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BACKGROUND

* Elevated magnetic susceptibility of the
substantia nigra pars compacta (SNc) is a
feature of pathologically confirmed Lewy
body disease.

* The International Society for Magnetic
Resonance in Medicine (ISMRM)
recommended consensus guidelines for
Quantitative Susceptibility Mapping (QSM),
proposing acquisitions with three or more
echoes and a maximum isotropic voxel size of
<1 mm3.

» The sensitivity and specificity of the ISMRM-
recommended protocol have not been
evaluated against other commonly used
protocols in dementia research.

* Alzheimer’s Disease Neuroimaging Initiative
Phase-4 (ADNI4) protocol, which utilizes a
high in-plane resolution, anisotropic multi-
echo gradient echo (MEGRE) protocol
(0.5 % 0.5 X 1.8mm?®) with five echoes,
designed for the dual uses of QSM and visual
microbleed evaluation.

*  We compared SNc QSM from ISMRM and
ADNI4 protocols to distinguish Alzheimer’s
disease dementia (AD) from dementia with
Lewy bodies (DLB).

METHODS

A cohort of 45 AD patients (average age=71.8,
SD=10.8) and 19 DLB patients (average
age=70.5, SD=6.4) underwent 3T-MRI scans
using both the six-echo ISMRM and ADNI4
MEGRE protocols. To evaluate the impact of the
number of echoes, the standard five-echo ADNI4
acquisition was modified to include an additional
sixth echo at the end of the sequence. STI Suite,
implemented in Matlab, was used to generate
QSM maps in the SNc.

©2026 Mayo Foundation for Medical Education and Research

PIPELINE

Division of Radiology, *Division of Neurology, 3Division of Quantitative Health Sciences

INPUT DATA
(ME(‘RE MAG + PHASE)

MEGRE

\MAG

Registration of Quantitative Susceptibility

Extraction of Substantia Nigra (SN) QSM \
Mapping (QSM) Images into MCALT Space

Values Using an Atlas-Based Approach

MCALT SN Atlas

CORRELATION and
ROC ANALYSIS

MEGRE QsM

PHASE / \IMAGES

QSM in SN in MCALT

PN

SN with Atlas

/

Figure 1. Image-processing pipeline used to extract SNc¢ values for analysis. Raw magnitude and phase images were first used to
compute QSM. The resulting QSM images were then registered to MCALT space, after which the atlas was applied to extract
subject-level SNc values for all protocols (ISMRM, ADNI4 5-echo, and ADNI4 6-echo).

SPEARMAN RANK CORRELATION

The correlation of ISMRM and ADNI4-5echo is shown on the left, and the ISMRM and ADNI4-6echo is
shown in the middle. Adding a sixth echo to the ADNI4 protocol did not meaningfully affect its correlation
with the ISMRM protocol. On the right, the correlation of the ADNI4-5echo and 6echo protocols is shown.
The very high correlation suggests that the additional echo has minimal impact on SNc¢ QSM values.
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Figure 2. Spearman rank correlation plots. Correlations for ISMRM versus ADNI4 5-echo (left), ISMRM versus ADNI4 6-echo
(middle), and ADNI4 5-echo versus 6-echo (right). The additional echo has minimal impact on SNc QSM values.

ROC ANALYSIS

ROC analysis showed the highest area under the curve (AUC) with the five-echo ADNI4 (AUC=0.74),
followed closely by the six-echo ADNI4 protocol (AUC=0.73), and finally the ISMRM protocol (AUC=0.67)
for distinguishing AD and DLB. DeLong test comparing the ROC curves was not statistically significant
(pfive-echo= 0.529, psix-echo=0.558).
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Figure 3. ROC Analysis. ROC curves for AD versus DLB. ADNI4-5echo and 6echo showed similar AUCs (0.74 and 0.73), while
ISMRM had an AUC of 0.67. The differences were not statistically significant.
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SUMMARY

* Quantitative susceptibility mapping (QSM) of
the substantia nigra pars compacta (SNc) can
be utilized in distinguishing Alzheimer’s
disease (AD) dementia from dementia with
Lewy bodies (DLB).

* Both ADNI4 (five-echo and six-echo) protocol
variants presented very high correlation,
indicating very minimal impact of number of
echoes on protocol performance.

* ADNIA4 protocol variants exhibited slightly
higher area under the ROC curve (AUC)
values compared to the ISMRM consensus
protocol, but these differences were not
statistically significant.

» Either ADNI4 or ISMRM protocol can be
applied for QSM analysis in clinical and
research settings without compromising
diagnostic performance.

CONCLUSIONS

*  We were not able to detect that QSM derived
from the Imm isotropic MEGRE protocol
based on the ISMRM recommendations can
distinguish AD and DLB better than the non-
isotropic ADNI4 MEGRE protocol which has
higher in-plane resolution designed for QSM
and visual microbleed evaluation in the SNc.

* There is no evidence that an extra echo in
ADNI4 altered the QSM in the SNc.
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