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Above: Transverse thorax image by nuclear magnetic resonance performed at the of-
fice of Drs. Ross, Lie, Thompson & Associates in Cleveland. Upper Right: This CT
scan of the same patient was made immediately preceding the NMR examination
Middle Right: Bronchogram of the same patient

Diagnosis: Proven carcinoma of the left upper lobe with peripheral consolidation
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First clinical
trials of
diagnostic NMR

Clinical trials of the Fonar QED 80 nuclear magnetic resonance scanner are
being conducted by Drs. Ross, Lie, Thompson & Associates, a radiology group
in private practice in the Cleveland area. NMR studies are being correlated
with computed tomography, ultrasound and general radiological procedures.

THE FIRST continuing clinical trials ol a nuclear mag-
netic resonance diagnostic system began late in January,
1981, in a private radiology practice in the Cleveland
area. The Fonar QED 80 NMR unit, developed by Ray-
mond Damadian, M.D., is now being used at a new
Diagnostic Center by Drs. Ross, Lie, Thompson & As-
sociates in Maylield Heights, Ohio.

The Diagnostic Center, one of several facilities owned
by this radiology group in the three-county suburban
area southeast of Cleveland, was designed to provide
one of the most complete private practice diagnostic im-
aging centers in the world. NMR studies are correlated
with computed tomography, ultrasound, and conven-
tional radiological procedures, The four million dollar
facility is equipped with a new General Electric CT/T
8800 whole body CT scanner and a recently installed
Diasonics RA-1 sector scan real-time ultrasound system,
in addition to the NMR unit.

Ronald J. Ross, M.D., senior member of the group, ex-
plained: “We have accepted the challenges of the
rapidly advancing technology in our field and wish to do
our share in the development of new modalities for the
improvement of diagnosis and medical care. This is
challenging and exciting, not only for those in academic
settings, but also for those of us in private practice.”

Dr. Ross indicated that radiology is the logical medical

specialty to be involved in the development and clinical

use of NMR.
Radiologists and NMR

“From the time we enter our radiology residency,” he
said, “we are physicians working with images and other
information provided by large and expensive equipment.
We are trained to utilize the appropriate imaging mod-
ality in order to provide the clinician with the desired
information.

*Furthermore, we are accustomed to the large expen-
ditures required o acquire and linance diagnostic im-
aging equipment, which can range from an R/F unit for
routine use at $150,000 to $200,000, to the CT system we
installed in September which represents an investment
of approximately $1.7 million financed over the life span
of the equipment.” The Fonar QED 80 costs $550,000.

Drs. Ross, Lie, Thompson & Associates have been in
the forefront of new radiologic technologies. In 1975,
they were the first in the world to install a head and
body CT scanner in a private practice office.* It was the
second CT unit of any type in northeastern Ohio. (See

*This system, an Ohio-Nuclear/Technicare DeltaScan 50, is
being given to the Vellore Medical College in Vellore, India.

Lef: A six millimeter coronal breast section image by nuclear magnelic resonance Right: Xeroradiogram ol the same patient, Diagnosis: mammary dysplasia
with no evidence ol malignancy
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Ronald J Ross, M.O., senior member of Ross. Lig,
Thompson & Associates, is seen on the right with
the Fonar QED 80 NMR scanner, and below at fhe

Fonar diagnostic console which demonstrates both
proton map images, and T, spin lattice relaxation

time measurements for tissue chemistry evaluatio

RapioLocy/NucLeaR MEpicine Macazine, March/April,
1978.) They have since performed more than 20,000
CT examinations.

The group was the first private practice office in the
Greater Cleveland area to install an ultrasound B-
scanner with gray-scale, and among the first in the
country to use the Xerg low-dose mammographic system.

Dr. Ross became interested in NMR imaging after Dr.
Damadian addressed the alumni association of the Albert
Einstein College of Medicine. Dr. Damadian and Dr.
Ross are members of the class of 1960.

“We communicated regularly,” Dr. Ross explained.
“In 1978, 1 visited Dr. Damadian’s facility in New York
where he was doing research in NMR. At that time it was
mutually agreed that Dr. Damadian would sell his first
commercial system to our radiology group and install it
for clinical trials in one of our offices in Cleveland.”

Call it “Magnetic Resonance Imaging”’?

Dr. Ross prefers the term '‘Magnetic Resonance Im-
aging” (MRI) rather than nuclear magnetic resonance to
underline the fact that it does not involve nuclear
medicine radioisotopes, and to avoid the possible con-
troversial connotations of the word “nuclear” as it relates
to power generation and weapons. [However, to avoid
confusion, we will continue to use the NMR term.—Ed.]

He sees NMR as a complementary diagnostic modality
rather than a primary one, and insists that it should not
be considered a replacement for, or competitive with,
any current technologies.

“NMR is a noninvasive modality that requires no x-ray
or radioactive materials, and thus offers a fascinating
potential alternative to current imaging techniques for
the diagnosis of pathologic entities.

“In the current literature, there are no reports of actual
or predictable sequelae from magnetic fields and radio-
frequency at the level used for in vivo studies during
clinical NMR examination time.

“NMR offers unique possibilities for visual imaging,
demonstration, localization and interpretation of normal

Right: The new General Electric CT/T 8800 computed tomography scanner
at the Diagnostic Center is located near the NMR unit to facilitate correlative
studies using both modalities. Behind the glass doors at the left rear is an
environmentally controlled room for the B800 and Fonar computers, with its
own air conditioning and humidity control equipment.

and pathologic structures throughout the body,” Dr. Ross
said.

He points out that NMR must be understood in the
context of first generation state of the art. “For example,
NMR images we are producing today are superior to
those produced by the first generation CT scanners in
1972-1973.

“The estimated resolution of the Fonar QED 80 is six
millimeters. There has been significant improvement in
resolution since Damadian published his first tumor im-
ages in 1976,

“Thus it is reasonable to expect improvement with
further development of data acquisition technology and
data processing hardware and software.

“However, within the next few years I do not expect
NMR to provide an image that will show the adrenal
glands, a herniated intervertebral disk, or an 8 millime-
ter microadenoma of the pituitary gland as we are dem-
onstrating with our CT system.

“Nevertheless, the NMR studies we are now per-
forming demonstrate its potential to assess tissue pathol-
ogy by means of measurements relating to tissue chem-
istry.

“This view is supported,” Dr. Ross said, “by useful in
vitro and small animal in vivo studies by NMR of sickle
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cell anemia, hyponatremia, cerebral edema, myocardial
ischemia, hepatic ischemia, renal ischemia, cerebral is-
chemia, pulmonary edema, amniotic fluid, and blood
flow,

"I must emphasize that conclusions about NMR must
await the results of clinical trials at other centers as well
as our own. Our data will be correlated with findings at
other centers that are now also beginning clinical
studies. We will be presenting our data at conferences
and in appropriate clinical journals.”

Other clinical trials

It is reported that trials have begun or are imminent at
Nottingham University in England and at Aberdeen
Royal Infirmary at the University of Aberdeen in Scot-
land. A Fonar QED 80 is being installed at the Univer-
sity of Mexico in Monterey and clinical trials are ex-
pected within a few months. A clinical prototype NMR
unit has been installed at the University of California in
San Francisco.

In the meantime, laboratory work with experimental
NMR systems has been continuing at a number of in-
stitutions in the U.S. and abroad.

“NMR is developing in many research centers,” Dr.
Ross points out. “Just as NMR won the Nobel Prize in
biochemistry several years ago and the developers of the
CT scanner were awarded the Nobel in 1979, I believe it
is very possible that in five years, diagnostic in vivo
NMR will be worthy of consideration for the Nobel Prize
for its application in medicine.”

By the end of March, about 20 patients had partici-
pated in NMR clinical protocols and useful images and
T: tissue chemistry data have been obtained.

The purpose of the clinical trials is to acquire base-
line information. Physiochemical and anatomic evalua-
tion of both normal and pathologic entities by NMR are
correlated with CT, ultrasound, nuclear medicine and

Ancther key instrument at the Diagnostic Center for the correlation of NMR
studies with other imaging modalities is the Diasonics RA-1 sector scan
real-time ultrasound systemn.
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radiographic images, as well as with biopsies and surgi-
cal findings where possible.

The established imaging modalities are also used to
localize the region of interest for study by’ NMR. Fixed
anatomical landmarks, such as the suprasternal notch,
the iliac crest and the symphysis pubis, are used, and
localization is coordinated with the NMR scanner’s laser
light positioning system.

“Since the publication of Tumor Detection by Nuclear
Magnetic Resonance by Damadian (Science, March 19,
1971; pp. 1151-1153), many investigators have been able
to use NMR to discriminate between benign and malig-
nant structures in vitro, including tissues of the breast,
skin, gastrointestinal tract, liver, spleen, lymphatic
structures and bone,” Dr. Ross said, “"This suggests that
NMR tissue chemistry procedures in vivo will provide
significant advances in the evaluation of tissue pathol-
ogy.

Clinical protocols

One of the clinical protocols is to evaluate normal and
abnormal breasts, particularly to determine the T: values
for normal, dysplasia, and the breast with a malignancy.

“There is need for an additional modality for breast
evaluation,”” Dr. Ross said. "Currently, mammography is
the best available diagnostic modality for early detection
of breast cancer. I have been performing mammography
since 1962, but after interpreting thousands of mammo-
grams 1 am convinced that it should not be considered
the ultimate diagnostic technique.

“There is significant difficulty in interpreting the
mammograms of patients with extensive mammary
dysplasia, where there is severe fibroeystic disease and
very little fatty replacement. It is difficult to definitively
identify malignant lesions in this type of breast by pal-
pation.

“Although the NMR proton images of the breast may
not be as explicit as a mammogram, the T: analysis of
tissue chemistry may be more revealing and provide a
definitive diagnosis. Noninvasive and risk-free NMR
may develop into a viable screening modality for breast
cancer.”

Another protocol is directed toward correlation of
NMR images and Ti data with CT scans of normal and
abnormal structures of the kidneys, pancreatic area,
uterus, liver, ete.

“QObviously the information provided by CT and NMR
is different,” Jay S. Thompson, M.D., a member of the
group, remarked, “but they complement each other.
Anatomically, we can see a mass quite easily on CT, It is
more difficult to as accurately demonstrate the structure
in question with NMR, but NMR’s ability to measure the
T: values may provide a much more accurate way of
judging between benign and malignant processes,
perhaps the most definitive other than tissue biopsy.”

Patients are examined with the NMR unit after ob-
taining the permission of the referring physician. Mem-
bers of the group discuss with the clinician the capabili-
ties of NMR and explain that it is noninvasive. In ex-
plaining the procedure to the patient, it is pointed out
that there is no discomfort or risk. The machine is so
quiet that the patient tends to fall asleep. (There are no
moving parts except for the patient bed.)

It is expected that the group’s large volume of CT and
ultrasound examinations will produce a substantial
number of NMR studies.
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An addition to Dr. Ross, members of the private practice
radiolegy group of Ross, Lie, Thompson & Associates include
Stk Lie, M.D., right; Jay 3. Thampson, M.D., below; and Kyung
Kim,.M.D., lower right. Mot pictured is Honald A. Bailey, M.D.

The Fonar installation

The Fonar QED 80 weighs 20,000 pounds. The gantry
is 17 feet wide and the scanning table is 18 feet long.
The magnetic field is 450 gauss and the radiofrequency
is 1.75 megahertz.

To prevent extraneous radiotrequency and electro-
magnetic interference from disturbing the diagnostic
process, a uniquely designed room was required to pro-
vide the necessary environment. The walls, ceiling, floor
and door are specially constructed to eliminate external
interference.

The heat of the magnet is controlled electronically and
its temperature automatically recorded. Any radical
change in the magnet temperature could affect the elec-
tromagnetic field.

The radiofrequency coil within the rectangular patient
aperture provides the RF pulse and is also the receiver
of the NMR signal. This information is processed by the
computer and demonstrated on a CRT on the system
console as a proton map image and also as numerical
data for Ti (spin lattice relaxation time). Color-coded im-
ages are produced by a Ramtek computer-controlled
color graphics system,

The Fonar utilizes a Data General Nova 3 computer.
The computer and magnet power supply produce 32,000
BTU, and for computer stabilization this equipment is
placed in a separate environmentally controlled room
with its own air conditioning and humidity control.

The CT computer is also housed in this computer
room, which is separated from the CT gantry area by

shding glass doors. Servicing is facilitated by mounting
the equipment modules on rollers so they can casily be
pulled out for access.

The Fonar control console is located in the adjoining
master control room, and a closed circuit TV camera
monitors the portions of the patient not visible through a
window. The operator's console for the CT scanner,
which is in an adjacent room on the other side, is also
located in this master control room,

A direct telephone link to Fonar Corporation has been
installed that enables the technician to transmit images
and tissue data directly from the console in Cleveland to
CRT monitors in the Fonar office in Melville, N.Y. Also
being completed is a telephone link that will enable
Fonar engineers to diagnose and correct malfunctions in
the electronic and computer systems.

Clinical NMR with the Fonar system

Ten minutes is required for one complete axial section
of the chest or abdomen, and two contiguous slices are
obtained in 20 minutes. A smaller structure, such as a
breast, can be scanned in significantly less time, Six to
eight minutes are needed to obtain a T1 measurement in
any specific area.

The Fonar {"Focused NMR") is a focused field system
which can perform a true Ti in a designated site. The
cursor is placed over the region of interest and the direct
measurement obtained is specific for this focus of tissue.
The T: values are not the result of software manipulation
and back projection reconstruction techniques as in CT
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