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S. David Smith

Imaging Scientist and Physicist

BS, MA and PhD from Columbia
University

Telephone: (631) 344-7193
Email: SDSmith@BNL.gov

After receiving his PhD in Experimental
High Energy Particle Physics, Dr. Smith
joined the Physics Department at BNL,
enjoying a Post Doctoral appointment
specializing in detector design and
development. He left Brookhaven in 1982
to take leadership position in private
industry for the design and development
of Clinical MRI.

After 25 years of contribution and
involvement in virtually aspect of the MRI
business, Dr. Smith has returned to BNL
providing technical expertise and in
depth practical and theoretical
understanding of imaging science.
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Nuclear Magnetic Resonance

A series of great discoveries

lead to a great instrumentation idea
resulting in new observations and
new instrumentation ideas which
yield many more discoveries

... and quite a few Nobel Prizes!
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Precession Angle About RF Field
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i Magnetization

Static Magnetic
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Spin Echoes and the
T2 Envelope

Spin Echo Recowery of T2* Signal Losses

Time in m=ec

As described above, a 180° pulse can be used
to reverse the T2* dephasing process and
thereby produce a spin echo. As soon as the
!spins all come back mto phase at the echo
time, they immediately start to go out of phase
|agai11. A second 180° pulse will generate a
lsecnnd echo. This process can be repeated
many tunes, producing many echos, as long as
the pure T2 decay mechanisms have left some
!signal to work with. We will come back to this
topic when we discuss Fast Spm Echo (FSE)
unaging.

from:

http:/’www.simplyphysics.com




Relaxation Time

Magnetization
M = Mgexp(-t/T1

2 3
Time (seconds)

T2 Relaxation Time

S(5) = M, () = Syexp(-te/T2)

60
te (milliseconds)
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Physiologic Parameters of Interest

» ECG >600 beats/min

* Respiration >250 breaths/min
 Temperature 25-40°C

* Blood pressure <300 mmHg

* Peripheral pulse waveform & heart rate

: Oxymetry waveform, heart rate & O, saturation
» Capnography waveform & end-tidal CO,

* Any suggestions ?7
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Temperature vs. Time
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ECG vs Temperature
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A variety of coil configurations are shown for
different animals and regions of interest.
Precise localization of the target anatomy within
the magnetic field and with respect to all coil
systems makes consistant imaging performance
possible.
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Ejection fraction (%)

1

B Left ventricle EF @ Right ventricle EF

Smith & Benveniste, 2007




Left Ventricular Volume vs Time
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Long Axis

Q
S
=
(®]
>
©
Q
=]
i)
=
o
1)
&)

40.00 60.00 80.00 100.00

Time after R wave (msec)







1R A

Long-axis 4CF




il

. .l.-_

i...
‘

|

A T

= & I

" E Tos ~
LS e 1

- !

= '. - l‘ 1
- i 1 Pt
- i 2
UL e H

3 e L0y B

4 e 3

o s T
O - *

. . i
s i

L .

.E:E »r_

1__‘...




”N

r

PP B
L A &L 1 1

F
_: W'
I. :- : B







%
Fastmap M
Scout Run |

before start

Ford Explorer
moved away

Frequency
(Hz)

Time (hours)

Accumated Spectrum from 20 Left
Hippocampal 1/2 hr Acquistions

Accumulated Spectrum from 8 Left
Hippocampal 1 hr Acquisitions
using new technique and smaller voxel

WWW

Rats 1.5 Cortex

peskat 133 may ateo be seen

Rats 1-5 Hippocampus

This peakcis real < 1.33 ppm




=
=z =
SR <
© E
B G
&
=
=
=
7]
N
=
=
o -
] ~
= =2
= aeu_.D;_, "F_O
@ &
= =
p—
<
N




Mixed
Fatty acids




nex
tific

scien




Silicon sensor element

Optical fiber

|:> Light from source [
< :: ] Signal <

Membrane

Intra Ventricular Pressure

Arterial Blood Pressure

Time (500 Samples/sec)




\ \ ~. Y

agnex
icientific

Non-invasive

. e

ht ventricl

A" N
I

g RY

004 14 Nov 2005 16:41:40  Exit / Quit




Cardiac phenotyping
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Cardiac-gated MR| measurement of pulsatile
CSF flow

Human aqueduct:

1-2 mm in diameter Rat aqueduct:

300um in diameter

= 2 . ._. = [}
|
el H_- 1 : 2
) pa

SRR A Pulsatile CSF flow
Pulsatile CSF flow ~ 10-20 nl/heart beat
~ 30 ul/heart beat

Wagshul et al., 2006
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In Vitro Magnetic Resonance Microscopy

Bruker (UFL): 17.6 T
*T2* Gradient Echo:
TE=7.5ms;
TR=150ms;

FOV = 2.4x1.2x1.2cm;
NEX = 2;
AQT = 5.5hrs.







0 01 02 03 04 05mm




Ma et al., Neuroscience 2005

www.bnl.gov/ctn/mouse




Vasoactive Intestinal
Polypeptide gene expression
(antisense) in C57BL6/J ..

.:‘\

Allen Institute for o

VIP-/- (G_255) In vivo scan, 100 micron3
Segmented using BNL mouse brain atlas

External capsule

Benveniste, Ma, Hamilton, Szema, Said, 2007

Gene — expression
+

Brain morphometry

Anterior commissure Ventricles Olfactory bulb

[ mean(VIP, n=5) @ mean(*male control, n=12)

Rest of midbrain







Rat: Forepaw stimu







Left Forepaw Stimulation- EPI

Analysis with Brain Voyager (t-test)
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Tick marks demonstrate timing relationship of MRI signal
acquisition to captured waveforms for two cases:

Top line shows continuous acquisition

Lower set of shows timing for triggered acquisition




Triggered MRI acquisition of CINE images

Triggered Acquisition allows 12 frames in Cardiac cycle




Allows reconstruction of
two additional frames in
the cardiac cycle with NO
missed time period.




Prospective vs Retrospective

Comparision of images reconstructed from triggered and
continuously acquired MRI data



Spectral scale shows single Phase Encode level repetitions
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Snapshots compare timings derived separately
from ECG and Pulse waveforms.

The first panel shows the effect of respiration on
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Short-axis acquisitions —
underestimate right
ventricular volume...our
analysis is based on three
mid-axis views

Smith & Benveniste, 2007

> : 7

(W
-

L

o~

€

s — b
AR e

|
|
|
5
Software: SEGMENT (Heiberg et al., 2005)

Cncloventricul ar voime (microlh

Data based on 6 control male
WT mice & praspective MR
acquisitions..

Time (m9)

% Figty













MRI can image moving subjects







In Vitro Magnetic Resonance Microscopy

Bruker (UFL): 17.6 T
*T2* Gradient Echo:
TE=7.5ms;
TR=150ms;

FOV = 2.4x1.2x1.2cm;
NEX = 2;
AQT = 5.5hrs.
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Bruker: 9.4 T
Spin_Echo(MSME)
TE=30ms;
TR=400ms;

FOV =2.8x2.4x1.35cm3;
Matrix = 256x256x128
Resolution ~
109x94x105um3

NEX = 1;
AQT = 3hrs.

Fat Suppression=0n
Flip Angle=145°
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Creating the Atlas: From In Vitro to In vivo
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Physical Scales in
Computational Neurobiology
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