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Outline

m SSNMR / Magic Angle Spinning MRI: a unique characterization
platform for kidney stones
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m Spin Dynamics: Graph theory, Path-Sum, analytical and numerical
approaches




Pathological calcifications (kidney stones, KS)
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[a major societal/health problem worldwide J

(in France, related costs per year > 800 million €)

an intrinsic structural/chemical complexity
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More complexity

» MRI?
“... Using standard MRI technique, stones appear as a hon-specific void...”

(Brisbane, Nat. Rev. Urol., 2016)

» state of the art (hospitals): u.—Computed Tomography (CT)
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First MAS MR Images of kidney stones: Chemical Shift Imaging

Coll.: V. Sarou-Kanian, F. Fayon, Orléans , France (Pampel, Engelke, ...

M. Yon et al., 2017)
rotating pulsed field gradients

CaHPO,.2H,0
brushite ! ; 1
o : oreanies " Cayp(PO4)s(OH),"
1 ! 1 1 hydroxyapatite

-500
external

-250
surface

P T | -
: 250 3.2mm
brushite +++ ol m
o= = BN
. 1 750 f external surface A
organics + ~
= GO0 o - ’/—‘KS
= - - -
NO HAp nmm g or internal surface
N 1500
1750 r
2000 |
2250 F
2500 | N ) A _

internal

| surface

3000
14.0 13.0 12.0 11.0 10.0 9.0 80 7.0 6.0 50 40 3.0 20 1.0 00 -1.0 -20

1H chemical shift (ppm)



First MAS Images of kidney stones: Chemical Shift Imaging

WB 750 MHz AVANCE Il HD, 17.6 T. Bruker Micro 2.5. 2.5 G.cmA-1 (60 A per axis). 3.2mm Bruker
probe (up to 24 kHz). FOV ~ 3.5 mm. Res. ~ 31 um, 61um.

see: Pampel, 2006, Sarou-Kanian, % 180
2015, Maudsley et al., 1982 | l
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3D images (June 2024, Orléans)

"Organic" sample : T86891
60% proteins (P) / 30% triglycerides / 10% apatite

IH MAS 10 kHz
Hahn-Echo
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3D images (June 2024, Orléans)

"Inorganic" sample : T83936
87% struvite (S) / 10% apatite / 3% proteins
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Outline

Question @Tenon: "3D information with chemical content?"

m Spin Dynamics: Graph theory, Path-Sum, analytical and numerical
approaches
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The evolution operator U(t) and the ordered exponential

Dyson time-ordering operator
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Ordered exponential and Path-Sum
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» resummation of all Zinvolves a finite number of operations: sum on simple
paths and continuous fraction of simple cycles with vertex removal

Giscard, J. Math. Phys., 2015 1



Time dependent 2 X 2 matrix i i oS el
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Some results
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» exact representation
(transcendent, special functions...)

» non perturbative, super exponentially CV

» always closed form in

» Neumann series: analytic, closed form at
fixed accuracy
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Linearly polarized excitation, Bloch-Siegert

(BS) effect i 5 2cos(w)
23cos(wt) —?"

» visualizing the solution at analytical / numerical level
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Linearly polarized excitation, Bloch-Siegert
(BS) effect

» analytical formula
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Linearly polarized excitation, Bloch-Siegert

(BS) effect

H(D) = % 2fcos(wt)

Bi-FRAME transformation
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