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ABSTRACT

In vivo or ex vivo electron paramagnetic 
resonance imaging (EPRI) is a powerful technique 
for determining the spatial distribution of free 
radicals and other paramagnetic species in living 
organs and tissues. However, gated EPRI was 
limited by long projection acquisition times and 
lack of signal to noise ratio. Hence in vivo EPRI 
typically provided only low temporal resolution. In 
order to achieve direct gated EPRI, a fast EPR 
acquisition scheme was developed to decrease 
the acquisition time of a single projection to 10 –
20 ms. Improvements in software and 
instrumentation can now provide fast gated EPRI 
of the beating heart with sub-millimeter spatial 
resolution in as little as 2 to 3 minutes.  
Reconstructed images display the temporal and 
spatial variations of the free radical distribution, 
anatomical structure, and contractile function of a 
rat heart during the cardiac cycle.
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METHODS

INTRODUCTION

An important goal in fast gated EPRI is to achieve 
both high temporal and spatial resolution. Prior 
work with gated cardiac EPRI [1, 2] requires 
acquisition times of up to 2 hours and has been 
impractical for most physiological applications. A 
critical need of fast gated EPRI capable of 
completing an acquisition of an image sequence 
of the cardiac cycle within a few minutes. While 
spinning gradient [3,4] and rapid scan [5] improve 
acquisition speed, there is still further potential to 
accelerate the acquisition by improving the 
instrumentation and designing novel clocking 
schemes [6].

EXPERIMENTAL RESULTS

A fast gated EPRI acquisition technique was developed 
and applied to gated imaging of the cardiovascular 
disease in the isolated rat heart. This technique 
enables measurement and mapping of myocardial free 
radical concentration and metabolism as a function of 
the cardiac contractile cycle. Future work will include 
spectral-spatial measurements with high temporal and 
spatial resolution throughout the cardiac cycle.

CONCLUSIONS AND DISCUSSION

METHODS

Gradient X

Sweep 
Magnetic 
Field

1 Projection

D/A Clock

Gradient Y

Gradient Z

Center 
Magnetic 
Field

Projections 
for A/D 
Conversion

A/D Clock

Time

Heart 
Pacer

Gradient X

Sweep 
Magnetic 
Field

Gradient Y

Gradient Z

Phantom 
Pacer

Time

Cycle 1 Cycle 2 Cycle 3

Frame 1

Between-
cycle 
Intermission

Cardiac Cycle 1

#1: 0~50 ms        #2: 50~100 ms      #3: 100~150 ms     #4: 150~200 ms      #5: 200~250 ms

#6: 250~300 ms     #7: 300~350 ms    #8: 350~400 ms    #9: 400~450 ms      #10: 450~500 ms

#1: 0~50 ms        #2: 50~100 ms      #3: 100~150 ms     #4: 150~200 ms      #5: 200~250 ms

#6: 250~300 ms     #7: 300~350 ms    #8: 350~400 ms    #9: 400~450 ms      #10: 450~500 ms

#1: 0~40 ms        #2: 40~80 ms       #3: 80~120 ms      #4: 120~160 ms      #5: 160~200 ms

#6: 200~240 ms     #7: 240~280 ms    #8: 280~320 ms     #9: 320~360 ms     #10: 360~400 ms

#1: 0~40 ms        #2: 40~80 ms       #3: 80~120 ms      #4: 120~160 ms      #5: 160~200 ms

#6: 200~240 ms     #7: 240~280 ms    #8: 280~320 ms     #9: 320~360 ms     #10: 360~400 ms

Power 
Amplifier

Electric Pump

Pacing 
Waveform 

from Keithley
Board

Phantom

Balloon

KPCI-3116
(2)

D/A Out 0

D/A Out 1

L-Band 
EPR 

Imaging 
System

KPCI-3116
(0)

D/A Out 0

D/A Out 1

KPCI-3116
(1)

D/A Out 0

D/A Out 1

A/D In 0

P
C

I 
B

u
s

Personal 
Computer

Gradient X

Gradient Y

Gradient Z

Center Magnetic Field

EPR Signal

Pacing Waveforms

Sweep Magnetic Field

Electric 
Stimulator

Trigger In P
ac

in
g

 
w

ir
es

 t
o

 
H

ea
rt

Power 
Amplifier

P
ac

in
g

 T
u

b
in

g
 

to
 P

h
a

n
to

m

Electric Pump

Clock In

Clock In

Clock In

Counter Out

Gradients, field control, and clocking 
waveforms for fast EPR acquisition with the 

adaptive heterogeneous clocking (AHC) 
scheme

Goal — Significantly reduce the amount of redundant 
data in waveforms by:

1. Heterogeneous clocking — reduced D/A output clock 
rate and faster A/D input clock. 

2. Adaptive clock rate — The A/D input clock rate is 
adjusted according to the magnetic field sweep time.

Gradients, field sweep, and pacing waveforms 
for direct fast gated EPR acquisition

Block diagram of the setup for the 
direct fast gated EPR imaging system
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(a) A slice of an acquired 3D image of the phantom.  (b) A slice of 
an acquired 3D image of an isolated heart.

Phantom Studies

(a) Coronal View

(b) Transverse View

(a) A frame sequence of the coronal view of the heart 
phantom in a cardiac cycle. (b) A frame sequence of 
the transverse view.  Imaging parameters:

Magnetic field sweep time = 50 ms, Cardiac rate = 2.0 
Hz, Cardiac cycle = 500 ms, # of frames per cardiac 
cycle = 10, # of projections = 28 × 28 = 784, 
Acquisition time = 7.5 min.

(a) A frame sequence of the coronal view of a paced 
isolated heart in a cardiac cycle. (b) A frame sequence 
of the transverse view.  Imaging parameters:

Magnetic field sweep time = 40 ms, Cardiac rate = 2.5 
Hz, Cardiac cycle = 400 ms, # of frames per cardiac 
cycle = 10, # of projections = 32 × 32 = 1024, 
Acquisition time ≈ 8 min.


