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TOOLBOX of METHODS for FAT MRI

Water (Lean Tissue) vs. Fat
Signal Contrast

T1, T2-weighting

Inversion Recovery (STIR, |FLAIR)
(e.g. T1 nulling)

Frequency-Selective (FatJSat.
Methods CHESS)

ift-Encoded
Water-Fat MRI

1H Single Voxel MRS




Obesity Trends* Among U.S. Adults

OBESITY ‘ BRFSS, 2010
% {*BMI =30, or ~ 30 Ibs. overweight for 5 4" person)}
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"Obesity! Don't worry fat is the
reservoir of energy for our body."

Review Article

Once fat was fat and that was that: our changing
perspectives on adipose tissue

WF FERRIS, NJ CROWTHER

sleep apnea
asthma

heart disease
cardiovascular disease

stroke / hypertension
fatty liver disease

gallbladder disease
metabolic disorders
cholestrol / glucose

colon cancer . . .
insulin / type 2 diabetes

back pain
spine PCOS

osteoarthritis ' muscular dystrophy
muscle strength

peripheral vascular
diseases




MRI of Fat by T1-WEIGHTING

T1 Relaxation
Time (msec)*
Kidney Fat has shortest T1, fast recovery, brightest signal.

Cortex 1,142 + 154 7 ’- \]
Medulla 1,545 £ 142 - ¢4 \
Liver 809 = 71
Spleen 1,328 = 31
Pancreas 725 = 71
Paravertebral muscle 898 + 33
Bone marrow (L4 vertebra) 586 = 73
Subcutaneous fat 382+ 13
Uterus
Myometrium

1,514 £ 156

Endometrium 1,453 £ 123 o
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Whole Body T1-weighted MRI (circa 2005)

VIII

MRI of Fat by T2-WEIGHTING (?)

T2 Relaxation T1-weighted
Time (msec)* .

Kidney

Cortex 87 = 4

Medulla 85+ 11
Liver 46 = 6
Spleen 79 =15
Pancreas 46 = 6
Paravertebral muscle 27 =8
Bone marrow (L4 vertebra) 49 = 8

Subcutaneous fat

T1-weighted T2-weighted

T2-weighted




Fat suppr*essrbn methods = Inversion recovery
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T1=150 - T1=200

Not affected by field inhomogeneities | § Tar
Both T1 and T2 contribute to the signal | | o
- _— -
T1=300 oy 3 T1=2000

Overall lower SNR

Not suitable after contrast 2
contrast-enhanced tissues will be
suppressed

Delfaut et al
Fat Suppression in MR Imaging: Techniques and Pitfalls. RadioGraphics. 1999; 19:373-382

WATER versus FAT (Chemical-Shift)

0

symmetrical

Ren et al. J Lipid Res 2008; 49:2055-2062

B only:
single-peak model

A thru J:
multi-peak model




Selective Water-Fat Excitation / Suppression

— Develop pulse sequences to ...
... SUPPRESS fat / excite water = mainly water signal remain
... SUPPRESS water / excite fat =

@ Saturation RF pulse
centered on FAT

resonant frequency
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Water Fat (CH,)

Water Fat (CH,)

Selective Water-Fat Excitation / Suppression

T2-weighted T2-weighted fat sat Fat Sat

~ln .

residual fat /
signal l \ ‘
no residual

(WHY?)

water signal




water sat

Selective Water Suppression (“Water Sat”)
Why Does it Fail? ‘

- . I =

Water Fat (CH,)

water sat




Fat Sat

Single vs. Multi-Peak Fat Model

P Water 5

residual fat 6
signal

Water Sat

no residual

|
water signal JJ

T1-weighted

water sat

T1-weighted water sat spectroscopy



“Dixon” Method (2-point) Fat-Water Separation MRI

F
RF pulse

0 5 =27(AD)(TE)

Fat is precessing slower,
accrues phase periodically.

single-peak
fat model




“Dixon” Method (2-point) Fat-Water MRI
Opposed-Phase (OP) = W-F In-Phase (IP) = W+F

OP = |W-F| = |[F-W|

50% 50% ambiguity

0% 100%

“Dixon” Method Evolution

1990 - 1991 2003 - present
3 and 4-pt. methods 6-pt. methods

e N —

1984 Mid-1990s, early-2000
2-pt. methods Extensive clinical use
Subtle variations

Lava-Flex (2 pt.) — commercial
IDEAL-Quant, IDEAL-1Q (3-6 pt.) — commercial + research

mDixon (2 pt.) — commercial, (3-6 pt.) — commercial + research

Dixon (2-3 pt.) — research
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"“NOT SO SIMPLE"” SPECTROSCOPIC IMAGING

W. Thomas Dixom, Fh.D. Simll]E Proton Speci‘mscupi( . i Z}T(TEH )( Af )
Imaging? STEn + F € ]

Radiology 1984; 153:189-194 (2 echo water-fat MRI) . . . .
e improving quantitative accuracy

complex complex

real unknown
unknown unknown

measured
MRI signal

signal relaxation

B, fieldmap non-uniformity term

Generalized “Dixon” Method

o = GO G
N/ \uind

TE2 TE4,5,6
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least-squares cost

LIVER STEATOSIS (ALL HISPANIC TEENAGERS, 8-15 YEARS)

e

Fieldmap (Hz)
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