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On December 28, 1895, Wilhelm
Roentgen presented his classic written
preliminary communication regarding
x-rays to the president of the Physical
Medical Society of Wurzburg, Ger-
many, and 9 days later his discovery
was announced to the world. Despite a
lack of modern communication meth-
ods, within months of Roentgen’s discovery, hu-
man radiographs were being produced in Aus-
tralia by individual scientists, including the first
known documentation by Thomas Ranken Lyle
on March 4, 1896 (1), and others such as W. L.
Bragg, A. L. Rogers, S. Barbour, and W. T.
Rowe in Adelaide on June 1, 1896 (Oliphant Sir
M, personal communication) (Fig 1). Professor
W. L. Bragg continued research in x-ray spectra
and the elucidation of the structure of crystals
for which he was corecipient of the Nobel prize
in 1915.

Plain Radiographs

As elsewhere in the body, the initial applica-
tion of x-rays in neurologic practice was the
detection and location of foreign bodies and
fractures (2, 3). Most would agree that the first
person to study the radiography of the skull
systematically was Arthur Schüller, a Viennese
physician (4). Schüller is of particular interest to
Australasian radiology, because he spent his
later years living and working in Melbourne (Fig
2).
Arthur Schüller qualified in medicine in Vi-

enna just after Roentgen’s discovery, and he
soon became interested in the radiology of the
skull. In two important works published in 1905

(5) and 1912 (6, 7), he elucidated the
radiographic anatomy of the skull and
suggested the best projections to show
various structures.
Many future projections and variations

on projections for radiography of the
skull can be traced to Schüller (8). His
initial observations, documented in

1912, were comprehensive. For example, he
pointed out the value of observing the calcified
pineal gland and noted its displacement by
hemispheric tumors and also differentiated
many types of normal and pathologic intracra-
nial calcification; he also pointed out the diffi-
culties of distinguishing between intrasellar and
extrasellar tumors with plain radiography (4).
Schüller’s name is linked with Hand and Chris-
tian in the condition known as Hand-Schüller-
Christian disease, and he is credited with the
first description of osteoporosis circumscripta
as a manifestation of Paget disease. Schüller’s
more than 300 publications covered not only
radiology of the skull but also various aspects of
neurology, surgery, and psychiatry (2, 4),
which included the operation of anterolateral
chordotomy for the relief of intractable pain and
the transsphenoidal approach for the treatment
of pituitary tumors (4).
Arthur Schüller spent the later years of his life

in Australia (Fig 2). He was at the height of his
career when for political reasons he was forced
to flee Vienna in 1938 at the age of 65. He
moved to Melbourne where he quietly continued
his interests in the interpretation of plain films at
St Vincent’s Hospital, encouraged by an emi-
nent local neurosurgeon, Frank Morgan (Gilford
E, personal communication). At St Vincent’s
Hospital he had an association with the radiol-
ogy, neurology, and neurosurgical depart-
ments, and when he died in 1957 at the age of
82, Mr Morgan wrote, “He was at once the most
helpful, charming and valuable colleague that
one could wish to have” (9).
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Schüller has been called the “father of neuro-
radiology” (4). However, in summarizing his ac-
complishments, Lindgren (10) stated that he is
more properly described as “one of its forerun-
ners,” because he expressed no interest in the
contrast medium studies characteristic of sub-
sequent neuroradiology.

Pneumoencephalography

For the first 20 years after Roentgen’s discov-
ery of x-rays, neuroradiology consisted of plain
radiography of the brain and spine. Although
posttraumatic air “ventriculograms” had been
reported earlier (11), it was not until 1918 that
Walter Dandy from the John Hopkins Hospital,
Baltimore, Md, described diagnostic ventricu-
lography in his classic paper (12), which was
followed several months later by his description
of air encephalography (13).
In his comprehensive thesis, “A History of

Radiology in Victoria,” Malcolm McKeown (14)
describes the introduction of pneumoencepha-
lography into Victoria, Australia, and in doing so
identifies two distinguished Australian pioneers
of these important techniques, John Fullarton
MacKeddie (Fig 3) and E. Graeme Robertson
(Fig 4). McKeown states in his thesis that “John
Fullarton MacKeddie was probably responsible
for introducing many of the new investigations

Fig 1. A radiograph produced in Adelaide, Australia, on June
1, 1896, by Mr A. L. Rogers and Professor W. L. Bragg of the
University of Adelaide, in association with Mr W. T. Rowe and Mr
S. Barbour of F. H. Faulding & Co, Adelaide, South Australia
(courtesy of Sir Mark Oliphant).
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in Victoria, Australia which required the use of
opaque oil and air as contrast media” (13).
MacKeddie apparently commenced his medical
course while still a teacher at Caulfield Gram-
mar School; after graduation in 1902 he be-
came the first junior resident medical officer at
the Alfred Hospital, Melbourne, at the age of 33.
His personality was such that he ignored diffi-
culties and pursued his objectives with energy
and enthusiasm (14). He obviously maintained
an interest in new developments, and he en-
couraged and supported the development of a
research institute at the Alfred Hospital (14). In
1923 he traveled overseas, and in particular he
spent time at the National Hospital for Nervous
Diseases, Queen Square, London. By the time
he returned to Melbourne in 1924, he was
skilled in cisternal puncture and descending
myelography, encephalography, and the injec-
tion of the Gasserian ganglion at the foramen
ovale (14, 15).
After Dandy’s description of diagnostic en-

cephalography in 1919, there were several re-
ports in the Medical Journal of Australia sug-
gesting the performance of ventriculography,
including one in 1926 reporting that “diagnostic
ventriculography is carried out in Australia by
one or two radiologists,” and it was suggested
that a paper would be forthcoming within a few
weeks (14). However, no such paper appeared,
and the first definite reference to encephalogra-
phy was probably made at a meeting of the
Victorian Branch of the British Medical Associ-
ation held at the Alfred Hospital on September
21, 1927, at which John MacKeddie described
pneumoencephalography performed by both
lumbar and cisternal puncture. This was subse-

Fig 2. Arthur Schüller, 1874–1957, in his later years in Mel-
bourne, Australia (2, 4).
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Fig 3. John Fullarton Mackeddie, 1868–
1944.

Fig 4. E. Graeme Robertson, 1903–1975.
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quently reported in the Medical Journal of Aus-
tralia (14, 16).
MacKeddie’s expertise and enthusiasm for di-

agnostic pneumoencephalography attracted at-
tention and was probably at least partly responsi-
ble for the appointment of the first surgeons with
an interest in neurosurgery at the Alfred Hospital
and St Vincent’s Hospital, Melbourne (14). Al-
though individuals and institutions associated
with enthusiasts such as MacKeddie embraced
pneumography as a useful diagnostic modality,
its use was not uniform either in Melbourne or
elsewhere in Australia (14). However, after 1935
the influence of another outstanding Australian
physician, E. Graeme Robertson, led to the more
uniform acceptance of pneumography as a prac-
tical, valuable, and essential aid to diagnosis in
neurology and neurosurgery.
Edward Graeme Robertson graduated from

the University of Melbourne in 1927 and follow-
ing the influence of Sir Sidney Sewell, a physi-
cian at the Melbourne Hospital, astute in all
branches of medicine but with a special interest
in neurology, he pursued postgraduate training
in neurology in London, working at the National
Hospital for Nervous Diseases, St Bartho-
lomews Hospital, and at the London Postgrad-
uate Teaching School, Hammersmith. In 1934
he returned as an honorary physician to outpa-
tients at the Melbourne Hospital and was finally
appointed as honorary neurologist at the Mel-
bourne Hospital and the Children’s Hospital in
1944. He states in the forward to one of his
publications (17) that “work on pneumoen-
cephalography began in 1935.” In his first sig-
nificant publication on encephalography in
1941 (18), he describes in detail the intracranial
movement of air during encephalography. In
particular he confirmed Laruelle’s statements of
1931 and 1933 (10) in regard to the signifi-
cance of the position of the head during the
injection of air. He also pointed out that the
fourth ventricle and aqueduct were more easily
studied while the air passed into the ventricular
system than while it flowed out. He advocated
the withdrawal of cerebrospinal fluid before the
injection of air, and he stated that 20 mL of air
was sufficient for an examination of the ventric-
ular system, whereas he used up to 100 mL for
demonstration of the basal cisterns and the sub-
arachnoid space over the convexity of the brain.
Although his first monograph on encephalogra-
phy was published in 1941 (17), general knowl-
edge of his views seems to have been delayed
(10), possibly because of the conditions that
prevailed immediately after World War II. Sub-
sequent techniques described some years later
(19) did not differ essentially from that of Rob-
ertson (10). Therefore, it is reasonable to sug-
gest that Robertson was the first to describe the
fractional introduction of air and the alteration
of the position of the head during, as well as



Fig 5. John Bryant Curtis, 1914–1990.
Fig 6. William S. C. Hare.
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after, the injection of air into the lumbar region
to direct air to different parts of the intracranial
cerebrospinal fluid pathway. After the initial im-
portant observations in 1941 (17), Robertson
maintained his interest in pneumoencephalog-
raphy, developing glass models to investigate
further the movement of air within fluid and in
relationship to position. His basic observations,
together with his extensive clinical experience
of pneumoencephalography performed at the
Royal Melbourne Hospital, The Royal Children’s
Hospital, and the Heidelberg Military Hospital,
led to a major publication on pneumoencepha-
lography in 1957 (16) and a second edition in
1967 (20). As a result of his publications, he
established a worldwide reputation for his work
in pneumoencephalography. His final mono-
graph on the subject in 1967 (20) was probably
the definitive tome on this subject. Recognition
of his enormous contribution in this important
development in the history of neuroradiology
should continue, despite the technique of pneu-
moencephalography’s being superseded by
computed tomography and mag-netic reso-
nance imaging.

Cerebral Angiography

In 1927, a Portuguese neurologist, Egas
Moniz, first reported the technique of cerebral
angiography (21). His determination and per-
sistence in developing this important technique
was described in detail by Bull in 1961 (4).
Moniz used a surgical cut down to expose the
internal carotid artery, and although he de-
scribed the first 90 cases in 1931, it was the
introduction of direct percutaneous carotid ar-
tery puncture in 1936 by Loman and Myerson
that led to the more universal acceptance of
cerebral angiography as a useful technique
(22). Loman and Myerson already were skilled
in the technique of carotid puncture, which they
used in the treatment of neurosyphilis (10).
Other reports soon followed, but the work of the
Scandinavian centers (10) led to the wider ac-
ceptance of this technique.
John Bryant Curtis (Fig 5), later to be a lead-

ing neurosurgeon at the Royal Melbourne Hos-
pital, was an important person in introducing
percutaneous carotid angiography to Britain
(23) and subsequently to Australia on his return
to Victoria in 1949. While a Nuffield Dominion
Scholar in Surgery at Oxford, he visited Norway
with James Bull to learn the technique from
Engeset. He reported the Oxford experience of
720 cerebral angiograms performed by the di-
rect percutaneous puncture. In 1951, his article
in the British Journal of Surgery (23) was ac-
knowledged as the definitive article in the Brit-
ish literature describing the scope of percutane-
ous carotid angiography (Hare W, personal
communication). This voluminous article con-
tains a history of the development of the percu-
taneous technique and complications, contrast



media, radiographic technique, normal angio-
graphic anatomy, and the variety of shifts and
different patterns of “stains and blushes.” An-
other important contribution to neuroradiology
by John Curtis was the development of a rapid
serial changer using roll film (24).
On his return to Australia, Curtis taught

William Hare (Fig 6) to perform percutaneous
carotid angiography at the Royal Melbourne
Hospital. At the same time other Australians
were embracing this new exciting technique.
These included the first neurosurgeon, James
Ainslie, and the first neuroradiologist, Arthur
Merritt, at the Royal Perth Hospital (ApSimon T,
personal communication). Although not docu-
mented by a specific publication, it has been
stated that the first carotid angiogram was per-
formed at the Royal Perth Hospital in 1946 by
James Ainslie and Arthur Merritt (25). Merritt
was certainly performing percutaneous direct
puncture of the carotid artery in 1949, after
gaining experience in Malmo and Stockholm
(ApSimon T, personal communication). Subse-
quently, other Australians including John Varey
and Charles Stuart of Perth, Lance Perrett of
Adelaide, Stan Lamond of Sydney, and Eric
Gilford and Hal Luke of Melbourne gained ex-
perience in this important technique in various
overseas centers, including The National Hos-
pital for Nervous Diseases, Queen Square, Lon-
don, and those in Scandinavia.
Direct puncture vertebral angiography was

described at the Symposium Neuroradiologi-
cum in Rotterdam in 1949 (26), and this tech-
nique was quickly embraced by those Austra-
lians who were performing percutaneous
carotid angiography. Seldinger’s ingenious but
simple method for percutaneous catheter inser-
tion of the femoral artery in 1953 (27) was
followed by the development of transfemoral
cerebral angiography (28). In 1959 William
Hare of Melbourne spent 3 months in Oslo with
Per Amundsen learning the catheter approach
to cerebral angiography, and he was probably
the first to use this method in Australia in 1960.
Initially the vertebral system was outlined via
catheter, while percutaneous direct puncture of
the carotids was maintained (Hare W, personal
communication).
Being trained at percutaneous puncture,

many neuroradiologists in Australia persisted
with the technique during the 1960s, but with
the introduction of newer catheter material (29),
Hare had switched almost entirely to catheter
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angiography by 1966 (30). He was followed by
others such as Bernard Vaughan and John Vary
in Perth in 1967 (ApSimon T, personal commu-
nication) and those Australian radiologists re-
turning from overseas, where the technique was
being actively introduced. In particular, the
morbidity associated with percutaneous cere-
bral angiography was reported (31, 32), and the
advantages of transfemoral catheter angiogra-
phy was recognized (32, 33). The catheter tech-
nique also was more easily performed in the
pediatric age group (34).
The general acceptance and application of

transfemoral catheter angiography in the early
1970s led to the development of new exciting
interventional techniques (35). Trevor ApSi-
mon of Perth (Fig 7) recognized the importance
of this new aspect of neuroradiology, and he
performed embolization of external carotid mal-
formations, spinal arteriovenous malforma-
tions, and dural arteriovenous fistula in 1977
and 1978. The first intracranial interventional
procedure performed by ApSimon was the clo-
sure of a traumatic caroticocavernous fistula
using the Debrun detachable balloon technique
in 1979. ApSimon’s meticulous approach to in-
terventional neuroradiology led to its rapid ac-
ceptance by his neurosurgical colleagues, and
in association with others, a very active inter-
ventional neuroradiology service has been es-
tablished at the Royal Perth Hospital (36). Using
overseas experience and information, they in-
troduced various interventional techniques, in-
cluding transarterial bucrylate embolisation of
brain arteriovenous malformation and dural fis-
tula in 1983, and they were the first to introduce
the Guglielmi detachable coil in July 1992 for
the treatment of cerebral aneurysms (ApSimon

Fig 7. H. Trevor ApSimon.
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T, personal communication). A formal interven-
tional neuro-radiology unit was established at
the Royal Perth Hospital in 1992. Interventional
neuroradiology techniques also now are per-
formed by other Australian neuroradiologists.
After the initial description of cerebral an-

giography by Moniz, one of the factors that ini-
tially hindered wider acceptance of cerebral an-
giography was the lack of a suitable contrast
medium. Contrast media such as Thoratrast
and Diotrast have significant side effects, and it
was not until the introduction of the water-sol-
uble iodinated contrast media in the 1950s that
a level of toxicity was acceptable. Throughout
the years research to develop a suitable con-
trast medium has continued, and after Almen’s
work (37) contrast media with minimal neuro-
toxic side effects are now available. At Flinders
Medical Centre in Adelaide, a group of radiolo-
gists and scientists have played a role in dem-
onstrating that the nonionic contrast media are
less neurotoxic than the equivalent iodine con-
centration of ionic contrast media (38).

Cranial Ultrasound

Leskell coined the term echoencephalogra-
phy in 1956 when reporting the use of ultra-
sound in brain trauma (39). Although Ian
Donald obtained echoes from the fetal head in
1958 (Garrett W, personal communication),
and Brinker and Taveras demonstrated early
cross-sectional images of the brain (40), two
Australians, William Garrett (Fig 8) and George
Kossoff, played the major role in the early de-
velopment of ultrasound and its applications to
neuroradiology and elsewhere in the body.
Working at the Royal Hospital for Women and
the National Acoustic Laboratories in Sydney,
they established a research program in 1959,
leading to their first “echoscope” in 1960, de-
signed by Kossoff. Concentrating initially on an-

Fig 8. William J. Garrett.
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tenatal studies, they first demonstrated the cra-
nial bones with a bistable system (41). In 1969,
Kossoff developed film echoscopy, now known
as gray scale, leading to a detailed description
of normal antenatal intracranial structures (42,
43) and, subsequently, intracranial pathology
(44).
In early 1973, Garrett had an opportunity to

perform a study on a newborn child with hydro-
cephalus diagnosed antenatally. Images of the
lateral ventricles were obtained by placing a liter
bag of saline at the side of the neonate’s head as
a stand-off for the contact scanner (Garrett W,
personal communication). Air studies also were
performed on the same neonate, and this pro-
vided an opportunity to compare the two stud-
ies. Subsequently, they described the normal
ultrasound anatomy of the infant brain (45).
Their publication in 1975 correlating ultrasound
and air studies of the infant brain (46) clearly
established the clinical role of cranial ultrasound
in the neonate and infant, in most cases making
invasive air studies obsolete in this age group. A
presentation by Garrett and Kossoff in 1976
clearly established their leading role in the de-
velopment of B-mode gray scale ultrasound
and its application to neuroradiology of the ne-
onate and infant (47). With the subsequent de-
velopment of real-time ultrasound scanners,
Garrett, Kossoff, and others maintained their
interest in intracranial ultrasound (48), along
with a rapid expansion in international interest
in ultrasonic techniques.

Radionuclide Studies

George Moore’s initial report in 1948 (49)
and subsequent publications in the early 1950s
(50) led to an increasing role for radionuclides
in neuroradiology. During the 1960s and early
1970s, nuclear medicine played an important
role in investigating diseases of the blood-brain
barrier, cerebrospinal fluid circulation, and ce-
rebral blood flow in Australia (51, 52). Several
original developments were pursued, such as
the automated cerebral radioangiogram (53),
but in general, overseas experience was applied
in clinical studies.

Modern Era

With the introduction of techniques relying on
computer technology, such as computed to-
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mography, magnetic resonance imaging,
single-photon emission computed tomography,
and positron emission tomography, the scope
of a major international contribution to neuro-
radiology from Australia, such as those made
by Schüller, Robertson, Curtis, Garrett, and Kos-
soff in the past, has been perhaps reduced be-
cause of the lack of adequate research and de-
velopment funds. This is illustrated by the major
contribution a New Zealander, Graham Bydder,
has made to the development of magnetic res-
onance imaging while working in the United
Kingdom (54). Such a contribution would have
been difficult to achieve in Australia or New
Zealand.
Nevertheless, Australian neuroradiologists

are very proactive in adapting overseas devel-
opments to the local scene, and they maintain a
significant academic profile by presentations
and attendance at national and international
scientific meetings. An Australian and New Zea-
land Society of Neuroradiology has been estab-
lished to promote clinical, teaching, and re-
search activities in the field of neuroradiology
and the neurosciences. The Australian and New
Zealand Society of Neuroradiology is one of the
founding members of the World Federation of
Neuroradiological Societies.

Editor’s note: The author’s modesty pre-
vented him from mentioning his own contribu-
tions. Professor Sage and his colleagues at
Flinders University, where he is chairman of the
Department of Radiology, have contributed sig-
nificantly to the understanding of the blood-
brain barrier. In September 1994, Professor
Sage was elected the first secretary-general of
the World Federation of Neuroradiological So-
cieties.

Acknowledgment
This historical account has relied heavily on personal

communications received. Therefore, there may be impor-
tant omissions, and I apologize for these. However, the
purpose of the paper is to highlight the contributions of
certain individuals working in Australia to the development
of neuroradiology without in any way meaning to detract
from the efforts of others.

I thank those medical colleagues who responded to a
request for historical information, in particular, William
S. C. Hare, William A. Sorby, Eric J. Gilford, H. Trevor
ApSimon, William J. Garrett, Barry E. Chatterton, and
Michael S. Huckman.

AJNR: 16, June 1995
References
1. Owen M. Professor Lyle and the new photography: earliest publi-

cations of Lyle’s x-ray work. Australas Radiol 1981;25th anniver-
sary issue:44–47

2. Eisenberg RL. Neuroradiology. In: Eisenberg RL, ed. Radiology:
An Illustrated History. St Louis: Mosby 1992;18:323–346

3. Cushing H. Haematomyelia from gunshot wound of the cervical
spine. Bull Johns Hopkins Hosp 1897;8:195–197

4. Bull JWD. History of neuroradiology. Br J Radiol 1961;34,398:
69–84

5. Schüller A. Die Schadelbasis in Rontgen-Bilde. Fortschr Roentgen-
str 1905

6. Schüller A. Rontgen-Diagnostile der Erkrankungen des Kopfes.
Vienna: A Holder, 1912

7. Schüller A; Stocking FF, trans. Roentgen Diagnosis of Disease of
Head St Louis: Mosby; 1918

8. Lysholm E. Apparatus and technique for roentgen examination of
the skull. Acta Radiol 1931;(suppl 24):1–20

9. Morgan F. Obituary: Arthur Schüller Proc Coll Radiol Aust 1959;
3:55–58

10. Lindgren E. A history of neuroradiology. In: Newton TH, Potts DG,
eds. Radiology of the Skull and Brain. St Louis: Mosby, 1971:
1–25

11. Luckett WH. Air in the ventricles of the brain, following a fracture
of the skull. Surg Gynecol Obstet 1913;17:237–240

12. Dandy WE. Ventriculography following the injection of air into the
cerebral ventricles. Ann Surg 1918;68:4–11

13. Dandy WE. Roentgenology of the brain after injection of air into
the spinal canal. Ann Surg 1919b;70:397–403

14. McKeown M. A History of Radiology in Victoria, 1920–1940. Mel-
bourne: University of Melbourne, 1987;2:332–349

15. Cox LB. J. F. Mackeddie: a personal account. Alfred Hospital Clin
Rep 1958;8:8

16. Mackeddie JF. Ventriculography: meeting of the Victorian branch
of the BMA of the Alfred Hospital. Med J Aust 1927;2:622

17. Robertson EG. Pneumoencephalography. Springfield: Charles C
Thomas, 1957

18. Robertson EG. Encephalography. Melbourne: MacMilland & Co,
1941

19. Lindgren E. Some aspects of the technique of encephalography.
Acta Radiol 1949;31:161–177

20. Robertson EG. Pneumoencephalography. 2nd ed. Springfield:
Charles C Thomas, 1967

21. Moniz E. Arterial encephalography: importance in the localisation
of cerebral tumours. Rev Neurol (Paris) 1927;34:72–90

22. Loman J, Myerson A. Visualization of cerebral vessels by direct
intra-carotid injection of thorium dioxide. AJR Am J Roentgenol
1936;35:188–195

23. Curtis JB. Cerebral angiography. Br J Surg 1951;38:296–331
24. Curtis JB. Rapid serial angiography: preliminary report. J Neurol

Neurosurg Psychiatry 1949;12:167–182
25. Bennett R. West coast radiography. Aust Radiol 1981;25th anni-

versary issue: 109–113
26. Lindgren E. Percutaneous angiography of the vertebral artery.

Acta Radiol 1950a;33:389–404
27. Seldinger SI. Catheter replacement of the needle in percutaneous

arteriography. Acta Radiol 1953;39:368–376
28. Lindgren E. Another method of vertebral angiography. Acta Ra-

diol 1956;46:257–261
29. Hare WSC. Nylon catheters for percutaneous arteriography. Br J

Radiol 1962;35,418:719–720
30. Hare WSC. The investigation of subarachnoid haemorrhage by

selective transfemoral arteriography. Australas Radiol 1967;21,4:
364–369

HISTORY 1301



31. Perrett LV, Caldicott WJ. Complications of cerebral angiography.
Australas Radiol 1967;11:107–113

32. Palmer FJ, Sorby WA. Carotid angiography by direct needle
puncture: an obsolete technique. Australas Radiol 1975;19:
26–31

33. Palmer FJ, Briscoe P, Sorby WA, Barry BP, Williams RM. Trans-
femoral selective angiography in the investigation of cerebral
ischaemic disease: review of 400 consecutive studies, I: technique
and evaluation of method. Australas Radiol 1977;21:31–37

34. Harrington GJ, Cameron A. An easy technique for cerebral an-
giography in infants and children. Australas Radiol 1969;13:
284–286

35. Foley DW, Glancy JJ, Tulloch AGS. Catheter embolic therapy in
vascular tumours. Australas Radiol 1976;20:386–390

36. ApSimon HT, Ives FJ, Khangure MS. Cranial dural arteriovenous
malformation and fistula, radiological diagnosis and manage-
ment: review of thirty four patients. Australas Radiol 1993;37:
2–25

37. Almen T. Contrast agent design: some aspects on the synthesis of
water-soluble contrast agents of low osmolality. J Theor Biol
1969;24:216–226

38. Sage MR, Wilson AJ. The blood-brain barrier: an important con-
cept in neuroimaging. AJNR Am J Neuroradiol 1994;15:601–622

39. Leskell L. Echoencephalography: detection of intracranial com-
plications following head injury. Acta Chir Scand 1956;110:301–
305

40. Brinker RA, Taveras JM. Ultrasound cross-sectional pictures of
the head. Acta Radiol Diag 1966;5:745–753

41. Robinson DE, Garrett WJ, Kossoff G, Little KJ. Ultrasonic exam-
ination of the uterus. Med J Aust 1967;1:1202–1203

42. Garrett WJ, Kossoff G. Film echoscopy in obstetrics. Digest of 9th
International Conference of Medical & Biological Engineering
1971;59

1302 SAGE
43. Kossoff G, Garrett WJ. Intracranial detail in fetal echograms.
Invest Radiol 1972;7,3:159–163

44. Garrett WJ, Fisher CC, Kossoff G. Hydrocephaly, microcephaly
and anencephaly diagnosed in pregnancy by ultrasonic echogra-
phy. Med J Aust 1975;2:587–589

45. Kossoff G, Garrett WJ, Radavanovich G. Ultrasonic atlas of nor-
mal brains of infant. Ultrasound Med Biol 1974;1:259–266

46. Garrett WJ, Kossoff G, Jones RFC. Ultrasonic cross-sectional
visualisation of hydrocephalus in infants. Neuroradiology 1975;8:
279–288

47. Garrett WJ, Kossoff G. Grey scale examination of the brain in
children. In: White CN, Brown RE, eds. Ultrasound in Medicine.
New York: Plenum Press, 1977;3A:821–828

48. Warren P, Garrett W, Lam A, Berry A, Kossoff G. Neonatal ech-
oencephalography. Ultrasound Med Biol 1984;10,1:117–131

49. Moore GE. Use of radioactive diiodo-fluoxoscien in diagnosis and
localization of brain tumors. Science 1948;107:569–571

50. Moore GE, Kohl DA, Marvin JE, Wang JC, Caudric CM. Biophys-
ical studies of methods utilising fluoroscien and its derivatives to
diagnoses brain tumors. Radiology 1950;55:344–362

51. Andrews JT. Report of the 20th Baker travelling fellow. Australas
Radiol 1970;14:363–372

52. Andrews JT. Radionuclide brain scanning.Australas Radiol 1977;
21:39–44

53. O’Reilly RJ, Cooper REM, Ronai PM. Automatic computer analy-
sis of digital dynamic radionuclide studies of the cerebral circu-
lation. J Nucl Med 1970;13,9:658–666

54. Bydder GM, Steiner RE, Young IR, et al. Clinical NMR imaging of
the brain: 140 cases. AJR Am J Roentgenol 1982;139:215–216

AJNR: 16, June 1995


