.

2.3 3D T2w FLAIR

White matter disease, infarctions, the identification of ARIA and other

brain pathologies are commonly assessed using a FLAIR sequence.

In ADNI3, a 3D volume acquisition was adopted over the traditional

2D multi-slice sequence. During the optimization of the 3D protocol

parameters, significant efforts were made to standardize the con-

trast profiles across all three vendors and maximize the contrast

between white matter hyperintensities (WMH) and healthy brain tis-

sue. Through internal investigations, we explored the ideal echo time

(TE) to maximizeWMH contrast and found that the TE used in ADNI3

(effective TE = 119 ms) was similar to that reported by Kakeda et al.7

(TE= 114ms) for white matter to graymatter contrast at 3T.

Furthermore, we used the National Institute of Standards and

Technology (NIST)/International Society for Magnetic Resonance in

Medicine (ISMRM) system phantom to compare contrast profiles from

different vendors. The NIST system phantom contains spheres with

T1 and T2 relaxation times, providing a range within which brain tis-

sue falls. By scanning the 3D FLAIR sequence on the same phantom

for each vendor, we gained insight into how the relative contrast

profiles changed with sequence parameters for each system tested.

This investigation highlighted the impact that T2 preparation modules

(a technique to further improve contrast between tissues of inter-

est) alter contrast profiles. Consequently, we needed to use different

vendor-specific settings to better standardize contrast in the study.

Initially, most testing was done on high-end systems with a 1 mm

isotropic resolution. However, when protocols were implemented on

older systems, it was observed that some images had insufficient

signal-to-noise ratio (SNR). To address this, the slice thickness was

increased to 1.2 mm. In ADNI4, there was a priority to standardize

the voxel size to 1 mm isotropic resolution for the MP-RAGE, 3D T2w

FLAIR, and structural 3D T2w image volumes. To account for the antic-

ipated SNR loss, the TE was reduced to 104 ms instead of 119 ms.

Internal testing demonstrated good agreement between the WMH

maps obtained using the ADNI3 and ADNI4 FLAIR sequences.

2.4 Structural isotropic 3D T2w

ADNI4 aims to increase the recruitment rate of participants from

under-represented populations, which is expected to result in higher

cerebrovascular heterogeneity. In anticipation of this change, a 3D

1 mm isotropic T2w imaging acquisition was introduced. The reso-

lution and coverage were set to match the MP-RAGE and 3D T2w

FLAIR sequences. This sequence will be used to further improve struc-

tural analysis and for the quantification of dilated perivascular space.

Moreover, including T1w, T2w, and FLAIR images in a single prob-

abilistic segmentation model opens the possibility of simultaneous

(self-consistent) estimation of tissue classes including WMH as well

as gray matter, white matter, and cerebrospinal fluid (CSF), which

is especially important in populations with higher cerebrovascular

heterogeneity.

2.5 T2*-weighted susceptibility imaging

For ADNI, T2*-weighted imaging has historically been used for detec-

tion of microbleeds and other forms of tissue iron deposition. During

the development of ADNI3we tested the feasibility of obtainingmulti-

ple echoeswithin the same acquisition time to enable the generation of

susceptibility-weighted images (SWI)8 and to quantitative susceptibil-

ity mapping (QSM).9 In ADNI4 we have implemented a four- (for some

platforms) or five-echo acquisition (TE = 6.71 ms, 10.62 ms, 14.53 ms,

18.44ms, 22.35ms) to give betterQSMestimates. Currently, QSMand

SWI are only available on vendors capable of outputting complex data

(real & imaginary channels, or phase &magnitude images) during stan-

dard “clinical mode” operations, and not requiring a “research mode.”

As more and more systems are capable of outputting this information

in “clinical mode,” multi-echo T2*-weighted sequences will be added to

theMRI protocols.

It must also be emphasized that the parameters of this sequence

prioritized clinically used voxel sizes and echo times for optimal

microbleed detection, which did not allow it to be optimized solely for

QSM. There are two main reasons for this: (1) microbleed detection is

of paramount importance for patient treatment eligibility and patient

safety monitoring in pharmaceutical clinical trials (a primary objective

of ADNI) and clinical care, and (2) to maintain longitudinal continuity

and consistencywith previous generations ofADNI. Recently, and after

the roll-out of ADNI4, a consensus paper on the implementation of

QSM was published by the ISMRM,10 which recommended the use of

at least 1 mm isotropic resolution for QSM. In contrast, for microbleed

detection, higher in-plane resolution is exchanged for larger ≈ 4 mm

slice thickness. For these reasons, as a compromise, wemaintained the

samematrix size as inADNI3 (0.5×0.5×1.8mm3) for the3DT2* imag-

ing series, which still has finer through-plane resolution than what is

typically used clinically.
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2.6 Multi-PLD 3D ASL

ASL is used to measure cerebral blood flow (CBF) and arterial transit

time (ATT). Before the start of ADNI4, pCASL began to be released as

a product sequence on all three vendors, although some software ver-

sions do not support this. In addition, there was active research being

conducted to explore the use ofmultiple PLDs to improve the accuracy

of quantitative CBFmaps and to allow for the estimation of ATTmaps.

Variations in blood flowbetween subjects and tissue types and location

result in different arrival times of the bolus of tagged blood traveling

from the tagging plane in the carotid arteries to the brain parenchyma.

A single post-labelingdelay timemakes it challenging to ensure that the

blood has had enough time to reach the parenchyma for all subjects.

Therefore, in ADNI4 amultiple PLD strategy was adopted.

To maintain a reasonable scan time, each PLD has a reduced num-

ber of measurement averages, instead of the five used in ADNI3. Due

to the lower SNR of each individual PLD, it must be emphasized that all

five PLDs are intended to be used in combinationwith kineticmodeling

to derive single CBF and ATTmaps from the collection of all PLDs. Fur-

thermore, to ensure that more sites had access to multi-PLD ASL, no

productmulti-PLDsingle sequencewill beused inADNI4. Instead, each

PLD is acquired as a separate single PLD series. There were four main

reasons for this: (1) initially there was a bug in which parameters were

not being saved when trying to distribute multi-PLD electronic proto-

cols; (2) in some cases, the multi-PLD sequence required an additional

license, which limited its accessibility; (3) for Hadamard/time-encoded

multi-PLD schemes, as implemented on some vendors, all PLDs are

acquired within the same sequence, and any abrupt motion during an

acquisition corrupts all the PLD images; (4) Multi-PLD ASL sequences

were not available across all vendors. By acquiring multiple single-

series PLDs,more sites can adopt the sequences and better robustness

tomotion can be achieved.

2.7 Diffusion MRI

DiffusionMRI images are used to assess local microstructural integrity

in the brain. ADNI began acquiring dMRI in ADNI2, but only on GE

scanners. The diffusion protocol had a single b= 1000 s/mm2 shell and

2.7 mm spatial resolution, suitable for diffusion tensor imaging (DTI)

and basic tractography. ADNI3 extended its diffusion acquisitions to

Philips and Siemens scanners and improved the spatial resolution to

2.0 mm isotropic. The then-recent introduction of multi-band (multi-

slice) acceleration in product software allowed for the acquisition of

multi-shell (b = 0, 500, 1000, and 2000 s/mm2) dMRI on capable scan-

ners with the same scan duration (7–10 minutes) as the single-shell

protocol without multi-band. This gave rise to an “Advanced” multi-

shell acquisition on compatible scanners, and a “Basic” protocol for

scanners without multi-band. The b = 1000 s/mm2 shell and the spa-

tial resolution are identical for both protocols. Therefore, it is possible

to extract a basic scan from an advanced one. dMRI parameters such

as spatial resolution have been standardized across scanner models;

however, due todifferent scannerhardware limitations, thereare slight

variations in echo time and, in some cases, the number of acquired dif-

fusion directions needed to be reduced to maintain reasonable scan

durations.

Multi-slice acceleration has become more common across ADNI

sites as scanners are upgraded or replaced, and as more vendors have

mademulti-bandproduct sequences. InADNI4multi-shell dMRI is now

available on all three vendors, although there are still scanners running

the basic protocol. The acquisition of multiple shells greatly expands

the number of possible dMRI analyses and becomes especially useful

for resolving tissue components in voxels with multiple diffusion envi-

ronments (e.g., tissue + CSF, crossing fibers). A few of the analyses

supported by multi-shell dMRI are diffusion kurtosis,11 high angular

resolution diffusion imaging (HARDI) tractography,12 neurite orienta-

tion dispersion and density imaging (NODDI),13 and mean apparent

propagator (MAP)-MRI.14 The ADNI3 protocol15,16 will continue to

be used in ADNI4, with the addition of a short (≈ 90 seconds) scan

in which the phase encoding direction is flipped from the posterior to

anterior direction to the anterior to posterior direction, on Philips and

Siemens scanners. The short scan will be used to improve EPI distor-

tion correction. The Advanced GE protocol performs the correction

as part of the on-scanner reconstruction, so the flipped phase encod-

ing sequence is not needed for these systems. On GE systems without

the on-scanner correction option there is also no option to change the

phase encoding direction under “clinical operation mode,” or to save

such changes in electronic protocols. As an alternative approach, EPI

distortion can be corrected for in the Basic GE dMRIs by warping the

dMRI to an undistorted image such as the T1w or T2w scans (or vice

versa).17 This approach is also recommended for all ADNI3 scans for

which acquiring flipped phase encoding was impractical due to either

software bugs/limitations.

2.8 2D multi-band EPI BOLD

Resting-state or task-free functional MRI (TF-fMRI) associates syn-

chronous signal changes in different regions of the brain to help

estimate functional connectivity spatially. Recently, multi-band excita-

tion has become a product sequence for all three vendors. However,

depending on the gradient performance and the vendor implementa-

tions, variation in acceleration factors exist. This has resulted in both

basic and advanced protocols with repetition time (TR) values of 1.5

seconds and 0.6 seconds, respectively, for ADNI4. The ADNI3 basic

version that had a 3 second TR and did not use multi-band excitation

will continue to be acquired on older systems. Due to the addition of a

new 3D isotropic T2w sequence and ultra-fast structural scans in the

ADNI4 protocol, the scan time for fMRI needed to be reduced to 5min-

utes from the10minutes allotted inADNI3. In someprotocols, inwhich

several accelerated structural imaging sequences are added, it will not

be possible to do fMRI due to time restrictions. Although we believe

that fMRI can give valuable insight into brain function, we needed to

prioritize accelerated structural scans in the ADNI4 protocol due to

their important role in patient safety screening in pharmaceutical and

clinical trials.
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TABLE 1 ADNI4 imaging parameters.

Series

Geometry (resolution

mm3, FOVmm3)

Timing & params

(times inms)

Approx.

time

(min:sec) Purpose Notes

MP-RAGE 1 × 1 × 1

240 × 256 × 208

TR= 2300

TE=min full

TI= 900

5:12 T1w structural

analysis

2x acceleration

CS-MP-RAGE 1 × 1 × 1

240 × 256 × 208

TR= 2300

TE=min full

TI= 900

1:44 T1w structural

analysis,

testing impact of

higher image

acceleration on

biomarker accuracy

4.8-6x acceleration. CS is

called Hypersense (HS) on

GE scanners

3D T2w FLAIR 1 × 1 × 1

240 × 256 × 208

TR= 5000

Effective TE= 104

TI= vendor specific

(1526 – 1700)

6:20 Whitematter

disease, infarction,

other brain

pathology

Change fromADNI3: went

to isotropic resolution and

reduced TE

Structural 3D

isotropic T2w

1 × 1 × 1

240 × 256 × 208

TR= 2500/3200

TE= 75/106

4:53/6:42 T2w structural

analysis

Vendor sequence names:

CUBE, VISTA, SPACE

Multi-PLD 3DASL Basic: 1.9× 1.9 × 4.5

240 × 240 × 144

Advanced: 1.9 × 1.9 × 4

240 × 240 × 160

Basic: PASL, TI2s=
1000, 1500, 2000,

2500, 3000

Advanced: pCASL,

PLDs= 1025, 1525,

2025, 2525, 3025.

8:20

7:31

Metabolism,

including cerebral

blood flow and

arterial transit time

Some sequences require a

separateM0 to be

calculated, which will add

to these scan times

T2* weighted GRE Basic: 2D single-echo,

0.86× 0.86× 4,

256 × 192 × 200

Advanced: 3Dmulti-echo

0.5 × 0.5 × 1.8mm3,

200 × 200 × 158.4

Basic: TR= 650,

TE= 20

Advanced: TR= 37

TEs= 6.71, 10.62,

14.53, 18.44, 22.35

4:17

5:37/8:44

Microbleed

detection, SWI,

QSM

QSMand SWI are only

available on vendors

capable of outputting

complex data (real &

imaginary channels, or

phase &magnitude

images)

Diffusion Basic: 2 × 2 × 2

232 × 232 × 162

Advanced: 2 × 2 × 2

232 × 232 × 162

TR= 3306

TE= 70

TR= 3400

TE= 82

7:06

7:13

Multiple analysis

methods

Basic (b= 1000 s/mm2)

Advanced sequences have

three shells (b= 500, 1000

and 2000 s/mm2) and a

shorter reversed phase

encoding direction for

distortion correction

TF-EPI-BOLD Basic: 3.4 × 3.4 × 3.4

Or 3.0 × 3.0 × 3.0

220 × 220 × 163.2

Or 217 × 217 × 153

Advanced: 2.5 × 2.5 × 2.5

220 × 220 × 160

TR= 1500

TE= 30

FA= 90
◦

TR= 600

TE= 30

FA= 50
◦

5:00

5:00

Task-free functional

MRI (P to A phase

encoding)

Due to protocol time

limitations, the scan time

was reduced fromADNI3

High-resolution

hippo

0.34× 0.34× 2

175 × 175 × 60

TR= 8020

TE= 48

4:33 Hippocampal

subfield

measurements

Oblique acquisition, 2D

T2w fast/turbo spin echo,

alignedwith hippocampus

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; CS, compressed sensing; FA, fractional anisotropy; FLAIR, fluid-attenuated inversion

recovery; FOV, field of view; GRE, gradient recalled echo; MP-RAGE, magnetization-prepared rapid acquisition gradient echo; MRI, magnetic resonance

imaging; PASL, pulsed arterial spin labeling; pCASL, pseudo-continuous arterial spin labeling; PLD, post-labeling delay; QSM, quantitative susceptibility

mapping; SWI, susceptibility-weighted imaging; T1w, T1-weighted; T2w, T2-weighted; TE, echo time; Task-Free-EPI-BOLD, XXXXXXXX echo-planar imaging

blood-oxygen level dependent; TR, repetition time.
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TABLE 2 Main changes fromADNI3 to ADNI4.

Series Changes fromADNI3 to ADNI4

MP-RAGE Kept the same for continuity.

CS-MP-RAGE New added sequence.Will test the diagnostic potential of an under 2-minute acquisition using advanced

compressed sensing reconstructions on data with 4.8- and 6-fold acceleration.

3D T2w FLAIR Reduced slice thickness from 1.2 to 1mm to produce isotropic voxels that match T1w and T2w structural images.

Also, reduced echo time from 119 to 104ms to compensate for SNR loss.

Structural 3D isotropic T2w New isotropic resolution structural T2w sequencewithmatched T1w and 3D T2w FLAIR coverage.

Multi-PLD 3DASL Went from single PLD in ADNI3 to a newmultiple PLDASL and proton density volumes to enable quantitative

cerebral blood flow and arterial transit timemapping across all three vendors.

T2* weighted GRE Went from three echoes in ADNI3 to five echoes in ADNI4 to improveQSMestimates.

Diffusion Addedmulti-band slice excitation acquisition on vendors where it recently became product. Added an additional

short anterior–posterior acquisition to improve distortion correction.

TF-EPI-BOLD Usedmulti-band slice excitation to improve the basic acquisitions sampling rate from 3 seconds to 1.5 seconds.

Due to overall protocol duration, the total acquisition timewas reduced from 10minutes to 5minutes.

High-resolution hippo Kept the same for continuity.

Abbreviations: ADNI, Alzheimer’s Disease Neuroimaging Initiative; ASL, arterial spin labeling; CS, compressed sensing; FLAIR, fluid-attenuated inversion

recovery; GRE, gradient recalled echo; MP-RAGE, magnetization-prepared rapid acquisition gradient echo; PLD, post-labeling delay; QSM, quantitative sus-

ceptibility mapping; SNR, signal-to-noise ratio; T1w, T1-weighted; T2w, T2-weighted; Task-Free-EPI-BOLD, XXXXXXXX echo-planar imaging blood-oxygen

level dependent.

2.9 High-resolution, limited field-of-view, imaging
centered on the hippocampus

A high-resolution oblique-oriented, limited field of view, T2w imaging

volume centered on the hippocampus is used to make hippocampal

subfield volume measurements. For continuity, this sequence has not

been changed in ADNI4.

3 RESULTS

The key protocol parameters and imaging biomarkers that can be

obtained from each series in the ADNI4 protocol have been summa-

rized in Table 1. The full detailed MRI protocols for each software

version and vendor type can be found at https://adni.loni.usc.edu/

methods/documents/mri-protocols/. All basic structural imaging that

was conducted in ADNI3 was kept consistent across imaging sites for

ADNI4, except on GE systems for which T1wMP-RAGE became avail-

able. Variations in vendor-specific sequences, software upgrades, and

hardware performance capabilities, resulted in variations in advanced

imaging strategies. Table 2 highlights the advanced sequences intro-

duced inADNI4 and their variations fromADNI3. Advanced sequences

will gradually be implemented into protocols as the required upgrades

and licenses are obtained at each site.

The main sequence changes in ADNI4 from ADNI 3 are (1) CS for

T1w images, (2) pCASL being implemented on all three vendors (GE,

Siemens, Philips); (3) multi-PLD ASL, which allows for the generation

of quantitative maps of CBF and ATTs; (4) isotropic 1mm3 resolution

3D FLAIR; (5) 3D CS T2w. When ADNI4 began, product sequences

that used artificial intelligence (AI) were not widely available and could

not be adequately tested before the start date of the study. How-

ever, as more acceleration methods become available for each vendor,

new ultra-fast structural imaging sequences (T1w, FLAIR, 3D isotropic

T2w) will be added to the protocols. If AI-based reconstruction meth-

ods improve the SNR of these ultra-fast sequences, they too will be

later incorporated into the advanced protocols. In all cases, the origi-

nal structural imaging sequenceswill continue to be acquired to enable

cross-comparison with the ultra-fast sequences.

4 DISCUSSION

The ADNI4MRI database will continue to help the neuroimaging com-

munity, not only to extract valuable imaging biomarkers, but to provide

the data necessary to test the impact of advanced imaging strategies

on diagnostic accuracy and disease sensitivity. An additional goal of

testing ultra-fast acceleration strategies is to help with the develop-

ment of short clinically available MRI screening protocols to enable

the widespread use of safety screening methods for pharmaceutical

imaging trials and clinical practice, as well as the required imaging for

ARIA in FDA-approved amyloid monoclonal antibody therapies. Last,

we hope that these data will serve the fast-growing AI and machine

learning research fields by providing quality-controlled neuroimag-

ing biomarkers and clinically identified disease states well suited for

algorithm training sets and the development of new post-processing

pipelines. The use of these data by the academic community will con-

tinue to significantly improve our understanding of AD and related

disorders.
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