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INTRODUCTION

Within a short period of time, the perfor-
mance capabilities of NMR imaging equipment
have ‘advanced dramatically. This progress has
occurred primarily in the physics laboratory on
prototype imagers. Clinical experience has
been rather limited due to shortness of time
and unavailability of equipment.

Because of the exciting clinical potentials of
this new modality, many leading institutions are
contemplating initiation of clinical research in
NMR imaging. The question arises: what equip-
ment capabilities are best suited to satisfy near
term research objectives and at the same time
allow the unit to meet future applications and
function in a clinical diagnostic environment?




]. Should an NMR system
have a superconducting or
resistive magnet?

2 » Will NMR imagers
undergo generations of
development as did x-ray
CT scanners’?

Slperconducting magnet systems produce
higher quality images than do resistive mag-
net systems due to their higher field
strengths and better stability. For clinical as-
sessment of the capabilities of NMR imaging,
only a high performance instrument will
provide unequivocal results. It appears that
resistive magnet units will prove to have lim-
ited diagnostic applicability compared to
superconducting systems. However, there
are areas of the world where, due to a lack of
cryogens, resistive units may be the only
feasible way to operate an NMR imager.

While resistive magnets are less costly ini-
tially, they require high power and closely
regulated power supplies, which likely will
be prone to costly reliability problems. A
superconducting magnet basically has no
moving parts and no electronic components
to fail. It is an intrinsically reliable device.
Additionally, operating costs for electrical
power needed for resistive units can be
greater than cryogenic costs needed to
maintain superconducting magnets.

B y going directly to superconducting
magnet technology, Diasonics has avoided
the path taken by other development pro-
grams. Resistive magnet imagers represent
first generation technology and superconduc-
tive magnet imagers are second generation
technology. The knowledge gained from the
Diasonics clinical prototype will be incorpo-
rated into all future units, which will rep-
resent third generation technology. In this
manner, much of the risk of rapid technolog-
ical obsolescence will be eliminated during
the development stage rather than by having
to replace installed clinical equipment.
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3. What capabilities ]’1-; data processing and display require-
should an NMR im ager’s ments of an NMR imager are already greater

than those of x-ray CT, primarily for two rea-
computer system have? sons. First, NMR images depend upon four

parameters (hydorgen density, T1, T2 and
flow rate), so that multiple images and calcu-
lations may be required for each section.
Second, efficient imaging requires that mul-
tiple sections or volumes be imaged simul-
taneously. The computer system must be
capable of meeting these requirements.

Efficient utilization of the imager de-
mands a powerful computer system, for
both high speed image processing and in-
dependent display capabilities. Moreover,
since the imagers performance is likely to
continue to improve, the computer system
should be flexible to accommodate change.
Machine performance should not be limited
by inadequate computer capabilities.

0 W/by are NMR z'magz'ng Unlike other imaging modalities, NMR
: ? involves molecular relaxation processes,
times so long: which are inherently slow. Because of this,
high quality NMR images require a few min-
utes to produce. To make NMR imaging clin-
ically practical, multiple cross-sections must
be imaged simultaneously. This is the fastest
NMR imaging technique.




5- Will NMR imaging
times be reduced in the
Juture?

Sgnificant improvements in imaging time
— for fixed spatial and contrast resolution —
are unlikely to occur. Basically, imaging time
is limited by the physics of the imaging pro-
cess. For example, it takes 64 seconds to
accumulate enough data to make an image
with 128 lines and a sequence interval of 0.5
sec (which is an interval time chosen for
high contrast). To further improve signal-
to-noise, this process is repeated four times
in one of the standard operating modes of
the Diasonics clinical prototype NMR Imag-
ing System. Thus, the image time for this
mode is 4.25 minutes, with five sections
imaged simultaneously in this time. In its
present fastest high resolution operating
mode, the Diasonics NMR Imager can image
15 sections simultaneously in 6.5 minutes —
an average time of 26 sec/section.

Reducing this imaging time without sacri-
fice in contrast or spatial resolution can be
achieved only through improvement in the
signal-to-noise ratio or by using a shorter
sequence interval (T1 parameter of the im-
ager). Since the human body is already the
major noise source in the Diasonics NMR
Imaging System — and obviously cannot be
eliminated — significant improvement is not
likely to occur. In addition, sequence inter-
vals of 0.5 sec or longer have been empiri-
cally found to provide the contrast required
for clinically diagnostic imaging.




6 What is NMR patient
throughput time expected
to be’?

Z What are the spatial
resolution limitations of
an NMR imager?

Zi's question cannot be answered defini-
tively until protocols are established. How-
ever, if the equipment cost of an NMR
imager is comparable to — or somewhat
greater than — an x-ray CT scanner, NMR
patient processing times must be made com-
parable to or better than CT Since high reso-
lution NMR imaging is an inherently slower
process than x-ray CT, a clinical NMR unit
must be capable of imaging many sections
simultaneously to achieve an image time per
section that is comparable to or better than
x-ray CT. For example, the Diasonics NMR
Imaging System can image 15 sections simul-
taneously in a total image time of 6.5 min-
utes, which is faster than x-ray CT operation.

here are direct relationships among spatial

resolution, contrast resolution and image
time, and tradeoffs may be made among
these parameters by the user. Spatial resolu-
tions of 1.7mm for the head, and (depending
on body thickness) 1.7, 2.1 or 2.5mm for the
whole body are obtained on the Diasonics
NMR Imaging System with high soft tissue
contrast and imaging times of four to 13
minutes for up to 15 slices imaged simul-
taneously. Area of interest imaging at
submillimeter spatial resolution is achiev-
able and meets high resolution imaging
requirements for most pathologies.




80 How important is the E xtensive animal studies have shown that

imager’s ability to provide both T1 and T2 contrast are required to
T7 T2 i ot dia maximize detection of pathology. A number
and 12 lnf ormation: of lesions have been identified: those which

have high T1 and high T2 contrast; those
which have high T1 and low T2 contrast; and
those which have low T1 and high T2 con-
trast. Preliminary confirmation of this has
been shown in human imaging as well. If
tissue characterization is demonstrated, it
will be on the basis of both T1 and T2 as in-
dependent variables. Therefore, an NMR im-
ager should be capable of efficiently and ef-
fectively providing T1 and T2 values for each
pixel. Moreover, T2 values should be obtain-
able without re-imaging of the same cross-

section.
9. How is Tl and T2 th T1 and T2 information is obtainable in
n form ation obtained? two ways: from “intensity images” and from

“calculated images” Different imaging tech-
niques performed on the same imager pro-
duce images which have different degrees

of tissue contrast. These images are analog

maps of the NMR signal received by the

antenna and are called “intensity images.
The inversion recovery technique produces

images which have high T1 contrast, but

virtually no T2 information. Spin echo tech-
niques produce images with both T1 and T2

contrast. An NMR imager should be capable

of producing images of comparable spatial

resolution with either technique. However,
for many pathologies, the Diasonics clinical

researchers report that the contrast resolu-
tion is clearly better with the spin echo

technique.
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In order to obtain explicit T1 and T2
values, a “calculated image” must be derived.
This is done by the imagers computer sys-
tem using the data contained in the “inten-
sity images.” On the Diasonics NMR Imaging
System, for instance, explicit computation of
T2 tissue characteristic values are obtainable
from two simultaneously generated intensity
images with no penalty in imaging time.
Explicit computation of T1 values requires
imaging a section twice. Estimated T1 im-
ages are calculable without reimaging.

] 0. Can NMR do more 71; T1 and T2 relaxation times depend

: i ? upon the local physical and chemical state of
than RO the tissue. Thus, the contrast in an NMR
image represents more than just morphor-
logical information. However, not enough is
known at present to make assessment of
physiological information from an NMR
image possible. Although the promise of
achieving physiological information from
NMR images is exciting, extensive research is
required to determine this capability.




] ]. Can a hydrogen NMR
unit image other elements?

7;6 hydrogen NMR signal from the
human body is greater by a factor of 103 or
more than the NMR signal from any other
element. Consequently, only hydrogen can
be imaged at high spatial resolution in clini-
cally reasonable image times. Thus, ana-
tomic detail will be obtained from hydrogen
NMR images.

Since it is impractical to change magnetic
field strengths quickly, a clinical NMR imager
should operate at a strength suitable for hy-
drogen. A 3.5kG superconducting magnet,
such as the one used in the Diasonics clini-
cal prototype, was developed to fulfill this
requirement. If it is determined clinically
that imaging of other elements — such as
sodium or phosphorus — is useful, the field
strength and stability of a 3.5kG supercon-
ducting magnet should be sufficient to allow

“area of interest” imaging of these elements.

This could be accomplished by reducing the
NMR signal frequency of the Diasonics NMR
Imaging System. The resulting images could
be displayed as superimposed over the cor-
responding high resolution hydrogen im-
ages of the same sections to improve spatial
visualization.
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] 2 o Can an NMR device Zl-; magnetic strength and uniformities re-
functz’on as both a quired for hydrogen imaging and for spec-

: troscopy are greatly different and clinically
hydmge n mndger and incompatible. NMR imaging of hydrogen re-

spectroscopy unit’ quires a uniform background magnetic field
(which extends over the volume to be im-
aged) plus superimposed, switched, linear
gradient fields for spatial discrimination.
Spectroscopy requires a much higher field
strength with a very uniform magnetic field
which extends only over the limited voxel to
be analyzed. Attainment of both these condi-
tions with the same magnet necessitates ex-
tensive adjustments to the magnet each time
one switches modes of operation. This is a
time consuming process not practical in a
clinical environment. Moreover, a magnet
capable of both imaging and spectroscopy is
significantly more expensive than a hydro-
gen imaging magnet.

]3. Can z’mages be Drect imaging in sagittal and coronal
obtained in sagz'tta ! and planes without the necessity of reconstruct-

ing from multiplaner transverse images is
coronal Pléme&’ routinely done in NMR imaging. Thus, NMR

is able to display certain anatomical struc-
tures and relationships more clearly than
previously possible. This should be espe-
cially well suited to imaging the brain, spine,
pelvis, joints, and cardiovascular system.




] » What special facility
requirements does NMR
impose?

]5 What will an NMR
imaging system cost?

[l many respects, facility requirements for
a superconductive NMR imager are similar
to those for an x-ray CT scanner. However,
there are three significant differences due to
the magnet, one associated with installation
and two with the permanent placement. In-
stalling a superconductive magnet requires
large access — 8’ wide by 9’ high for a 3.5kG
unit. When installed and operational, the
magnet system, including bed and cryogens,
weighs 14,000 1bs., so floor loading must be
considered. But by far the most severe re-
striction is imposed by the fringe field of the
magnet. A 3.5kG magnet can interfere with
electron devices (for example, a TV moni-
tor) for distances of up to 35 feet. Although a
complete NMR imager like the Diasonics
NMR Imaging System can be installed in 1100
sq.ft, the area over which the magnetic field
exceeds 1.5 Gauss is 3,000 sq.ft., and no large
moving vehicles (cars, trucks or elevators)
can be located within 35 feet of the magnet.

7h-:: cost of an NMR imager is directly re-
lated to the magnet and computer system
used. As discussed, both a superconducting
magnet and powerful computer system are
required. While it is premature to accurately
predict production costs should NMR ima-
gers be marketed, current price estimates
for an imager are $1,500,000 or more. Room
preparation costs can vary depending upon
the specific circumstances of the purchasing
institution—estimates of $150,000 to $250,000
have been obtained for the Diasonics NMR
Imaging System.



Multiple sclerosis imaged
by spin echo and inversion
recovery techniques.

Sagittal image of head.




Sagittal image
through neck showing
spinal cord tumor.

Body image showing
right renal cyst.

Images obtained at the Radiologic Imaging
Laboratory, University of California—
San Francisco (UCSF)
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