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INTRODUCTION: Magnetic resonance imaging (MRI) is crucial for dementia diagno-

guidelines, many patients never undergo MRI due to limited scanner availability.

Shorter scan times would reduce costs and patient burden. We developed and tested a
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fast MRI protocol incorporating highly accelerated sequences.

with the standard-of-care protocol in a prospective real-world study. We estimated

RESULTS: The fast protocol cut scan times by 63% and showed non-inferior reliability
measures for diagnosis, visual scale ratings, and disease-modifying therapy eligibility

assessment. Between scan-type, intra-rater reliability for diagnosis was greater than
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1 [ BACKGROUND

The growing prevalence of dementia as populations age,* and the chal-
lenge of delivering disease-modifying therapies (DMTs) for Alzheimer’s
disease (AD),2 means health care systems are under unprecedented
pressure to deliver a timely diagnosis. Structural brain imaging plays a
critical role in diagnosis,® with the choice between computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) depending on various
factors including scanner availability, scan duration, cost, and patient
cooperation.*~¢ MRl is favored for its excellent soft tissue contrast, lack
of ionizing radiation, and positive predictive diagnostic value.” MRl is
also a pre-requisite for amyloid-lowering DMT eligibility in view of its
utility not only for diagnosis but also for detecting safety signals such
as focal edema or cerebral microhemorrhages.®?

Notwithstanding its advantages, MRI is constrained by availability
and relatively long acquisition times. Lengthy sequences can make it
more challenging for individuals to remain still, potentially resulting in
movement artifact or an inability to tolerate the scan. Shorter (accel-
erated) scans could therefore increase MRI capacity, reduce cost and
patient burden, and improve access to diagnosis and treatments.

Typically, MRI dementia protocols require at least 20 min to
acquire.1° Beyond the traditional goal of excluding surgically treat-
able pathology—which accounts for a minority of cases—imaging aims
to determine the extent and pattern of brain atrophy and assess
cerebrovascular disease burden and markers of cerebral amyloid
angiopathy.! These protocols generally include T1-weighted gradient
echo (T1w), fluid-attenuated inversion recovery (FLAIR), T2-weighted
turbo or fast spin echo (T2w), and T2*-weighted gradient recalled-echo

or susceptibility-weighting imaging (T2*w/SWI).1%12 High-resolution

inter-rater reliability on the standard-of-care protocol (ratio of 1.37, 95% confidence
DISCUSSION: This study proposed and applied a way of showing non-inferiority of a

highly accelerated dementia protocol. Ultra-fast protocols could improve MRI access

and patient equity and support the implementation of disease-modifying therapies.

advanced parallel imaging, Alzheimer’s disease, dementia diagnosis, eligibility for disease-
modifying therapies in Alzheimer’s disease, MRI acceleration techniques, structural MRI,

* The fast dementia protocol with four core sequences reduced acquisition time by

* The fast scan showed non-inferior reliability for diagnosis and visual ratings.

* Assessment for disease-modifying therapy eligibility was similar between scan

* Fast protocols may improve access to magnetic resonance imaging and diagnosis in

three-dimensional (3D) T1w acquisitions have been favored for the
assessment of brain atrophy.'® In addition, volumetric (3D) FLAIR and
SWI sequences offer enhanced sensitivity for detecting cortical and
subcortical vascular lesions and microhemorrhages. 141>

In recent years, substantial efforts have been made to accelerate
the acquisition of 3D MRI sequences.~18 Wave-controlled aliasing in
parallel imaging (wave-CAIPI) is an innovative advancement in parallel
imaging that leverages a modified k-space trajectory to enable higher
acceleration.2?-21 Wave-CAIPI has been evaluated mostly in single-
sequence comparative studies.?2-2% Studies have focused on multiple
intracranial pathologies or have had relatively small sample sizes of
individuals with neurodegenerative disease.?2242¢ To our knowledge,
the performance of a highly accelerated full dementia protocol for
differential diagnosis has not been evaluated in a clinical setting for
people with cognitive concerns.

In this study we investigate the diagnostic performance of an
accelerated dementia protocol (fast scan) and compare it with the
standard-of-care protocol (clinical scan). Critically, we evaluated scans
of individuals referred to a real-world outpatient cognitive service in
whom brain imaging was being planned as part of the routine diagnos-
tic workup. This outpatient setting includes individuals with various
brain pathologies associated with cognitive decline (e.g., AD), as well
as those without significant intracranial pathology but presenting with
other contributing factors (e.g., mental health conditions or functional
cognitive symptoms). We sought to determine whether the reliabil-
ity of radiological assessments between the fast and clinical scans was
non-inferior to the reliability among different neuroradiologists inter-
preting the same clinical scans, thereby demonstrating that the fast

scan performs comparably in a clinical setting.
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2 | METHODS
2.1 | Study population

Recruitment for this prospective blinded comparison study took place
between November 2022 and February 2024. We enrolled patients
from the specialist cognitive disorders service at the National Hospi-
tal for Neurology and Neurosurgery, UK, who were undergoing an MRI
brain scan as part of their routine diagnostic assessment—participants
were only approached after their treating clinician had requested
an MRI. There were no exclusion criteria apart from the standard
requirements for MRI scanning,?” an age range of 50-90 years, and
the capacity to give informed consent. Written informed consent was
obtained for all participants. Demographic data were collected prior to
scanning. Ethical approval was granted by the NHS Health Research
Authority London (REC reference 21/LO/0815). The study was per-
formed in accordance with the 1964 Declaration of Helsinki and its

later amendments.

2.2 | Image acquisition

Imaging was performed on a Siemens MAGNETOM Prisma Fit 3T sys-
tem using a 64-channel array receiver coil. Wave-CAIPI sequences
were provided by Siemens Healthineers (Erlangen, Germany) as Work-
In-Progress packages.

All participants underwent imaging with the clinical and fast pro-
tocols in the same session. Sequences from these two protocols were
acquired in aninterleaved manner. The total acquisition times for these
protocols were 17:39 and 6:29 (minutes:seconds), respectively. Scan
parameters for the clinical and optimized fast protocols are shown in
Table 1. Prior to this study, we optimized the fast sequence parameters
on a separate group of patients and healthy volunteers.282?

2.3 | Image evaluation

Image evaluation was conducted by three neuroradiologists with 35,
2.5, and 2 years of experience as a consultant. The de-identified image
datasets of 92 individuals were uploaded to a web-based platform3°
designed to enable blinded evaluation and were structured across four
sessions. In each session, clinical and fast scans of the same individ-
ual were presented separately and in random order, with at least 15
scans from other participants interspersed to minimize recall bias. In
addition, a subset of 20 randomly chosen clinical scans was shown
again to each neuroradiologist (across sessions), again with at least 15
scans from other participants in between scans of the same individ-
ual. Raters were blinded to scan protocol, sequence parameters, and
patient information—except for age and the fact that the scan was
acquired as part of routine cognitive clinic investigations.

The imaginginterface allowed for manual adjustments of image scal-
ing widths and levels to obtain optimal contrast, and incorporated a

“forced-choice” questionnaire that did not permit users to go back

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

RESEARCH IN CONTEXT

1. Systematic review: We searched PubMed for studies on
fast magnetic resonance imaging (MRI) implementations
including wave-controlled aliasing in parallel imaging
(wave-CAIPI) techniques. Single-sequence comparative
studies reported encouraging results for image quality.
Two studies found wave-CAIPI T1-weighted sequences
similar to standard acquisitions using morphometry mea-
sures or atrophy visual ratings. However, prior research
has been limited by relatively small sample sizes, mixed
pathologies, or not assessing a full protocol in clinical
settings.

2. Interpretation: Dementia MRI protocols that incorpo-
rate ultra-fast three-dimensional sequences such as those
enabled by wave-CAIPI are comparable to standard-of-
care clinical scans and are a viable option for improving
access to MR, thereby aiding Alzheimer’s disease diagno-
sis and treatment eligibility.

3. Future directions: Fast protocols will need to be opti-
mized for different MRI systems and field strengths and
are likely to be improved by deep learning-based recon-
struction methods. Reducing time into/out of the scanner
would add further value to accelerated scans. This work

has implications for other neurological disorders.

and revise their ratings for previously submitted cases (see Figure S1
for a screenshot). We aimed to minimize instructions provided to the
raters; however, the questionnaire followed a structured approach (see
Table 51).2131 Briefly, it included questions about pathology potentially
amenable to surgical intervention, vascular disease, and brain volume
loss indicative of a neurodegenerative disorder. Reference materials
for visual rating scales were supplied for the medial temporal lobe atro-
phy (MTA) scale®2, the Koedam®? scale for posterior cortical atrophy,
and the Fazekas®* scale for deep white matter hyperintensities.

Except where there were findings suggestive of non-AD neurode-
generative disease, the raters were asked to determine whether
the scan met exclusion criteria for amyloid-lowering DMTs, such
as five or more microhemorrhages, superficial siderosis, macrohe-
morrhages, vasogenic edema, severe white matter hyperintensities
(Fazekas Grade 3), multiple lacunes, and/or cerebral infarcts involving
amajor vascular territory.8? All neuroradiologists had prior experience
in the use of the visual rating scales, and no additional training was
provided.

Although the primary focus of the study was on the neuroradiol-
ogists’ assessments, a neurologist with a special interest in cognitive
disorders and with 7 years of experience as a consultant provided a
supplementary assessment of the scans. By including this additional
rater (and Supplementary Analysis), we aimed to explore the reliability

of the fast scan in a more heterogenous group of raters, reflecting that
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TABLE 1 Acquisition parameters for clinical and fast protocols.

Sequence Characteristic Clinical protocol Fast protocol
3D T1-weighted Resolution 1.05x 1.05x 1.2 mm?® 1.1x1.1x1.1mm?d
(Tiw) Orientation Sagittal Sagittal
Field of view 270 mm x 270 mm 280 mm x 280 mm
Number of slices 176 192
Parallel imaging GRAPPA x 2 Wave-CAIPI 3x2
TI/TR/flip angle 900 ms/2300 ms/ 9° 800 ms/2650 ms/ 9°
Scan time 5min12s 1 min 34s/1 min 37 s (with fat-saturation)*
Multislice 2D Resolution 0.625 % 0.625 x 3mm® 0.625 x 0.625 x 3 mm®
Uiz (12 Orientation Transverse Transverse
Field of view 240 mm x 240 mm 240 mm x 217 mm
Number of slices 50 50
Parallel imaging None GRAPPA x 3
TI/TR/refocusing flip angle 89 ms/4800 ms/150° 89 ms/4500 ms/150°
Turbo factor 17 17
Scan time 2min54s 1 min 14s
3D FLAIR Resolution 1x 1x 1.2 mm? (interpolated to 0.5 x 0.5 x 1.1x1.1x 1.1 mm?3
1.1 mm3)
Orientation Sagittal Sagittal
Field of view 256 mm x 248 mm 280 mm x 254 mm
Number of slices 176 176
Parallel imaging GRAPPA x 2 Wave-CAIPI 3x2
TI/TE/TR 1800 ms /393 ms/5000 ms 1800 ms/393 ms/5000 ms
Turbo factor 265 242
Scan time 5min32s 1min59s
3D SWI Resolution 0.9x0.9 x 2.3 mm? 0.8x0.8x 2.1 mm?
Orientation Transverse Transverse
Field of view 230 mm x 208 mm 280 mm x 210 mm
Number of slices 64 72
Parallel imaging GRAPPA x 2 Wave-CAIPI 3x2
TE/TR/flip angle 20 ms/27 ms/15° 21 ms/30 ms/15°
Scan time 4minls 1min39s

Abbreviations: 2D, two-dimensional; 3D, three-dimensional; FLAIR, fluid-attenuated inversion recovery; GRAPPA, GeneRalized Autocalibrating Partially Par-

allel Acquisition; SWI, susceptibility weighted imaging; TE, echo time; T, inversion time; TR, repetition time; wave-CAIPI, wave controlled aliasing in parallel

imaging.

*Twenty individuals underwent fast T1w imaging without fat-saturation.

neurologists routinely review patient scans. This rater assessed every 25

clinical scan on two separate occasions and reviewed the fast scans
once, in one continuous session. Scans from the same individual were

separated by at least 15 other cases.

2.4 | Clinical diagnoses

The clinical diagnosis was taken from the clinical records using all
available clinical information and diagnostic guidelines and was inde-

pendent of the scan assessments.3>~44

Aims of the study

Our aim was to determine the reliability of the image assessment
between scan types and raters. Reliability was evaluated by measuring
the observed level of agreement corrected for chance agreement. We
used the Gwet’s AC, statistic (and its weighted version AC,), which is
considered more robust than Cohen’s x to conditions of low category
prevalence and/or marginal homogeneity.#>4¢

The primary variable of interest was diagnosis on the scan, oper-
ationalized as a nominal variable with three categories: (1) normal,

(2) AD, or (3) other diagnoses, which was derived from the question-
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naire. The secondary variables were (1) the average of the right and
left MTA scores®?; (2) the Koedam score®?; (3) the Fazekas score®*; (4)
a microhemorrhage score using a four-point ordinal scale: no micro-
hemorrhage, 1 to 4, 5-8, and 9 or more microhemorrhages; and (5)
radiological eligibility for amyloid-lowering DMTs.*” The latter was
recoded as a binary variable (the instances where the rater felt that
there was not enough confidence to assess eligibility were recoded as
not meeting criteria for DMT). All ordinal scores were analyzed with
quadratic weights to place greater penalties on larger disagreements
(using the AC, statistic).*®

To determine reliability across neuroradiologists’ assessments we
performed two main sets of analyses. First, we estimated the two inter-
rater reliability coefficients for each scan type (“inter-rater intra-fast
scan” and “inter-rater intra-clinical scan”), as well as the intra-rater
inter-scan type reliability coefficient (between clinical and fast scans).
We estimated the overall inter-rater reliability between neuroradi-
ologists’ assessments for ratings of the given scan type, followed by
pairwise comparisons between each pair of raters. For overall intra-
rater inter-scan type reliability, we pooled the scores from all raters
to minimize the reliance on any single individual’s ratings, as described
elsewhere,*¢ followed by calculation of reliability for each individual
rater. We then compared reliability estimates by calculating (1) the
ratio of the inter-rater intra-fast scan coefficient to the inter-rater
intra-clinical scan coefficient (to address the question: is consistency
between raters as good for the fast scans as for the clinical scans?), and
(2) the ratio of the intra-rater inter-scan type coefficient to the inter-
rater intra-clinical scan coefficient (to address the question: is the con-
sistency of an individual rater assessing fast and clinical scans as good
as the consistency of different raters assessing the same clinical scan?).

Second, for the subset of clinical scans that was assessed by the
raters on two different occasions, we estimated the intra-rater intra-
clinical scan reliability between the two assessments of the clinical
scans, as well as the two estimates for the intra-rater inter-scan type
reliability between the fast scan and the first and second assessment of
the clinical scan.

To demonstrate the reliability of the fast scan, we sought to con-
firm that (1) inter-rater reliability estimates were similar for clinical
and fast scans, (2) assessments between the two scan types would
show greater reliability than that seen among different raters using the
standard-of-care clinical scan, and (3) that the reliability within rater
comparing the clinical scan on two different occasions would match the
within-rater reliability between clinical and fast scans.

All analyses initially used neuroradiologists ratings. An exploratory
analysis was then conducted that included the ratings from the neurol-

ogist alongside those of the neuroradiologists.
2.6 | Statistical analysis

The statistical analysis was performed in R, version 4.4.2.4° Continu-
ous variables with a normal distribution are summarized by mean and
SD, whereas skewed continuous variables are reported as median and
interquartile range (IQR). Categorical variables are presented as total

numbers and percentages.

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Percent agreement and the chance-corrected AC, and AC, coef-
ficients were estimated using the “irrCAC” package, version 1.0.0.°0
Bias-corrected and accelerated (BCa) 95% bootstrap confidence inter-
vals (Cls) for these coefficients and for the ratios between coefficients
were generated with 10,000 bootstrap samples at the subject level,
using the “boot” package, version 1.3-31.51:52 The bootstrap Cls for the
ratios were calculated on the log ratio scale, as this would be expected
to be more normally distributed, and exponentiated for interpretation.
Plots were generated using “ggplot2”, version 3.5.1.53

The original power calculation was based on the ability to show that
the assessment of the fast scan had excellent reliability with assess-
ments using standard-of-care clinical scans. We estimated that 130
participants would be needed to provide 80% power to demonstrate
that x was above the threshold of 0.8 for minimal acceptable agree-
ment between assessments with a one-sided 95% Cl, assuming that the
true x was 0.9. Subsequently, based on pilot data, we estimated that
to compare intra-rater reliability between scan types with inter-rater
reliability on the clinical scans, a sample size of at least 50 participants
would be sufficient to have 90% power to demonstrate superiority of

the intra-rater inter-scan versus inter-rater intra-clinical coefficients.

3 | RESULTS
3.1 | Participants
Two of the 92 participants were excluded from the analysis due to

incorrect image acquisition (see Figure S2). The median age of the
remaining 90 individuals was 62 (IQR 57-67); 41 (46%) were female

TABLE 2 Participant characteristics and clinical diagnoses.
Characteristic Value,n =90
Age, years* 62,IQR57-67
Female 41(45.6)
Clinical diagnoses
No evidence for neurodegenerative disease, 37(41.1)
structural abnormality, or vascular burden
AD 19(21.1)
Frontotemporal lobe degeneration 11(12.2)

Behavioral variant frontotemporal dementia 4(4.4)

Semantic variant primary progressive aphasia 3(3.3)

Right temporal lobe variant of frontotemporal 2(2.2)
lobe degeneration

Progressive non-fluent aphasia 2(2.2)
Vascular cognitive impairment or mixed disease 8(8.9)
Dementia with Lewy bodies 4(4.4)
Cerebral amyloid angiopathy (without evidence of 2(2.2)
co-pathology of AD on the scan)
Other diagnoses—see Table S2. 9(10)

Note: Unless otherwise specified, data are numbers of participants, with
percentages in parentheses.

Abbreviations: AD, Alzheimer’s disease; IQR, interquartile range.

*Age is reported as the median, IQR.
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FIGURE 1 Examples of MRI T1-weighted sequences from the clinical (A, C, E, G) and fast (B, D, F, H) protocols. A and B present coronal views
from a 60-year-old female participant with bilateral hippocampal atrophy. C and D show axial views from a 59-year-old male participant,
illustrating severe atrophy in the parietal lobes. Both participants underwent confirmatory CSF testing for AD. E and F depict coronal views from a
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(see Table 2 and Table S2). For four participants, one or more sequences
from the clinical scan were repeated due to severe motion artifacts,
whereas none of the fast sequences required repetition. In four other
cases, the fast protocol was acquired in its entirety after the clinical
protocol (i.e., not interleaved), as technical difficulties prevented the
prespecified order of sequence acquisition. Figures 1-3 show examples
of clinical and fast scans.

3.2 | Reliability analyses

Inter-rater reliability among neuroradiologists was similar for the clini-
cal and fast scans (see Table 3). For diagnosis, the "G4 coefficients were
0.54 (95% Cl: 0.45-0.62) for the fast scan and 0.58 (95% Cl: 0.50-
0.66) for the clinical scan, giving a ratio between the two estimates of
0.92(95% Cl:0.82-1.04). For the scores on MTA, Koedam, and Fazekas
scales, and estimations of microhemorrhages, the inter-rater reliabil-
ity on the fast protocol was comparable to that of the clinical protocol,
with all x¥°g, coefficient ratios being close to one. Likewise, for radio-
logical eligibility for DMTs, the x"g4 coefficients for the fast and clinical
scans were very similar, with a ratio of 1.02 (95% CI: 0.97-1.06).

Reliability within raters between the fast and clinical scans was con-
sistently higher than reliability between raters, as shown by the higher
1’1 and k", coefficients on the intra-rater measures (see Table 3). The
ratios comparing pooled intra-rater reliability between scan types with
inter-rater reliability on the clinical scan, along with their 95% Cls, were
all above 1, indicating that there was higher reliability when a neuro-
radiologist assessed clinical and fast scans on two different occasions
compared to when the standard-of-care clinical scan was reviewed by
their colleagues (see Figure S3 for a detailed pairwise analysis and
Table S3 for a similar exploratory analysis incorporating ratings from
the neurologist).

Figure 4 illustrates the intra-rater agreement analysis for the sub-
set of individuals whose clinical scans were evaluated on two separate
occasions by the neuroradiologists. For each metric, the three k" coef-
ficients and their 95% Cls largely overlap, showing similar reliability
estimates whether a neuroradiologist reviewed the same clinical scan
on two different occasions or assessed the fast scan for the same
individual (see Tables S4-Sé6 for further details).

4 | DISCUSSION

In this prospective clinical study, the reliability of the neuroradiolo-
gists’ assessments between highly accelerated and standard-of-care
MRI protocols was non-inferior to the reliability on the standard-of-

care scan in a real-world outpatient cognitive service. Both protocols

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

included four core sequences (T1w, T2w, FLAIR, and SWI), with the fast
scan reducing total acquisition time by 63% (from 17:39 to 6:29). Each
of the four fast sequences took less than 2 min to acquire.

Strikingly, the reliability of the image assessment between clinical
and fast scans within raters was consistently higher than the bench-
mark of reliability between neuroradiologists for the standard-of-care
clinical scan. Furthermore, the intra-rater reliability was very similar
whether the rating was made on the same clinical scan on two differ-
ent occasions, or the two ratings were on a fast and a clinical scan from
the same patient.

Taken together, these results mean that whether an individual had
a fast scan instead of the standard-of-care clinical scan introduced
less variability than the scan being assessed by different neuroradi-
ologists. Even for the same neuroradiologist, the fast versus clinical
variability was no greater than the same clinical scan viewed on two
separate occasions. Our results are consistent with previous studies
evaluating wave-CAIPI that investigated single sequences for image

quality23:25.54 24,55

or visual rating scales and morphometric measures,
but it is important to note that we evaluate the performance of a more
comprehensive fast diagnostic protocol, such as seen typically in the
diagnostic setting.

One of the main strengths of our study was its real-world approach
to patient recruitment. We enrolled consecutive individuals attend-
ing the outpatient service in whom an MRI brain scan was planned as
part of their routine clinical assessment—that is, an unselected group
and no distortion of clinical practice. Similarly, the assessment of scans
was designed to reflect typical workflows, where decisions are made
by a single radiologist rather than through consensus. By examining a
heterogeneous, clinically typical patient population under conditions
that mirror clinical practice, our study maximizes both the generaliz-
ability of the findings and their potential for translation into clinical
practice.”®>” We anticipate that our findings would generalize to other
centers using similar scanner hardware and protocol specifications,
specifically 3T systems with comparable head coil configuration; it is
likely that less time saving is possible at lower field strengths (e.g., 1.5T).

We also assessed whether accelerating the scans was detrimen-
tal to the assessment of eligibility for amyloid-lowering DMTs. There
was no difference between the reliability of assessments based on the
fast and the clinical protocols, and, here too, the variability between
scans was significantly less than between raters on the clinical scan.
This is important given that a potential bottleneck to accessing DMTs
is the availability of MRI. It may also be that highly accelerated scans
would be just as effective at the detection of amyloid-related imag-
ing abnormalities (ARIA), which would facilitate safe implementation
of these new therapies. It is important to note, however, that SWI
acquisitions (whether accelerated via wave-CAIPI or not) are generally

more sensitive to microhemorrhage detection than T2*-weighted gra-

62-year-old female participant demonstrating marked asymmetrical left-sided anterior temporal volume loss, consistent with semantic variant
primary progressive aphasia. G and H illustrate sagittal views from a 70-year-old male participant with C%orf72-related frontotemporal dementia,
showing generalized volume loss, which is particularly prominent in the frontal and temporal lobes. The topographic distribution of brain volume
loss is similar in the corresponding clinical and fast scans. AD, Alzheimer’s disease; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging.
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FIGURE 2 Examples of MRI FLAIR sequences from the clinical (A, C) and fast (B, D) protocols. A and B correspond to axial views from a
64-year-old male showing generalized brain volume loss, two areas in the left frontal and right parietooccipital lobes consistent with mature
infarcts and a moderate degree of small vessel disease. C and D illustrate axial views of a 74-year-old male with partially confluent white matter
signal abnormality and bilateral subcortical inferior frontal mature infarcts in keeping with small vessel disease. The imaging features of vascular
disease burden appears similarly conspicuous on the clinical (A and C) and fast (B and D) FLAIR sequences. FLAIR, fluid-attenuated inversion

recovery; MRI, magnetic resonance imaging.

dient recalled-echo sequences used in clinical trials. Further research
is needed to understand how incorporating SWI into accelerated
protocols affects patient eligibility and ARIA monitoring.

Our initial sample size was adjusted following optimization of the
fast protocol acquisition parameters, as the optimized sequences
showed very high correspondence to the clinical sequences on side-by-
side visual inspection. Based on this, we selected inter-rater reliability
on the clinical scans as a benchmark for comparison, which allowed a
reduction in the required sample size.

Our study is not without limitations. First, participants were
recruited from a specialist cognitive clinic, and scans were acquired
using a single imaging system (Siemens MAGNETOM Prisma Fit 3T).

As a result, our cohort is likely to be younger (although individuals
younger than 50 years of age were excluded), to include less common
clinical conditions, and to have less cerebrovascular disease compared
to the typical local memory service population. We also acknowledge
that, as the study was conducted at a single, specialist center, there
may be limited racial, ethnic, and socioeconomic representation. A lim-
itation is that such data were not collected. Furthermore, scans were
assessed by neuroradiologists rather than general radiologists. Never-
theless, it is plausible that older populations would particularly benefit
from faster acquisitions, as comorbidities may make it more difficult
for them to remain still in the scanner. In addition, neuroradiologists,

as neuroimaging experts, are more likely to be discerning of brain scan
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FIGURE 3 Examples of MRI SWI sequences from the clinical (A and C) and fast (B and D) protocols. A and B depict axial views from a
60-year-old female participant with many lobar microhemorrhages, in keeping with cerebral amyloid angiopathy. C and D illustrate axial views
from a 52-year-old male participant with critical illness-associated microhemorrhages with conspicuous involvement of the corpus callosum
following severe COVID-19. COVID-19, coronavirus disease 2019; MRI, magnetic resonance imaging; SWI, susceptibility-weighted imaging.

differences than general radiologists. Our exploratory analysis, which
included a non-imaging specialist, did not suggest that scan appearance
differences are likely to be a substantial factor affecting the diagnos-
tic utility of the fast scans. For practical reasons, we chose to assess a
single method (wave-CAIPI) for accelerating MRI. However, we believe
our findings are likely to be generalizable; other methods, such as
compressed sensing and artificial intelligence-enabled reconstruction,
should offer similar or potentially greater acceleration benefits in
this rapidly advancing field. Further research is needed to evaluate
fast imaging techniques across different vendors and field strengths.
Inevitably different scanner hardware and software performance will
influence the degree of acceleration that allows diagnostically useful
acquisitions. Although it seems likely that meaningful acceleration will
be possible across most contemporary MRI scanners, this needs full
assessment in the context of a multi-center evaluation.

Second, we did not formally assess scans for image quality or arti-
facts, as the primary aim of this study was to evaluate the diagnostic
reliability of the fast scan. However, any substantial image quality
degradation would likely have been reflected in reduced reliability

estimates. In addition, and as per routine clinical practice, radiogra-

phers were instructed to immediately assess sequence quality and
re-acquire scans if necessary. Again, to minimize disruption to clinical
workflows, the acquisition order was kept consistent throughout the
study, with the fast sequence acquired prior to the corresponding clin-
ical standard sequence, which may also be a limitation of our study.
With these caveats, we note that in four cases, one or more clinical
sequences required re-acquisition due to motion artifacts, whereas no
fast sequences needed repetition.

Third, we did not assess overall MRI slot duration, which includes
time allocated to getting into and out of the scanner as well as localiz-
ing (scout) sequences. These essential steps become a more substantial
proportion of the overall patient visit as the core scan protocol duration
is reduced, and optimization of these steps is therefore increasingly
worthy of focus.

Finally, it is worth noting that we chose only to include four, admit-
tedly key, sequences in the scan protocols.3! There may be instances
when individuals will need additional sequences, for example, contrast-
enhanced or diffusion-weighted imaging. Nevertheless, we believe that
the sequences chosen are the workhorse sequences for the clinical

context. Although some patients may need to return for a further scan
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TABLE 3 Reliability between neuroradiologists on the clinical scan, on the fast scan, and between scan type across raters.

Question:

Diagnosis on the scan
MTA score

Koedam score
Fazekas score
Microhemorrhages

Radiological eligibility
for amyloid-lowering
DMTs

How reliable is the
assessment among raters
on the clinical scan?

How reliable is the
assessment among raters
on the fast scan?

Inter-rater intra-clinical
scan reliability

Pa ¥ (95% Cl)

0.72 0.58 (0.50, 0.66)
0.97 0.90(0.88,0.92)
0.93 0.79(0.75,0.83)
0.96 0.87 (0.85,0.89)
0.98 0.97 (0.96,0.98)
0.92 0.88 (0.80,0.95)

Inter-rater intra-fast scan
reliability

Pa 1 (95% Cl)
0.69 0.54(0.45,0.62)
0.97 0.88(0.85,0.90)
0.93 0.80(0.75,0.84)
0.96 0.86(0.84,0.88)
0.98 0.96 (0.95,0.98)
0.93 0.90(0.83,0.95)

0.92(0.82,1.04)
0.97(0.95,0.99)
1.01(0.97,1.05)
0.99(0.97,1.01)
0.99 (0.98, 1.00)
1.02(0.97, 1.06)

How reliable is the
assessment between
clinical and fast scans?

Pooled intra-rater
inter-scan type reliability

Pa K6 (95% Cl)

0.86 0.80 (0.74, 0.85)
0.99 0.98(0.97,0.98)
0.98 0.94(0.93,0.96)
0.98 0.95 (0.94,0.96)
0.99 0.99 (0.99,0.99)
0.98 0.97(0.95,0.99)

1.37(1.21,1.58)
1.08 (1.06, 1.10)
1.19(1.14, 1.25)
1.09(1.07,1.12)
1.02(1.01,1.03)
1.10(1.03,1.19)

Note: The first row indicates the question, and the second row is the statistical metric used to address that question. Data correspond to percent agreement
(pa) and x"g coefficient with 95% Cl in parenthesis. k"4 is used for diagnosis on the scan and radiological eligibility for DMTs in AD; ", is used for visual rating
scales and estimations of microhemorrhages.
Abbreviations: AD, Alzheimer's disease; Cl, confidence interval; DMTs, disease-modifying therapies; MTA, medial temporal lobe atrophy.

Ratio 1: Ratio of inter-rater intra-fast x"g to inter-rater intra-clinical scan x"g (95% Cl).

Ratio 2: Ratio of intra-rater inter-scan type g to the inter-rater intra-clinical scan " (95% ClI)

Reliability Coefficient (Rg)
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FIGURE 4 Pooled intra-rater agreement estimates for the subset of individuals whose clinical scans were evaluated on two separate
occasions. Vertical bars represent «"g coefficients with 95% Cls. A shows x"g1 for diagnosis on the scan (three categories: normal, AD, other
diagnoses). B, C, and E show quadratic-weighted kg, for visual scale ratings. D shows x"g1 for radiological eligibility for DMTs in AD. F shows
quadratic-weighted x5 for microhemorrhage estimation. AD, Alzheimer’s disease; Cls, confidence intervals; DMTs, disease-modifying therapies.

with additional sequences, we believe that our approach is a pragmatic

one to address the huge demand for MRI.

Our study serves as a proof of concept that accelerated sequences
within an optimized protocol can achieve substantial time savings
without compromising diagnostic utility. Reducing the time needed

for scans could increase access to MRI and reduce costs. Shorter

culty remaining still for long scans. Highly accelerated MRI protocols

scans should improve patient experience, many of whom have diffi-

could help stretched clinical services to deliver a timely diagnosis to
the increasing numbers of individuals with cognitive concerns and to
assess eligibility for DMTs for AD before individuals are too severely
affected to benefit.

85UB017 SUOLILLIOD BAIER1D 3|qedtjdde aup Aq pausenoh s s3joe WO ‘8sn JO S9N 10y Afeiq 1 8UIIUO A8]IM UO (SUORIPUOD-PUE-SWISHALID™AB | 1M ARe.q1 U1 |UD//SANY) SUOBIPUOD PUe SWis | 84} 835 *[5202/90/2] Uo Ariqi auluo A8 |IM ‘1581 AQ TFE0L ZIR/200T OT/I0p/wiod" A | Im Afeq 1 pul|Uo'S feuano [z fe//:sdny Wwoly papeo|umoq ‘9 ‘SZ0e ‘6.252SST



ROSA-GRILO ET AL.

Alzheimer’s &Dementia® | 11012

ACKNOWLEDGMENTS

This research was funded by the Alzheimer’s Society Heather Cor-
rie Impact Fund (grant number 577 [AS-PG-21-045]), Biogen Idec
UK, the National Institute for Health and Care Research University
College London Hospitals Biomedical Research Centre (NIHR UCLH
BRC), and the Rosetrees Trust (CF-2022-2\128). The authors grate-
fully acknowledge Dr Christina Triantafyllou and Dr lulius Dragonu
(Siemens Healthineers) for their valuable support during the develop-
ment of this project.

CONFLICT OF INTEREST STATEMENT

C.J.M. has received consulting fees from Biogen, Roche, Lilly, Eisai,
Novartis, Neurimmune, Merck Sharp & Dohme (MSD), and Glaxo-
SmithKline (GSK), and is on the advisory board for Immunobrain.
C.S.R.B. has no conflicts of interest. D.C.A. is a shareholder of Queen
Square Analytics Limited, and has received grants from UK Research
and Innovation (UKRI), the Wellcome Trust, and the National Institute
for Health and Care Research University Collehe London Hospitals
Biomedical Research Centre (NIHR UCLH BRC). D.LT. has received
support from the NIHR UCLH BRC and Alzheimer’s Society. D.M., and
E.A.L. have no conflicts of interest. F.B. is a Steering Committee or
Data Safety Monitoring Board member for Biogen, Merck, Eisai, and
Prothena, and is an advisory board member for Combinostics, Scottish
Brain Sciences, and Alzheimer Europe. F.B. is a consultant for Roche,
Celltrion, Rewind Therapeutics, Merck, and Bracco, and has research
agreements with ADDI, Merck, Biogen, GE Healthcare, and Roche. F.B.
is co-founder and shareholder of Queen Square Analytics Limited. F.B.
is supported by the NIHR UCLH BRC. F.U. has no conflicts of inter-
est. G.J.M.P. receives salary from, is a director of, and holds stock in
Bioxydyn Limited. G.J.M.P. is a director of and holds stock in Quantita-
tive Imaging Limited. G.J.M.P. is a director of and holds stock in Queen
Square Analytics Limited. G.J.M.P. has received research grant fund-
ing from Biogen, GSK, Eli Lilly, and Siemens. H.R.C. has no conflicts of
interest. H.R.J. has been supported by Rosetrees Trust, has received
royalties from Springer Nature Publishers and has participated on data
safety monitoring/advisory board for Merck. J.M.N. is supported by
NIHR UCLH BRC. M.B., and M.R.G. have no conflicts of interest. N.C.F.
has received consulting fees from Eisai, F. Hoffmann-La Roche, Eli Lilly,
and Biogen, and is an advisory board member for Biogen and Abbvie.
N.M.is supported by NIHR UCLH BRC. O.N. has no conflicts of interest.
Author disclosures are available in the Supporting Information.

CONSENT STATEMENT
All human subjects involved in this study provided written informed

consent.

REFERENCES

1. 2022 Alzheimer’s disease facts and figures. Alzheimers Dement.
2022;18:700-789.d0i:10.1002/alz.12638

2. Belder CRS, Schott JM, Fox NC. Preparing for disease-modifying ther-
apies in Alzheimer’s disease. Lancet Neurol. 2023;22:782-783. doi: 10.
1016/51474-4422(23)00274-0

3. NICE guideline. Dementia: Assessment, Management And Support for
People Living with Dementia and Their Carers. 2018. (Accessed Febru-
ary 22, 2023). https://www.nice.org.uk.2018, https://www.nice.org.
uk/guidance/ng97

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

. Rayment D, BijuM, Zheng R, Kuruvilla T. Neuroimaging in dementia: an

update for the general clinician. Prog Neurol Psychiatry. 2016;20:16-20.
doi:10.1002/pnp.420

. Kuruvilla T, Zheng R, Soden B, Greef S, Lyburn I. Neuroimaging in a

memory assessment service: a completed audit cycle. The Psychiatric
Bulletin. 2014;38:24-28.d0i:10.1192/pb.bp.113.043398

. Essel R, Fitch-Bunce C, Garling E, et al. National Audit of Dementia:

Fifth round report. Royal College of Psychiatrists; 2022.

. Scheltens P, Fox N, Barkhof F, De Carli C. Structural magnetic res-

onance imaging in the practical assessment of dementia: beyond
exclusion. Lancet Neurol. 2002;1:13-21. doi:10.1016/51474-4422(02)
00002-9

. Cummings J, Apostolova L, Rabinovici GD, et al. Lecanemab: appropri-

ate use recommendations. J Prev Alzheimers Dis. 2023;10(3):362-377.
doi:10.14283/jpad.2023.30

. Sims JR, Zimmer JA, Evans CD, et al. Donanemab in early symptomatic

Alzheimer disease: the TRAILBLAZER-ALZ 2 randomized clinical trial.
JAMA. 2023;330(6):512-527.doi:10.1001/jama.2023.13239

Barkhof F, Fox NC, Bastos-Leite AJ, Scheltens P. Neuroimaging in
Dementia. 1st ed. Springer-Verlag; 2011. doi:10.1007/978-3-642-
00818-4

Harper L, Barkhof F, Scheltens P, Schott JM, Fox NC. An algo-
rithmic approach to structural imaging in dementia. J Neurol
Neurosurg Psychiatry. 2014;85:692-698. doi:10.1136/jnnp-2013-
306285

Jack CR, Bernstein MA, Borowski BJ, et al. Update on the magnetic
resonance imaging core of the Alzheimer’s disease neuroimaging ini-
tiative. Alzheimers Dement. 2010;6:212-220. doi:10.1016/j.jalz.2010.
03.004

Manning EN, Leung KK, Nicholas JM, et al. A Comparison of acceler-
ated and non-accelerated MRI scans for brain volume and boundary
shift integral measures of volume change: evidence from the ADNI
dataset. Neuroinformatics. 2017;15:215-226. doi:10.1007/512021-
017-9326-0

Cogswell PM, Aakre JA, Castillo AM, et al. Population-based preva-
lence of infarctions on 3D fluid-attenuated inversion recovery (FLAIR)
imaging. J Stroke Cerebrovasc Dis. 2022;31(8):106583. doi:10.1016/j.
jstrokecerebrovasdis.2022.106583

Sepehry AA, Lang D, Hsiung GY, Rauscher A. Prevalence of brain
microbleeds in Alzheimer disease: a systematic review and meta-
analysis on the influence of neuroimaging techniques. Am J Neuroradiol.
2016;37:215-222.d0i:10.3174/ajnr.A4525

Hamilton J, Franson D, Seiberlich N. Recent advances in parallel imag-
ing for MRI. Prog Nucl Magn Reson Spectrosc. 2017;101:71-95. doi:10.
1016/j.pnmrs.2017.04.002

Larkman DJ, Hajnal JV, Herlihy AH, Coutts GA, Young IR,
Ehnholm G. Use of multicoil arrays for separation of signal from
multiple slices simultaneously excited. J Magn Reson Imaging.
2001;13:313-317. doi:10.1002/1522-2586(200102)13:2(313::AlD-
JMRI1045)3.0.CO;2-W

Lustig M, Donoho D, Pauly JM. Sparse MRI: the application of
compressed sensing for rapid MR imaging. Magn Reson Med.
2007;58:1182-1195.doi:10.1002/mrm.21391

Bilgic B, Gagoski BA, Cauley SF, et al. Wave-CAIPI for highly acceler-
ated 3D imaging. Magn Reson Med. 2015;73:2152-2162. doi:10.1002/
mrm.25347

Breuer FA, Blaimer M, Mueller MF, et al. Controlled aliasing in
volumetric parallel imaging (2D CAIPIRINHA). Magn Reson Med.
2006;55:549-556.d0i:10.1002/mrm.20787

Moriguchi H, Duerk JL. Bunched phase encoding (BPE): a new fast data
acquisition method in MRI. Magn Reson Med. 2006;55:633-648. doi: 10.
1002/mrm.20819

Longo MGF, Conklin J, Cauley SF, et al. Evaluation of UltrafastWave-
CAIPI MPRAGE for visual grading and automated measurement of
brain tissue volume. Am J Neuroradiol. 2020;41:1388-1396. doi:10.
3174/ajnr.A6703

85UB017 SUOLILLIOD BAIER1D 3|qedtjdde aup Aq pausenoh s s3joe WO ‘8sn JO S9N 10y Afeiq 1 8UIIUO A8]IM UO (SUORIPUOD-PUE-SWISHALID™AB | 1M ARe.q1 U1 |UD//SANY) SUOBIPUOD PUe SWis | 84} 835 *[5202/90/2] Uo Ariqi auluo A8 |IM ‘1581 AQ TFE0L ZIR/200T OT/I0p/wiod" A | Im Afeq 1 pul|Uo'S feuano [z fe//:sdny Wwoly papeo|umoq ‘9 ‘SZ0e ‘6.252SST


https://doi.org/10.1002/alz.12638
https://doi.org/10.1016/S1474-4422(23)00274-0
https://doi.org/10.1016/S1474-4422(23)00274-0
https://www.nice.org.uk.2018
https://www.nice.org.uk/guidance/ng97
https://www.nice.org.uk/guidance/ng97
https://doi.org/10.1002/pnp.420
https://doi.org/10.1192/pb.bp.113.043398
https://doi.org/10.1016/S1474-4422(02)00002-9
https://doi.org/10.1016/S1474-4422(02)00002-9
https://doi.org/10.14283/jpad.2023.30
https://doi.org/10.1001/jama.2023.13239
https://doi.org/10.1007/978-3-642-00818-4
https://doi.org/10.1007/978-3-642-00818-4
https://doi.org/10.1136/jnnp-2013-306285
https://doi.org/10.1136/jnnp-2013-306285
https://doi.org/10.1016/j.jalz.2010.03.004
https://doi.org/10.1016/j.jalz.2010.03.004
https://doi.org/10.1007/s12021-017-9326-0
https://doi.org/10.1007/s12021-017-9326-0
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106583
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106583
https://doi.org/10.3174/ajnr.A4525
https://doi.org/10.1016/j.pnmrs.2017.04.002
https://doi.org/10.1016/j.pnmrs.2017.04.002
https://doi.org/10.1002/1522-2586(200102)13:2%3C313::AID-JMRI1045%3E3.0.CO;2-W
https://doi.org/10.1002/1522-2586(200102)13:2%3C313::AID-JMRI1045%3E3.0.CO;2-W
https://doi.org/10.1002/mrm.21391
https://doi.org/10.1002/mrm.25347
https://doi.org/10.1002/mrm.25347
https://doi.org/10.1002/mrm.20787
https://doi.org/10.1002/mrm.20819
https://doi.org/10.1002/mrm.20819
https://doi.org/10.3174/ajnr.A6703
https://doi.org/10.3174/ajnr.A6703

o1z | Alzheimer’s & Dementia’

23.

24,
25.

26.
27.
28.

29.

30.

31
32.

33.
34.

35.

36.
37.

38.

39.

40.

ROSA-GRILO ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

Ngamsombat C, Gongalves Filho ALM, Longo MGF, et al. Evalu-
ation of ultrafastwave-controlled aliasing in parallel imaging 3d-
flair in the visualization and volumetric estimation of cerebralwhite
matter lesions. Am J Neuroradiol. 2021;42:1584-1590. doi:10.3174/
ajnr.A7191

Elliott ML, Hanford LC, Hamadeh A, et al. Brain morphometry in
older adults with and without dementia using extremely rapid struc-
tural scans. Neuroimage. 2023;276. doi:10.1016/j.neuroimage.2023.
120173

Conklin J, Longo MGF, Cauley SF, et al. Validation of highly accelerated
WAVE-CAIPI SWI compared with conventional SWI and T2*-weighted
gradient recalled-echo for routine clinical brain MRI at 3T. Am J
Neuroradiol. 2019;40:2073-2080. d0i:10.3174/ajnr.A6295

Polak D, Cauley S, Huang SY, et al. Highly-accelerated volumetric
brain examination using optimized wave-CAIPI encoding. J Magn Reson
Imaging. 2019;50:961-974. doi:10.1002/jmri.26678

Kanal E, Barkovich AJ, Bell C, et al. ACR guidance document on MR safe
practices: 2013. J Magn Reson Imaging. 2013;37:501-530. doi:10.1002/
jmri.24011

Grilo MAR, Chughtai HR, Thomas DL, et al. An ultra-fast MRI
protocol in dementia enabled by Wave-CAIPI. Alzheimers Dement.
2023;19(6):2229-2237.d0i:10.1002/alz.082396

Chughtai H, Thomas D, Rosa-Grilo M, et al. An ultra-fast dementia
diagnosis MRI protocol enabled by Wave-CAIPI. Presented at: Inter-
national Society for Magnetic Resonance in Medicine (ISMRM)
Annual Meeting; 2023. Abstract #0416. doi:10.58530/2023/
0416

Chughtai HR, Rosa-Grilo M, Thomas DL, et al. An Extendable Web-Based
Tool for Online Radiological Assessment of Imaging Protocols. ISMRM &
ISMRT Annual Meeting & Exhibition; 2024.

Vernooij MW, Pizzini FB, Schmidt R, et al. Dementia imaging in clini-
cal practice: a European-wide survey of 193 centres and conclusions
by the ESNR working group. Neuroradiology. 2019;61:633-642. doi: 10.
1007/s00234-019-02188-y

Scheltens P, Kuiper M, Ch Wolters E, et al. Atrophy of medial tempo-
ral lobes on MRl in “probable” Alzheimer’s disease and normal ageing:
diagnostic value and neuropsychological correlates. J Neurol Neurosurg
Psychiatry. 1992;55:967-972.d0i:10.1136/jnnp.55.10.967

Koedam ELGE, Lehmann M, Van Der Flier WM, et al. Visual assessment
of posterior atrophy development of a MRI rating scale. Eur Radiol.
2011;21:2618-2625. doi:10.1007/s00330-011-2205-4

Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerma RA. MR signal
abnormalities at 1.5 T in Alzheimer’s dementia and normal aging. AJR
Am J Roentgenol. 1987;149(2):351-356.

McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of
dementia due to Alzheimer’s disease: recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:263-269.doi:10.1016/j.jalz.2011.03.005

Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised diag-
nostic criteria for the behavioural variant of frontotemporal dementia.
Brain. 2011;134:2456-2477.d0i:10.1093/brain/awr179

McKeith IG, Boeve BF, Dickson DW, et al. Diagnosis and management
of dementia with Lewy bodies. Neurology. 2017;89:88-100. doi:10.
1212/WNL.0000000000004058

Van Straaten ECW, Scheltens P, Knol DL, et al. Operational definitions
for the NINDS-AIREN criteria for vascular dementia an interobserver
study. Stroke. 2003;34:1907-1912.doi:10.1161/01.STR.0000083050.
44441.10

Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of pri-
mary progressive aphasia and its variants. Neurology. 2011;76:1006-
1014.doi:10.1212/WNL.0b013e31821103e6

Nelson PT, Dickson DW, Trojanowski JQ, et al. Limbic-predominant
age-related TDP-43 encephalopathy (LATE): consensus working group
report. Brain. 2019;142:1503-1527. doi:10.1093/brain/awz099

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

55.

56.

57.

Charidimou A, Boulouis G, Pasi M, et al. The Boston criteria ver-
sion 2.0 for cerebral amyloid angiopathy: a multicentre, retrospec-
tive, MRI-neuropathology diagnostic accuracy study. Lancet Neurol.
2022;21:714-725.

Relkin N, Marmarou A, Klinge P, Bergsneider M, Black PMCL.
Diagnosing Idiopathic Normal-pressure Hydrocephalus. Neurosurgery.
2005;57:52-4-52-16. doi:10.1227/01.NEU.0000168185.29659.C5
Ladopoulos T, Zand R, Shahjouei S, et al. COVID-19: neuroimaging Fea-
tures of a Pandemic. J Neuroimaging. 2021;31:228-243. doi:10.1111/
jon.12819

Belder CRS, Chokesuwattanaskul A, Marshall CR, Hardy CJD, Rohrer
JD, Warren JD. The problematic syndrome of right temporal lobe atro-
phy: unweaving the phenotypic rainbow. Front Neurol. 2023;13. doi: 10.
3389/fneur.2022.1082828

Gwet KL. Computing inter-rater reliability and its variance in the pres-
ence of high agreement. Br J Math Stat Psychol. 2008;61:29-48. doi: 10.
1348/000711006X126600

Gwet KL. Handbook of inter-rater reliability. AgreeStat Analytics. 5th
ed. 2021.

U.S. Food and Drug Administration. Highlights of Prescribing Infor-
mation: ADUHELM (aducanumab-avwa) Injection, for Intravenous Use.
2021. Accessed September 17, 2024. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2021/761178s000Ibl.pdf

CavallinL, Leken K, Engedal K, et al. Overtime reliability of medial tem-
poral lobe atrophy rating in a clinical setting. Acta Radiol. 2012;53:318-
323.d0i:10.1258/ar.2012.110552

R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing; 2023.

Gwet KL. irrCAC: Computing Chance-Corrected Agreement Coefficients
(CAC). 2019.

Canty A, Ripley BD. boot: Bootstrap R (S-Plus) Functions. R Foundation
for Statistical Computing; 2024.

Davison AC, Hinkley DV. Bootstrap Methods and their Application. Cam-
bridge University Press; 1997.d0i:10.1017/CBO9780511802843
Wickham H. ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag;
2016.

. Goncalves Filho ALM, Longo MGF, Conklin J, et al. MRI Highly

Accelerated Wave-CAIPI T1-SPACE versus Standard T1-SPACE to
detect brain gadolinium-enhancing lesions at 3T. J Neuroimaging.
2021;31:893-901.d0i:10.1111/jon.12893

Tabari A, Conklin J, Gabriela M, et al. Comparison of ultrafast wave-
controlled aliasing in parallel imaging (CAIPI) magnetization-prepared
rapid acquisition gradient echo (MP-RAGE) and standard MP-RAGE
in non-sedated children: initial clinical experience. Pediatr Radiol.
2021;51:2009-2017.doi:10.1007/s00247-021-05117-5/Published
Blonde L, Khunti K, Harris SB, Meizinger C, Skolnik NS. Interpretation
and impact of real-world clinical data for the practicing clinician. Adv
Ther. 2018;35:1763-1774.d0i:10.1007/s12325-018-0805-y

Tunis SR, Stryer DB, Clancy CM. Practical clinical trials increasing the
value of clinical research for decision making in clinical and health
policy. JAMA. 2003;290(12):1624-1632.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Rosa-Grilo M, Chughtai HR, Thomas
DL, et al. Ultra-fast MRI for dementia diagnosis and treatment
eligibility: A prospective study. Alzheimer’s Dement.
2025;21:€70341. https://doi.org/10.1002/alz.70341

85U8017 SUOWILIOD BAIIE8.D) 8|0eo!dde 8y} Aq pausencb afe seone VO ‘8sn Jose|nl 1o} Ariqi]8ul|uo A8|IM UO (SUONIPUOD-pUR-SLILIB)AL0D A3 |Im° AfeIq 1[pUT|UO//SANY) SUORIPUOD PUe SWB | 83U} 88S *[5202/90/v2] Uo ARiqiTauliuo /8|IM ‘B2 1 Aq TYE0. Z[e/200T 0T/10p/w0o Ao | Areiq1jpuljuo's euino -z fe//sdny wouy pepeojumod ‘9 ‘SZ0Z ‘6/252SST


https://doi.org/10.3174/ajnr.A7191
https://doi.org/10.3174/ajnr.A7191
https://doi.org/10.1016/j.neuroimage.2023.120173
https://doi.org/10.1016/j.neuroimage.2023.120173
https://doi.org/10.3174/ajnr.A6295
https://doi.org/10.1002/jmri.26678
https://doi.org/10.1002/jmri.24011
https://doi.org/10.1002/jmri.24011
https://doi.org/10.1002/alz.082396
https://doi.org/10.58530/2023/0416
https://doi.org/10.58530/2023/0416
https://doi.org/10.1007/s00234-019-02188-y
https://doi.org/10.1007/s00234-019-02188-y
https://doi.org/10.1136/jnnp.55.10.967
https://doi.org/10.1007/s00330-011-2205-4
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1212/WNL.0000000000004058
https://doi.org/10.1161/01.STR.0000083050.44441.10
https://doi.org/10.1161/01.STR.0000083050.44441.10
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1093/brain/awz099
https://doi.org/10.1227/01.NEU.0000168185.29659.C5
https://doi.org/10.1111/jon.12819
https://doi.org/10.1111/jon.12819
https://doi.org/10.3389/fneur.2022.1082828
https://doi.org/10.3389/fneur.2022.1082828
https://doi.org/10.1348/000711006X126600
https://doi.org/10.1348/000711006X126600
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761178s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761178s000lbl.pdf
https://doi.org/10.1258/ar.2012.110552
https://doi.org/10.1017/CBO9780511802843
https://doi.org/10.1111/jon.12893
https://doi.org/10.1007/s00247-021-05117-5/Published
https://doi.org/10.1007/s12325-018-0805-y
https://doi.org/10.1002/alz.70341

	Ultra-fast MRI for dementia diagnosis and treatment eligibility: A prospective study
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study population
	2.2 | Image acquisition
	2.3 | Image evaluation
	2.4 | Clinical diagnoses
	2.5 | Aims of the study
	2.6 | Statistical analysis

	3 | RESULTS
	3.1 | Participants
	3.2 | Reliability analyses

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	REFERENCES
	SUPPORTING INFORMATION


