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Background
One major thrust in radiology today is

image standardization with a focus on rapid,
quantitative, multi-contrast data collection
and processing. 

Methods
Strategically acquired gradient echo

(STAGE) imaging1-4 is one such method that
uses multiple flip angles and multiple echo
times. It can provide 8 qualitative and 7
quantitative images as well as transmit field
B1 transmit field and B1 receive field maps
in 4-6 minutes or less on a 3T magnetic res-
onance (MR) scanner. STAGE provides
qualitative images in the form of proton den-
sity-weighted images, T1 weighted images
and T2* weighted images. STAGE provides
quantitative data in the form of proton spin
density (PSD), T1, T2* and susceptibility
maps as well as segmentation of white mat-

ter, gray matter and cerebrospinal fluid via
simulated double inversion recovery (sDIR)
images. STAGE has been tested using the
NIST phantom and yields intrasubject errors
of only 1-2% and intrasubject variation of 2
to 5% (depending on the size of the structure
being evaluated, with larger structures hav-
ing less error). Contrast-to-noise ratio
(CNR) measurements show that the T1WE
images are comparable to the conventional
T1W MP-RAGE images. Today these quan-
titative measures are providing new bio-
markers for imaging a variety of neurode-
generative diseases (Figure 1).

Results
During the last few years, we have

focused on measuring iron content and neu-
romelanin (NM) in the substantia nigra
(SN) for comparing idiopathic Parkinson’s
disease (PD) with healthy controls and
patients with other movement disorders. We
have found that the volume of NM, the iron
content of the SN, the volume of the SN and
the N1 sign all together can provide an area
under the curve of 95% in distinguishing
PD from healthy controls.5 We have devel-
oped a template of the midbrain to allow for
automatic detection and quantification of
these properties. We use tSWI to enhance
the N1 sign visibility. We have also used
STAGE to study multiple sclerosis (MS)
lesions. QSM can be used to map changes
in white matter susceptibility and potential-
ly correlated with demyelination. We pro-
vide a composite image using tSWI com-
bined with fluid-attenuated inversion recov-

ery (FLAIR) to highlight those lesions that
are purely inflammatory from inflammatory
demyelinating lesions. Recently we have
begun to study the use of absolute water
content as a measure of lesion atrophy.
Higher water content means a higher likeli-
hood of tissue damage. This also explains
why the presence of “black holes” seen in
T1W images of MS patients tends to corre-
late with the expanded disability status
score. 

Conclusions
In summary, STAGE provides a com-

prehensive clinical imaging protocol that,
combined with diffusion-weighted imaging
(DWI) and FLAIR, can yield a standardized
10-minute (3T) o 15-minute (1.5T) imaging
protocol of the entire brain across all manu-
facturers.
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Figure 1. A) PSD map, B) T1W enhanced; C) R2* map; D) QSM; E) T1 map; F) PSD
weighted; G) SWI; and     H) simulated double inversion recovery (sDIR) for gray matter.
Resolution 0.67 x 1 x 1.34mm3, 3 echo data, total time 4min48sec per flip angle. 

                                                                        [Veins and Lymphatics 2022; 11:10949]                                                       [page 15]

Non commercial use only



                             Article

[page 16]                                                        [Veins and Lymphatics 2022; 11:10949]

for RF inhomogeneities in estimating
T1 and proton density. Magn Reson
Imaging. 2018;46:140-150.

3. Haacke EM, Chen Y, Utriainen D, et al.
STrategically Acquired Gradient Echo
(STAGE) imaging, part III: Technical
advances and clinical applications of a
rapid multi-contrast multi-parametric
brain imaging method. Magn Reson

Imaging. 2020;65:15-26.
4. Pirastru A, Chen Y, Pelizzari L, et al.

Quantitative MRI using STrategically
Acquired Gradient Echo (STAGE):
optimization for 1.5 T scanners and T1
relaxation map validation. Eur Radiol.
2021;31:4504-4513.

5. He N, Ghassaban K, Huang P, et al.
Imaging iron and neuromelanin simul-

taneously using a single 3D gradient

echo magnetization transfer sequence:

Combining neuromelanin, iron and the

nigrosome-1 sign as complementary

imaging biomarkers in early-stage

Parkinson's disease. Neuroimage.

2021;230:117810. 

Non commercial use only




