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Perspective

Early History of Diagnostic Ultrasound: The Role of

American Radiologists

Barry B. Goldberg, ! Raymond Gramiak,? and Atis K. Freimanis

First Step into the Unknown

In the late 1940s, after World War Il, a few scattered
enthusiasts recognized the potential of ultrasonic energy to
provide information that could be useful in medical diagno-
sis. The efforts of these innovators resulted in new concepts
and in unique early images that motivated both the manufac-
turers of instruments and the clinical pioneers to begin to
establish meaningful clinical applications for this new phe-
nomenon. The early successes of these individuals created
a momentum that encouraged additional users and provided
a firm foothold and broadened horizons for this emerging
technology. This article examines the highlights of this era as
it unfolds up to the late 1960s with emphasis on the contribu-
tions of American radiologists.

The earliest pioneers in the United States included three
physicians, John Wild, a surgeon, George Ludwig, an inter-
nist, and Douglas Howry, a radiologist [1-6]. Of this group,
Douglas Howry had the greatest influence on the other pio-
neers in radiology. In the late 1940s he left a formal resi-
dency program at Denver Veterans Administration Hospital
to devote more time to ultrasound research. Working in his
basement with engineers William Roderick Bliss and George
Posakony, Howry pursued his goal of using ultrasound to
produce accurate anatomic pictures of soft-tissue structures.

In 1949 Howry and coworkers used surplus radio and Air
Force radar parts to build a pulse-echo ultrasonic scanner
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capable of making two-dimensional images. In 1950, using a
35-mm camera, Howry recorded the first cross-sectional
images with ultrasound. However, since only a simple scan-
ning motion was used, without compound sector scanning,
the completeness of the anatomic image was not as great
because interfaces not perpendicular to the beam could not
be recorded. Subsequent instruments were able to correct
this initial limitation.

Developing a Clinically Usable Scanner

In 1951 Joseph Holmes, a nephrologist at Denver Veter-
ans Administration Hospital, where Howry was a resident,
became associated with Howry and obtained the institutional
support needed for the project to proceed. As a result, space
was obtained along with a grant. In 1951 Howry and his
engineers Bliss and Posakony developed a two-dimensional
compound ultrasound scanner. They incorporated an immer-
sion tank by using a cattle-watering container with an ultra-
sonic transducer mounted on a wooden rail [7]. The
transducer, immersed in the tank with the object under study,
moved horizontally along the rail [7] (Fig. 1). This method
allowed the use of a large transducer (better sensitivity) that
could be held away from the patient. The greater distance
between the transducer and the patient allowed for better
focusing of the ultrasound beam. As a result, the images
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Fig. 1.—Colorado group’s earliest successful immersion tank system:
the cattle-tank scanner. Transducer, which cannot be seen on this image
owing to its submersion in the water bath, was mounted on a wooden rail
that ran along outside of tank, which was a watering tank for livestock
readily available in the Denver area. Note that, as mounted, the
transducer could not completely circle the patient being imaged.
(Reprinted with permission from Medical Diagnostic Ultrasound: A
Retrospective on Its 40th Anniversary.)

obtained with the water-bath method were better than those
acquired with the early contact scanners. The first paper on
this new development was published in 1952 [5].

A later version, introduced in 1954, included a transducer
mounted on a rotating ring gear from a B-29 gun turret,
which in turn was mounted around the rim of a large metal
cup that served as the immersion tank [7]. This permitted
complete horizontal circling of the periphery of the tank while
a second motor produced a sectoring motion as the trans-
ducer was moved around the tank, producing a compound
scanning image of the immersed subject [7] (Fig. 2).
Because ill patients could not reasonably be immersed for
the long periods that were required for scanning (7], this led
to the development, in the late 1950s, of a scanner in which
the transducer carriage rotated on a semicircular water-filled
pan that was strapped to the patient's body in order to
eliminate the need for total immersion [7, 8] (Fig. 3).

Clinical Pioneers

Howry and coworkers recognized the inherent problems
with these water-bath coupling systems. In the early 1960s,
with collaboration from engineers William Wright and
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Fig. 2.—Ultrasonic image of human leg produced by compound
scanning with the cattle-tank scanner. Leg was placed inside tank,
transducer moved in a horizontal path around leg, and a motor provided
a second back-and-forth motion of the transducer. (Reprinted with
permission from Medical Diagnostic Ultrasound: A Retrospective on Its
40th Anniversary.)

Fig. 3.—Howry team’s “pan scanner,” developed about 1957-1958.
Patient sat in a modified dental chair and was strapped against plastic
window of a semicircular pan filled with a saline solution. Transducer
rotated through the solution in a semicircular arc around the patient. A
great many clinical scans were performed with this scanner, which was
more appropriate for use on patients than earlier total immersion
scanners were. (Reprinted with permission from Medical Diagnostic
Ultrasound: A Retrospective on Its 40th Anniversary.)



AJR:160, January 1993

Edward Meyer, the group developed a direct contact
scanner. The transducer, mounted within a scanning head,
could be positioned by the operator [7].

In 1961, engineers Wright and Meyer left this project to
form Physionics Engineering, Inc., and, by 1962, they had
produced the prototype of the first hand-held scanner
articulated with an arm commercially available in the United
States. Physionics marketed this scanner in 1964 as a three-
jointed scanning arm incorporating positioning potentiome-
ters at each joint [7].

Howry left Denver in 1962 to join the department of radiol-
ogy at Massachusetts General Hospital, where he worked
until his death in 1969 [9]. Joseph Holmes continued to
direct the ultrasound research at the University of Colorado
Medical Center until his death in 1982, and influenced a
number of radiologists during the 1960s and early 1970s [7].
From this group, in 1966, a medical student, Michael
Johnson, worked with Holmes on several projects, including
the use of ultrasound in the long-term evaluation of polycys-
tic kidneys and various aspects of echocardiography [10].
Johnson later became a radiologist, then director of ultra-
sound at the University of Colorado, and is now chairman of
the radiology department there.

Looking into the Brain

Another physician influenced by the Howry group was
Donald King, a young radiologist at Columbia Presbyterian
Medical Center. He was later to combine his efforts with
those of Juan Taveras and Ray Brinker in the purchase of
ultrasound equipment for that institution. In the spring of
1962, he paid a visit to the University of Colorado. His inter-
est in ultrasound had been stimulated by reading an article
in a popular magazine that included an illustration that
Howry and Holmes had made of the organs in the body. At
that time, Juan Taveras, the director of radiology of the
Neurologic Institute also at the Columbia-Presbyterian Medi-
cal Center, had an interest in echoencephalography and
asked Ray Brinker, who had just completed his radiology
residency, to “read up” on what was known about ultra-
sound. As a result, they combined efforts to obtain a com-
mercial metal flaw detector from Branson Instruments in
Stanford, CT, which was used for evaluating the midline of
the brain [11]. Branson Instruments later supplied the ultra-
sound equipment sold by Smith Kline Instruments, which
eventually bought Branson. Thereafter, another echoen-
cephalographic instrument made by Physionics was pur-
chased by Brinker, King, and Taveras and, subsequently, in
1964 the first contact two-dimensional ultrasound imager
was ordered in an attempt to obtain cross-sectional imaging
of the brain [12]. In 1965, Brinker followed Taveras to the
Mallinckrodt Institute in St. Louis. There, Brinker developed
a water-immersion ultrasound scanner that was unsuccess-
ful because of the difficulty of transmitting the ultrasound
beam through the skull [13, 14]. He also carried out early
research in Doppler ultrasound [15, 16]. Brinker is currently
chairman of the department of radiology at the Medical Col-
lege of Ohio at Toledo. King, as director of ultrasound at
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Columbia-Presbyterian, has devoted most of his time to
echocardiography.

Abdominal Applications

Another group that influenced a number of radiologists
was led by J. Stauffer Lehman, former chairman of radiology
at Hahnemann Medical School in Philadelphia. He was a
pioneer in clinical applications of ultrasound, specifically, in
the diagnosis of abdominal and pelvic abnormalities. The
program developed as a result of a chance meeting in 1964
between Luther Brady, chairman of radiation therapy at
Hahnemann, and Murray Smyth, also a radiologist, who was
involved in promoting the clinical uses of ultrasound
equipment produced by Smith Kline Industries. He had
approached several other medical schools and facilities in
Philadelphia but found no interest. At that time, Smith Kline
was producing the Ekoline A- and M-mode series for
echoencephalography and echocardiography and was con-
sidering adding B-mode two-dimensional ultrasound instru-
ments to its product line. At Brady's suggestion, Smith Kline
Instruments provided the B-mode equipment and Lehman
provided the staff to perform the clinical tests [7] (Fig. 4).

George Evans, a young radiologist who had trained at
Hahnemann, was asked to organize the ultrasound labora-
tory and supervise the clinical testing [7]. It was his job to
investigate the diagnostic applications of bi-stable
ultrasound water-bath techniques and abdominal scanning.
Insights into the personalities of Lehman and Evans are
provided by a letter written by George Evans: “My personal
aggressive enthusiasm toward ultrasound was tempered by
the conservative yet perceptive approach of Dr. Lehman. His
painstaking diligence and his profound circumscription
infected all who worked with him. His insistence for accuracy
and reproducibility of results were ubiquitous. These charac-
teristics were so ingrained in his approach to research that
we did not make unfounded conclusions as regards to the
diagnostic capabilities of ultrasound.”

Fig. 4—J. Stauffer Lehman scanning a patient with a compound
scanner built by Smith Kline Instruments and General Precision
Instruments. Transducer moved in a water bath lowered over patient’s

abdomen. (Reprinted with permission from Medical Diagnostic
Ultrasound: A Retrospective on Its 40th Anniversary.)
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Broadening Horizons

Marvin Ziskin, currently a professor of radiology at Temple
University, became aware of ultrasound as a student in
biomedical engineering at Drexel University in 1964, when
Murray Smyth presented a seminar. In 1965, Ziskin became
a research associate in the diagnostic ultrasound laboratory
at Hahnemann under the direction of Lehman, who died in
1974, and Evans, who is currently in private radiologic prac-
tice in Detroit. This group did some of the earliest large-scale
clinical research with ultrasound imaging [17, 18]. In addition
to investigating abdominal applications, they also carried out
research in echoencephalography, echocardiography, and
Doppler ultrasound [19-21]. Evans’ first paper was pre-
sented in December 1964 at the Greater Philadelphia
Chapter of the Federation for Clinical Research. The ultra-
sound images from the Hahnemann laboratory were pub-
lished in Life magazine in January and September 1965.
This group presented the first exhibit on ultrasound at the
annual meeting of the American Roentgen Ray Society in
September 1965 and again at the Radiological Society of
North America (RSNA) in November 1965.

Lehman, Evans, and Ziskin worked with practically every
type of ultrasound instrument manufacturer in the country at
that time and it is said that Lehman was instrumental in per-
suading Picker to become involved in ultrasound. Picker
later bought Physionics and became the dominant force in
two-dimensional ultrasound imaging in the 1960s and early
1970s. The company helped disseminate the use of ultra-
sound throughout the radiologic community.

In 1968 Barry Goldberg joined the staff at Hahnemann,
where he worked closely with Lehman in expanding the
clinical usefulness of ultrasound [22]. Goldberg developed
an interest in ultrasound during his radiology residency in
Philadelphia at the Albert Einstein Medical Center in 1964. J.
Gershon-Cohen, former chairman of radiology at the Center
and a pioneer in X-ray mammography, had just bought one
of Smith Kline Instruments’ first Ekoline A-mode ultrasound
machines. A few weeks after Goldberg started his residency
he asked Dr. Gershon-Cohen about the machine in the hall-
way. Gershon-Cohen replied, “Well, that's something new,
ultrasound, see what you can do with it.” Goldberg became
enthusiastic about the technique as he and his colleagues
taught themselves to use the equipment. Working with
several members of the radiology staff, he published articles
on a variety of subjects, including echoencephalography,
echocardiography, and abdominal and pelvic diseases, as
well as producing images of the fetus [23-28]. With John
Kirkpatrick, then chairman of radiology at St. Christopher’s
Hospital in Philadelphia, Goldberg was one of the first to
investigate the use of ultrasound in pediatric radiology. Gold-
berg and H. H. Holm, a urologist from Denmark, were the
first to develop ultrasound-guided aspiration biopsy tech-
niques. In 1965, Goldberg delivered one of the first ultra-
sound papers given by a radiologist at a meeting of the
RSNA. He pioneered the development of formal educational
programs for physicians and technologists. He is now direc-
tor of ultrasound at Thomas Jefferson University Hospital.

George Leopold began his radiology residency in 1965 at
Presbyterian Hospital in Pittsburgh. Elliott Lasser, then chair-
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man of radiology, obtained a Smith Kline Instruments’ ultra-
sound A-mode unit after the 1966 annual meeting of the
RSNA and assigned several residents to evaluate its capa-
bilities. Leopold was the only resident to maintain an inter-
est, working first with echoencephalography and then
echocardiography. His introduction to B-mode imaging was
a Picker machine lent by the company to the hospital for
evaluation. Shortly after a visit to Lehman’s laboratory,
Leopold followed Lasser to the University of California at
San Diego and dedicated himself to the clinical applications
of diagnostic ultrasound [7]. When Leopold arrived in San
Diego in 1968, he called a local Picker salesman and told
him that he wanted to order an ultrasound machine. The
salesman said, “Fine, Doctor, what is it? If we have such an
instrument, we’d be happy to sell it to you.” This was to be
the first such machine on the West Coast. Leopold’s early
research was on abdominal ultrasound [29, 30]. He is now
chairman of the department of radiology at the University of
California, San Diego. Like Goldberg, Leopold stressed edu-
cation, providing both formal and informal training programs.
They, along with other early clinical pioneers, educated a
whole generation of radiologists and technologists in the
usefulness of diagnostic ultrasound.

Ultrasound Becomes Popular

Another center of clinical research and training was
developed under Atis Freimanis, a radiologist at Ohio State
University, who in the mid-1960s also visited Lehman’s
laboratory to observe clinical work with the Smith Kline
Instruments’ water-bath prototype [7]. Originally interested in
its application in studying the nervous system, Freimanis
became impressed with the general diagnostic capabilities
of ultrasound [7]. At Ohio State he worked with Michael
Asher, at that time a medical student interested in develop-
ing some collaborative research projects [7]. He and
Freimanis conducted early research on the imaging of
enlarged retroperitoneal lymph nodes, and they designed
their own scanning system and techniques [31]. Shortly
thereafter, another radiologist, Roy Filly, then a medical stu-
dent, joined them in some of their early ultrasound research
on pancreatic abnormalities. Asher is now in private practice
and Filly is now the director of ultrasound at the University of
California, San Francisco. This is yet another example of
how the early pioneers in clinical ultrasound provided the
stimulus for the next generation of radiologists, who, in sub-
sequent decades, took ultrasound to its current high levels of
use. Freimanis eventually became chairman of radiology at
the Medical College of Ohio at Toledo and then at Ohio
State; he now continues in academic practice at Michigan
State University.

In the 1960s, a number of radiologists directed their initial
efforts toward research with echoencephalography. Many of
these individuals did not further pursue ultrasound, probably
because of the difficulty in obtaining adequate images of the
brain due to the poor penetration of the ultrasound beam as
it passed through the adult skull. It was not until the 1970s,
when researchers began to use the fontanelle in pediatric
patients for placement of the transducer, that adequate infor-
mation from two-dimensional imaging became available. In
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1967, for instance, at Downstate Medical Center of the State
University of New York, Lewis Grossman, a neuroradiologist
and amateur physicist, directed an active laboratory at the
Neurologic Institute with the assistance of Georgina Wod-
rowska, who was one of the earliest ultrasound technolo-
gists. Unfortunately, Grossman died in 1969. Michael
Tenner, also a neuroradiologist and now chairman of
radiology at New York Medical College, was asked to head
the service. He helped to extend the use of echoencepha-
lography beyond simple midline detection by identifying
various components of intracranial anatomy. In 1963, Marc
Lapayowker, a radiologist at Temple University in
Philadelphia, and John Kirkpatrick used an Ekoline instru-
ment to perform echoencephalography examinations,
including examinations of children [32, 33]. With Renata
Soulen, another radiologist, they attempted to duplicate the
early work of Harvey Feigenbaum, a cardiologist, in the
ultrasound evaluation of pericardial effusion [34, 35].
Lapayowker was the first chairman of the American College
of Radiology Commission on Ultrasound and is currently
chairman of radiology at Abington Hospital near Philadel-
phia.

Fred Winsberg, a radiologist and currently director of ultra-
sound at Mount Sinai Hospital, was first introduced to
ultrasound in 1967 while working at Lincoln Hospital in New
York. As he stated, “Although | had been promised a reno-
vated X-ray department, construction was delayed by the
usual governmental red tape and the only items | was able to
purchase were those not requiring construction. Thus, |
acquired a Hoffrel ultrasound machine designed for echoen-
cephalography with M-mode capability.” This machine was
designed by Russ Uphoff, an engineer who had left Branson
to form his own company. Winsberg soon became disen-
chanted with cerebral midlines, but fascinated with echocar-
diography. He presented his first work in differentiating the
left from the right ventricle in 1968 at the annual meeting of
the American Institute of Ultrasound in Medicine. In the
spring of 1970, he traveled to Germany to see the first and
only real-time ultrasound instrument at that time, a Vidoson
sold by Siemens. He was the first to use this machine in
North America at McGill University in Montreal, Canada,
where he performed ultrasound on a full-time basis. Wins-
berg worked with another radiologist at McGill, the late
Catherine Cole-Beuglet. Using the Vidoson, which featured
a rotating transducer placed at the focal point of a parabolic
mirror producing real-time images [36], they were able to
visualize the aorta and show pulsations, establishing the
value of real-time ultrasound.

Raymond Gramiak, a radiologist at the University of
Rochester, began his involvement with ultrasound in 1966
when the radiology department unexpectedly discovered a
budget surplus. Purchase of an ultrasound machine was
suggested by Elliott Lipchik, cardiovascular radiologist,
because it appeared new and exciting. A Physionics unit
was selected because it featured a storage oscilloscope for
monitoring image build-up during M-mode sweeping or B-
mode scanning. Gramiak showed the greatest interest in
mastering use of the new machine and soon obtained mean-
ingful M-mode images of the mitral valve, virtually the only
regularly recognized cardiac structure at that time. By
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varying beam directions away from the mitral landmark and
into the area expected to contain the aortic valve, an echo-
pattern complex that seemed to represent the aortic valve
could be detected. By good fortune and, at about the same
point in his development as an echocardiographer, Gramiak
examined a patient in the cardiac catheterization laboratory
during cardiac output studies with indocyanine green. Each
intracardiac injection of the agent resulted in an intense
contrast effect, which he instantly recognized as an excellent
method to correlate cardiac anatomy with the nonanatomic
display of M-mode sonography. It became apparent that the
aortic valve echo complex could be anatomically validated
by injection of contrast material [37]. This work was soon
followed by a more comprehensive study in which the
anatomy of the cardiac chamber, patterns of the mitral,
tricuspid, and aortic valves, and a variety of clinical
conditions were shown by using ultrasound and injections of
contrast material [38].

A number of others, both radiologists and nonradiologists,
have made important contributions. Nonradiologists include
Ross Brown, who was director of ultrasound in the
department of radiology at the University of Oklahoma in the
1960s and early 1970s, and Kenneth Taylor from England,
who has been the director of the division of ultrasound in the
department of radiology at Yale since the early 1970s. In
addition, in the early 1970s, Roger Sanders, another En-
glishman and a radiologist, former director of ultrasound at
Johns Hopkins University, made important contributions, and
Donn Brascho, now medical director at Baptist Cancer Hos-
pital, was the first radiologist to use ultrasound as an aid in
planning radiation treatment.

Epilogue

The decade of the 1960s was a dynamic, challenging, and
somewhat difficult period for radiologists involved in
diagnostic ultrasound. At the onset of this period, ultrasound
evolved from a medical curiosity to a recognized clinical
procedure, capable of providing unique diagnostic informa-
tion. However, instrumentation was crude and huge voids in
interpreting images confronted the dedicated practitioner. In
radiology, the established hierarchy was skeptical, particu-
larly because tissue representation in the ultrasound image
was different from that on conventional radiologic images, so
physicians with considerable skill and experience in inter-
preting X-ray images could not readily interpret sonograms.
The relatively poor resolution and the difficulty in imaging tis-
sue such as lung, bowel, and bone also proved barriers to
acceptance even though different tissue properties were
evident on sonograms as compared with radiographs. As a
result, radiologists striving to make their mark in ultrasound
often received less than optimal departmental support.
Despite this atmosphere of resistance and lack of
instrumentation, radiologists persevered and made progress
in the development of diagnostic ultrasound.

ACKNOWLEDGMENTS

All artwork was provided by the AIUM Archives, which acquired
all prints by donation from the pioneers, or the pioneers’ associates



194

or descendants. The archives, including prints, equipment, video-
tapes, and printed material, were accumulated under the direction of
Joseph Holmes, the first AIUM Archives Committee chairman, and
Barry B. Goldberg, the current chairman. A historian, Barbara
Kimmelman, helped in its organization.

REFERENCES

1.

2.

10.

1.

12.

13.

14.

15.

16.

Ludwig GD. The velocity of sound through tissues and the acoustic
impedance of tissues. J Acoust Soc Am 1950;22:862-866

Ludwig GD, Bolt RH, Heuter TF, Ballantine HT Jr. Factors influencing the
use of ultrasound as a diagnostic aid. Trans Am Neurol Assoc
1950;75:225-228

. Wild JJ. The use of ultrasonic pulses for the measurement of biologic tis-

sues and the detection of tissue density changes. Surgery 1950;27:183—
188

. Wild JJ, Reid JM. Further pilot echographic studies on the histologic

structure of tumors of the living intact human breast. Am J Pathol
1952;28:839-854

. Howry DH, Bliss NR. Ultrasonic visualization of soft tissue structures of

the body. J Lab Clin Med 1952;40:579-592

. Howry DH, Holmes JH, Cushman JJ, Posakony GJ. Ultrasonic visualiza-

tion of living organs and tissues, with observations on some disease pro-
cesses. Geriatrics 1955;10:123-128

. Kimmelman B. Medical Diagnostic Ultrasound: a retrospective on its 40th

anniversary. Washington, DC: American Institute of Ultrasound in Medi-
cine, 1988

. Holmes J, Howry D, Posakony G, Cushman CR. The ultrasonic visualiza-

tion of soft tissue structures in the human body. Trans Am Clin Climatol
Assoc 1955;66:208-225

. Howry DH. A brief atlas of diagnostic ultrasonic radiologic results. Radio/

Clin North Am 1965;3:433—452

Johnson ML, Paton BC, Holmes JH. Ultrasonic evaluation of prosthetic
valve motion. Circulation 1970;11[Suppl 11]:3-1-9

Brinker R, King D, Taveras J. Echoencephalography. AJR 1965;93:781—
790

Brinker R, Taveras J. Ultrasound cross-sectional pictures of the head.
Acta Radiol 1966;5:745-753

Brinker R, Holman B. Compound sector echoencephalography: anatomi-
cal correlations in the dog. Invest Radiol 1967;2:160—-164

Brinker R. Simultaneous presentation echoencephalography. Radiology
1967;88:360-361

Staple T, Brinker R. The ultrasound flowmeter as an adjunct to femoral
arteriography. Radiology 1968;90:341-342

Brinker R, Landiss D, Croley T. Detection of carotid artery bifurcation
stenosis by Doppler ultrasound. J Neurosurg 1968;29:143-148

GOLDBERG ET AL.

17.

18.

20.

21.
22.
23.
24,
25.
26.
27.

28.

29.

30.
31.

32.
33.
34.
35.
36.
37.

38.

AJR:160, January 1993

Lehman JS. Ultrasound in the diagnosis of hepatobiliary disease. Radiol
Clin North Am 1966;4:605-623

Lehman JS, Evans GC, Brady LD. Ultrasound exploration of the spleen.
In: Grossman CC, Holmes JH, Joyner C, Purnell EW. eds. Diagnostic
ultrasound. New York: Plenum, 1966:264-295

. Evans GC, Lehman JS, Segal BS, Likoff W, Ziskin MC, Kingsley B. Echo-

aortography. Am J Cardiol 1967,19:91-96

Ziskin MC, Lehman JS, Evans GC. An investigation of a cause of false-
positive results in the ultrasonic diagnosis of pericardial effusion (abstr).
Proceedings of the annual meeting of the American Institute of Ultrason-
ics in Medicine. New Orleans, 1968

Ziskin MC. Detection of carotid artery bifurcation stenosis by Doppler
ultrasound: a review. Invest Radiol 1969;4:112

Goldberg BB, Lehman JS. Some observations on the practical uses of A-
mode ultrasound. AJR 1969;107:198-205

Goldberg BB, Isard HJ, Gershon-Cohen J, Ostrum BJ. Ultrasound fetal
cephalometry. Radiology 1966;87:328—-332

Goldberg BB, Ostrum BJ, Isard HJ. Ultrasonic aortography. JAMA
1966;198:353-358

Ostrum BJ, Goldberg BB, Isard HJ. A-mode ultrasound differentiation of
soft tissue masses. Radiology 1967;88:745-749

Goldberg BB, Ostrum BJ, Isard HJ. Ultrasonic determinations of pericar-
dial effusion. JAMA 1967;202:927-930

Goldberg BB, Ostrum BJ, Isard HJ. Nephrosonography: ultrasound differ-
entiation of renal masses. Radiology 1968;90:1113-1118

Goldberg BB, Sklaroff DM, Isard HJ. Echoencephalography in the man-
agement of patients receiving radiation therapy. Radiology 1968;91:
363-366

Leopold GR. Renal transplant size measured by reflected ultrasound.
Radiology 1970;95:687—689

Leopold GR. Ultrasonic abdominal aortography. Radiology 1970,96:9-14
Asher MW, Freimanis A. Echographic diagnosis of retroperitoneal lymph
node enlargement. AJR 1969;105:438—445

Lapayowker MS, Christen GE. Echoencephalography in general hospital
practice. AJR 1965;93:803-810

Lapayowker MS, Kirkpatrick JA, Murtagh F. Echoencephalography in the
evaluation of hydrocephalus. Radiology 1966;86:1052—-1055

Soulen RL, Lapayowker MS, Gimenez JL. Echocardiography in the diag-
nosis of pericardial effusions. Radiology 1966;86:1047-1051

Soulen RL, Lapayowker MS, Cortes FM. Distribution of pericardial fluid:
dynamic and static influences. AJR 1968;103:583-585

Krause W, Soldner R. Ultrasonic imaging technique (B scan) with high
image rate for medical diagnosis. Electromedica 1967:4:1-5

Gramiak R, Shah PM. Echocardiography of the aortic root. Invest Radiol
1968;3:356—-366

Gramiak R, Shah PM, Kramer DH. Ultrasound cardiography: contrast
studies in anatomy and function. Radiology 1969;92:939-948



