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Historical Perspective

In Re: Amundsen P. Cerebral angiography via the femoral artery with
particular reference to cerebrovascular disease.

Acta Neurol Scand 1967; Suppl. 31:115

Arthur E. Rosenbaum, O. Petter Eldevik, John R. Mani, Arliss J. Pollock, Richard L. Mani, and
Trygve O. Gabrielsen

An AJNR panel was convened to select the 10
neuroradiologic articles that most represent the
seminal underpinnings of our current clinical prac-
tice. Nine of the 10 ‘‘classic’’ communications cho-
sen were full-length articles, the exception being
this historical selection, only a brief abstract (1
[facing page, reprinted with permission]). The first
author of this abstract on transfemoral pan-cerebral
angiography (TFCA) was the pre-eminent Norwe-
gian neuroradiologist, Per Amundsen. His pioneer-
ing of this ‘‘integrated angiographic methodology’’
has been succinctly described by his famed Swed-
ish colleague, Torgny Greitz (2): ‘‘Amundsen of
Norway was the first routinely to catheterize and
examine all cerebral vessels, carotid as well as ver-
tebral arteries, via the femoral route, a technique
he had been using at the Ullevål Hospital in Nor-
way since 1964. Hans Newton learned about this
routine use of the femoral approach when he was
in Sweden in 1966. He had earlier only occasion-
ally used this method for carotid angiography (3).
Newton was actually the first to perform a cathe-
terization of the carotid artery from the femoral ar-
tery at the Karolinska Hospital. That was in 1966
when he came back from a week’s visit in Oslo’’
(2).

Only a comprehensive, but relatively little
known book chapter by Amundsen et al (4) on ce-
rebral angiography (in which he elaborated his
technical approach and concern for risks and pro-
cedural safeguards during TFCA) and this abstract
(1) constitute his published output on TFCA. His
transmission of TFCA methodology to North
American neuroradiology thus occurred through
two other pathways: 1) during his tenure as Visiting
Professor at the University of California, San Fran-
cisco (UCSF) between 1965 and 1966 and 2)
through collaboration with the distinguished North
American (and other international) visiting observ-
ers and trainees in his department in Norway.

Concerning the first pathway, his UCSF tenure,
Amundsen’s unique contributions are clearly re-
called by the two UCSF residents then assigned to
neuroradiology:

‘‘I was completing a 6-month neuroradiology ro-
tation with Dr. Hans Newton when he left for Swe-
den in October 1965 on a 6-month sabbatical leave.
Before he left, in the absence of neuroradiology
fellows, I was given the privilege of assisting him

with all neurovascular procedures. Hans asked me
to spend an additional 6 months in neuroradiology
in order to introduce Dr. Amundsen to the UCSF
routine.

Like Hans Newton, Per Amundsen was a gentle-
man. He always seemed happy and upbeat. His phi-
losophy: ‘There are no mistakes, only experiences.’
He never raised his voice and had no ‘airs’. He
solicited and considered opinions from all sides.
Generous, friendly, and approachable, he quickly
became a ‘favorite’ at UCSF. At our first meeting,
Per put me at ease and requested we continue the
routine Hans had established so that he could eval-
uate the UCSF approach. Three to five angiograph-
ic procedures were being performed each day. Per
made no immediate changes, save one, creating a
‘closed flush system’. The flush solution would be
obtained directly from a stopcock connected to a
bottle of heparinized saline rather than from an
open bowl filled with the solution’’ (J.R.M.).

(‘‘Amundsen would use one heparinized saline
syringe for aspirating blood through the lumen of
the catheter and a second syringe of heparinized
saline, meticulously cleared of blood, to forward
flush the catheter. [T.O.G.]’’)

‘‘After 1 week, Per told me he understood the
UCSF approach. He was now going to introduce
the Amundsen technique that he had been using in
Norway for some time. Cerebral angiographic pro-
cedures were now to be done by the femoral ap-
proach using catheters and a modified Seldinger
technique. Instead of using the standard Seldinger
double-wall arterial-puncture technique, he used a
sharp, short-bevel, 18-gauge, thin-walled open nee-
dle (ie, without stylet) that he brought from Nor-
way. He connected the needle to a one-way stop-
cock, the other end of which was connected to a
saline-filled syringe. This assembly would be di-
rected toward the arterial pulse at a 45-degree an-
gle. En route, 2 mL of saline was injected to clear
the needle of possible skin or subcutaneous fat.
When the upper wall of the artery would be punc-
tured, arterial blood pulsed back into the saline-
filled (glass) syringe. Then the stopcock on the nee-
dle would be closed, the syringe detached, and a
guidewire introduced into the hub of the stopcock
before reopening it. The ‘ideal entry’ meant no
blood had spurted onto the procedural field. He
called this his ‘bloodless approach.’ Using only a
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single-wall arterial puncture also usually precluded
groin hematoma (eg, in hypertensive patients) and
lessened the magnitude of digital compression of
the femoral artery required after catheter removal’’
(J.R.M., T.O.G., O.P.E., A.E.R.).

‘‘Amundsen had also brought to UCSF a wide
variety of catheters and guidewires, which he used
to great advantage. He frequently met with the
ever-present salesmen to facilitate their developing
more suitable catheters and guidewires for angi-
ography. Per converted UCSF to the TCFA ap-
proach easily and painlessly. (Even when carotid
studies were not successful, direct carotid catheter-
ization [5] rather than direct carotid cannulation
was performed.) The rate of complications was
very low and the comfort level of patients very
high. Residents and, later, fellows learned the pro-
cedure technique quickly.

When asked if we should publish what we were
doing, he replied: ‘John, I feel no great need to
publish. I love teaching. Finding a reception for my
ideas is reward enough.’ Without fanfare or rancor,
he quietly and efficiently ushered us forward into
the vanguard of vascular neuroradiology’’ (J.R.M.).

Some 8 months later, when Dr. Newton returned
from sabbatical leave, this conversation with him
is recalled: ‘‘You ought to look at it [TFCA]. It’s
great.’’ Hans responded: ‘‘If its complication rate
is low, let’s do it. He was very open minded about
it’’ (A.J.P.).

In addition to the propagation of Amundsen’s
TFCA approach through the UCSF program and its
visitors, his influence also extended to other major
medical centers in the United States through the
second pathway: North Americans he trained at the
Ullevål Hospital in Oslo such as Roy D. Strand
(1967–1968), who joined the Children’s Hospital of
Boston, Trygve O. Gabrielsen (1968) of the Uni-
versity of Michigan, G. Joseph Poole (1970) of
Stanford University, and Joseph Sackett (1972–
1973) to join the University of Wisconsin (from
Cornell Medical Center). Many well-known neu-
roradiologists from other North American medical
centers also briefly visited Amundsen’s Department
in Oslo and observed his TFCA methodology.

Two conditions are addressed regarding the im-
pact of routine TFCA by Amundsen and the rec-
ognition he received for it:

I. How was cerebral angiography performed before
routine TFCA?

With hope, the reader will not feel burdened in
recalling how cerebral angiography was accom-
plished in the United States in 1965 before Per
Amundsen’s tenure here. Most cerebral angio-
graphic procedures then were performed by neu-
rologists and neurosurgeons. The common arterial
accesses they chose were percutaneous needle can-
nulation of one or both common carotid arteries
with separate (or simultaneous) hand injection(s) of
contrast media for carotid angiography; to visualize
the vertebrobasilar circulation, the most common

technique they used was a countercurrent brachial
artery injection. A right brachial injection could
usually opacify both the right anterior and posterior
circulations. If visualization of only the posterior
circulation was clinically warranted, a left brachial
artery countercurrent pressure injection could often
adequately opacify that circulation alone. Anatomic
variations/anomalies, contralateral vertebral artery
‘‘washout’’, or subclavian ‘‘steal’’, however, could
preclude reliable and satisfactory posterior circu-
lation opacification from a single countercurrent
brachial artery injection, even with the often used
higher concentrations (eg, 75–76%) of iodinated
contrast material. Thus, bilateral simultaneous bra-
chial pressure injections of 120 cc of 60% iodinated
contrast media became the standard for that Amer-
ican institution (Mt. Sinai Medical Center, New
York, NY) that provided the most detailed knowl-
edge of the posterior fossa venous circulation at
that time. (6, 7 and personal communication
[Huang YP, Sept. 11, 2000])

When radiologists performed cerebral angiogra-
phy by catheter techniques, they used the transax-
illary, transfemoral, transbrachial, transradial (and
transsubclavian) routes for nonselective or selective
vertebrobasilar opacification. With right-sided ac-
cess, right common carotid opacification could be
achieved from the innominate artery injection, but
left common carotid artery catheterization from the
aortic arch was rarely achieved. In 1963, both
Amundsen et al (5) and Schechter (8) reported us-
ing the Seldinger technique (9) to accomplish trans-
cervical common carotid artery catheterization.
Amundsen et al (5) described 853 direct percuta-
neous common carotid catheterizations and 118
vertebral artery catheterizations via the brachial or
femoral arteries. One can conclude that Amundsen
was technically advancing stepwise, via catheter,
toward effecting routine TFCA. It is also remark-
able that these authors (5, 8) accomplished selec-
tive transcervical catheterization of the internal and
external carotid trunks without the benefit of fluo-
roscopy by relying on neck positioning and test in-
jections of saline. (By hyperextending the neck and
turning of the head ipsilaterally, a guidewire intro-
duced into the ipsilateral common carotid artery
would usually enter the external carotid trunk; con-
versely, with positioning the head contralaterally
and the neck flexed, the guidewire, when advanced,
would usually enter the internal carotid from the
common carotid artery. On rapidly injecting a bo-
lus of saline into the catheter, successful internal
carotid catheterization could be confirmed by ob-
serving momentary blanching of the ipsilateral su-
praorbital skin or palpebral conjunctiva [versus
blanching of the cheek from an external carotid in-
jection]). Using fluoroscopy, Weidner and Hanafee
(10) and Newton and Kramer (3) would further ad-
vance the clinical utility of detailed selective ex-
ternal carotid angiography.

At the time of Amundsen’s arrival at UCSF in
1965, Hans Newton (J.R.M.) had been using the



AJNR: 22, March 2001 HISTORICAL PERSPECTIVE 587

Seldinger technique for transfemoral cerebral an-
giography in about one third of cases since 1963–
1964. It had become the routine approach for ver-
tebral, bronchial, and parathyroid angiographies.
Occasionally, in young patients, transfemoral right
carotid angiography could also be performed. Al-
though neck ‘‘sticks’’ for direct vertebral angiog-
raphy had been abandoned because of their com-
plications, direct left carotid cannulations persisted.
The neuroradiologic technique for assessing mul-
tiple cerebral vessels (A.J.P.), eg, in clinically pre-
sumptive cerebrovascular disease was via the right
transaxillary approach—arch aortography would be
performed followed by biplane filming of the neck
and head. If additional intracranial vascular detail
were needed, the catheter would be withdrawn
from the arch into the innominate artery for opac-
ification and filming of the right carotid and ver-
tebral circulations. The right common carotid and
right vertebral arteries might even be selectively
catheterized from the innominate and right subcla-
vian arteries, respectively. For left common carotid
angiography, percutaneous cannulation that day, or
the next, transpired. When the catheter curve had
been situated in the aortic arch, it could occasion-
ally be directed into the proximal left common ca-
rotid artery. The arch catheter caliber then was
0.086 in (outer diameter) and the catheter was
made from non-radioopaque polyethylene. Any pa-
tient undergoing cerebral angiography required
hospitalization to include recovery time. Catheters
and guidewires were in short supply and expensive.
(J.R.M.) Also in 1965, commercially available ‘‘ce-
rebral’’ catheters were usually large (7F to 8F), ra-
dioopaque, stiff, not readily shapeable, and had the
undesirable characteristic of losing their ‘‘curves’’
intravascularly. Smaller caliber polyethylene cath-
eters (PE 160 and PE 210) were available, but they
were not radioopaque and had limited torque con-
trol. Hanaffee convinced one manufacturer (Bec-
ton-Dickinson, Inc., Franklin Lakes, NJ [in 1965,
Rutherford, NJ]) to lower the ‘‘opacifying’’ barium
content of its 5F product from 10% to 5% (Personal
communication: Hanafee W, 1982) to avert its in-
herent brittleness and predilection to split (Personal
communication: Hanafee W, Sept. 7, 2000).
Amundsen visited UCLA from San Francisco and
learned of this radioopaque catheter and of fluo-
roscopic advances during catheterization (Personal
communication: Hanafee W, Sept. 7, 2000). During
this UCSF period, he adopted B-D’s Hanafee tub-
ing, which also became very popular with Hans
Newton and his subsequent trainees. The catheter
‘‘curve’’ Amundsen typically applied to the 5F. ra-
dioopaque polyethylene catheters for younger pa-
tients was ‘‘hockey stick–’’ or ‘‘C-shaped’’; in pa-
tients over 40 years old, various ‘‘S-shaped curves
were used. (T.O.G.) The later-developed, Mani
double curve (11) further reduced the difficulties in
achieving left common carotid origin catheteriza-
tion. An optimal guidewire and catheter armamen-
tarium, which would contain various tapers, graded

flexibility, numerous calibers, lengths, and coat-
ings, was yet to evolve.

Amundsen’s introduction of TFCA at UCSF of-
fered visualization of all pertinent cerebral arteries
extracranially and intracranially through a single
femoral artery entry site, via a one-wall puncture,
preferably using a small (5F) catheter, in one ses-
sion. Yet unanticipated was that TFCA could be
performed safely as an outpatient procedure.

II. Why has there been scant historical recognition
of Amundsen’s seminal development of TFCA?

Prime among the reasons may be his extraordi-
nary modesty and the lack of Norwegian institu-
tional or professional requirements for him to have
published broadly.

Academic appointments in Norway were very
few. The only Norwegian academic appointment in
neuroradiology was held by Arne Engeset at the
Rikshospitalet (the national and main teaching hos-
pital). Although Amundsen was involved in some
teaching of medical students, he did this without
financial compensation or academic appointment
(T.O.G., O.P.E.). His daily clinical workload was
very heavy and he lacked adequate office staff sup-
port; garnering secretarial assistance occurred in
part ‘‘after hours’’, and was then paid for from his
private funds because his sole medical transcrip-
tionist’s main function was the typing of depart-
mental radiologic reports (T.O.G.).

Because Amundsen’s publications on TFCA
were few, today most neuroradiologists familiar
with his life work recall him principally as the lead-
ing clinical investigator of the first clinically ap-
plied non-ionic contrast agent, metrizamide (12)
and its second-generation successor, iohexol (13),
rather than for TFCA or for high definition gas en-
cephalography (14). Those privileged to have seen
Amundsen’s original images (T.O.G., O.P.E., A.J.P.,
R.L.M., J.R.M., A.E.R.) were positioned to under-
stand his credo of demonstrating anatomy and dis-
ease through superb clinical imaging. He focused
on generating exceedingly sharp and very aesthetic
images. In his view, high-definition imaging, as a
first step, should improve the likelihood of making
the correct diagnosis as a logical second step. What
he achieved with TFCA imaging also carried over
to his achieving similarly exquisite detail on pneu-
moencephalograms through the use of hypocycloi-
dal tomography (14) and on myelograms (15, 16).

There are also other explanations for his relative
anonymity in having pioneered routine TCFA.
Omissions of Amundsen and his collaborators re-
garding publications on TFCA are presumed inad-
vertent, but explicable. One is unlikely to uncover
‘‘historical facts’’ that have not been written,
taught, or observed, so that most neuroradiologists
seeking such information must rely on what has
already been recorded. In the 1971 second edition
of Abrams’ Angiography (17), the chapter on ce-
rebral angiography’s technique and hazards cites
catheter introduction from the femoral artery for



AJNR: 22, March 2001588 ROSENBAUM

cerebral angiography in 1963 by Amundsen et al
(1) and in 1968 by Newton and Gooding (18) for
pediatric cerebral angiography. Later authors, how-
ever, in the 1997 fourth edition of Abrams’ Angi-
ography no longer cite Amundsen (19). Other
sources also omit linking Amundsen with TFCA
(20, 21).

Amundsen’s initial TFCA publication, in 1967
(1), is cited under ‘‘Historical Aspects’’ in the chap-
ter on techniques of catheter cerebral angiography
in Newton and Potts’ Radiology of the Skull and
Brain (22). Amundsen (1) appears first (and alpha-
betically) alongside two other 1967 references (23,
24) for having ‘‘stressed the value of femoral cath-
eter techniques in carotid angiography’’(24), inter-
estingly, not for routine cerebral angiography. There
is no additional commentary regarding Amundsen’s
earlier experiences at UCSF noted from that abstract
(1). Moreover, interrelationships among these four
references (1, 22–24) extend beyond mere juxtapo-
sition and time. As Greitz had mentioned (2), New-
ton had visited Amundsen’s department in 1966. Ex-
amination of the signatures in the guest book
(Neuroradiologisk Avdeling Ullevål Sykehus—A
bound book containing signatures of Departmental
visitors and Fellows-in-training between 1964 and
1998) from Amundsen’s department in Oslo reveals
that three of the four authors of those same two 1967
papers (22, 23) had visited Amundsen before 1967:
Hinck, in September of 1965 (and 1967), Judkins,
in May of 1965, and Hare, in November of 1966.
No mention of Amundsen’s TFCA or his department
was cited in one of them (23), whereas in the other
(24), Hare proffers from his 1966 visit that:
‘‘Amundsen is an advocate of catheter cerebral an-
giography, and having seen the frequency with
which he is able to catheterize selectively the cere-
bral arteries from the groin it was decided to ex-
amine the feasibility and advantages of utilizing this
technique in the study of patients admitted with sub-
arachnoid haemorrhage’’.

Alternatively, Judkins did develop another tech-
nique for TFCA (which he does not appear to have
published, but which he demonstrated to William
Hanafee [Personal communication: Hanafee W,
Sept. 7, 2000] by 1965). This technique for TFCA
used right or left coronary angiography catheters
(25), which Judkins advanced to the ‘‘closed’’ aor-
tic valve. By further advancing the catheter at the
groin, the catheter end would form a loop on itself
and the catheter tip could be directed backward to
the aortic arch to afford cervical catheterization of
cerebral vessels (Personal communication: Hanafee
W, Sept. 7, 2000] by 1965).

Per Amundsen is described by those who knew
him as an ingenious and genuine physician ‘‘whose
results you could trust’’(J.R.M.,T.O.G.). His gra-
cious and genial nature characteristically under-
played his contributions. This was exemplified
once again during his day-long return visit to
UCSF in 1969. There he delivered a lecture on the
complications he had experienced in having per-

formed 5000 TFCAs. In this huge series, he de-
scribed only 19 complications, and only one death
had occurred. However, he began this lecture on
TFCA by stating he felt embarrassed to speak on
this topic at UCSF because: ‘‘[He] believed he was
carrying coals to Newcastle’’(A.E.R.).

In our present era, on considering the imaging
of anatomy and pathologic abnormalities made
possible by TFCA, one readily also recognizes the
foundation it laid as the reference standard for in-
terpreting noninvasive neurovascular imaging gen-
erated by MR angiograpy, CT angiography, and
sonographic angiography.

Dr. Amundsen died in 1983 after a relatively
brief illness that he endured bravely and quietly,
quite true to his character.

Acknowledgments
The authors are very grateful for the consummate advice,

acumen, and experience shared by Doctors William N. Hana-
fee, Yun Peng Huang, Anton S. Hasso, and Richard S. Pinto.
Dr. Samuel Wolpert graciously provided editorial advice, spe-
cial insights, and commentary in his capacity as generator and
editor of this historical series.

References
1. Amundsen P, Dugstad G, Noyes W. Cerebral angiography via

the femoral artery with particular reference to cerebrovas-
cular disease. Acta Neurol Scand 1967;22Suppl 31:115

2. Greitz T. A history of Swedish neuroradiology. Acta Radiol
[Diagn] 1996;37:455–471

3. Newton TH, Kramer RA. Clinical uses of selective external ca-
rotid arteriography. Am J Roentgenol Radium Ther Nucl Med
1966;97:458–472

4. Amundsen P, Engeset A, Kristiansen K. Cerebral angiography.
In: McLaren JW, ed. Modern Trends in Diagnostic Radiology, 4th
ed. London: Butterworths;1970:155–174

5. Amundsen P, Dietrichson P, Enge I, Wilkinson. Cerebral angi-
ography by catheterization-complications and side effects. Acta
Radiol [Diagn] 1963;1:164–172

6. Huang YP, Wolf BS. The veins of the posterior fossa-superior
or Galenic draining group. Am J Roentgenol Radium Ther Nucl
Med 1965;95:808–821

7. Huang YP, Wolf BS. Veins of the posterior fossa. In: Newton
TH, Potts DG, eds. Radiology of the Skull and Brain: Angiography
St. Louis: The C.V. Mosby Company;1974:2155–2219

8. Schechter MM. Percutaneous carotid catheterization. Acta Ra-
diol [Diagn] 1963;1:417–426

9. Seldinger SI. Catheter replacement of the needle in percuta-
neous arteriography: a new technique. Acta Radiol 1953;39:
368–376

10. Weidner W, Hanafee W. Selective external carotid angiography.
Acta Radiol [Diagn] 1966;4:177–186

11. Mani RL. A new double-curve catheter for selective femoro-
cerebral angiography. Radiology 1970;94:607–611

12. Amundsen P. Foss OP, Godal HC, Nitter-Hauge S. Intravenous
injections of metrizamide into human volunteers. Acta Radiol
1973;335 [Suppl]:339–345

13. Amundsen P, Dugstad G, Presthus J, Sveen K. Randomized dou-
ble-blind cross-over study of iohexol and Amipaque in cere-
bral angiography. AJNR Am J Neuradiol 1983;4:342–343

14. Amundsen P, Dugstad P, Grimsrud OK. Gas encephalography
with hypocycloidal tomography. Correlation with anatomic
casts. Acta Radiol [Diagn] 1969;9:132–134

15. Amundsen P, Skalpe IO, Presthus J, Torbergsen T, Kaada. Me-
trizamide, the new water-soluble contrast medium for myelog-
raphy, clinical experience. Acta Radiol 1976;347 [Suppl]:
453–458

16. Amundsen P. Metrizamide in cervical myelography. Survey
and present state. Acta Radiol 1977;355 [Suppl]:85–97



AJNR: 22, March 2001 HISTORICAL PERSPECTIVE 589

17. Greitz T, Lindgren E. Cerebral angiography: technique and
hazards. In: Abrams HL, ed. Angiography, 2nd ed. Boston: Little,
Brown & Co.;1971;155–168

18. Newton TH Gooding CA. Catheter techniques in pediatric ce-
rebral angiography. Amer J Roentgenol Radium Ther Nucl Med
1968;104:63–65

19. Moran CJ, Kido DK, Cross DT III. Cerebral vascular angiog-
raphy: indications, technique, and normal anatomy of the
head. In: Baum S, ed. Abrams Angiography, 4th ed. Boston: Lit-
tle, Brown & Co.;1997:241–283

20. Taveras JM, Wood EH. Cerebral angiography. In: Diagnostic
Neuroradiology. Baltimore: Williams & Wilkins;1976:543–986

21. Brismar J, Lane BA, Moseley, IF, Theron J. The skull and brain:
methods of examination: diagnostic approach. In: Grainger RG,

Allison DJ, eds. Diagnostic Radiology Anglo-American Textbook
of Imaging. Vol 3. Edinburgh: Churchill Livingstone;1986;1671–
1704

22. Newton TH, Kerber CW. Techniques of catheter cerebral an-
giography. In: Newton TH, Potts DG, eds. Radiology of the Skull
and Brain: Angiography St. Louis: The C.V. Mosby Company;
1974:920–945

23. Hinck VC, Judkins MP, Paxton HD. Simplified selective femo-
rocerebral angiography. Radiology 1967;89:1048–1052

24. Hare WSC. The investigation of subarachnoid hemorrhage by
selective transfemoral arteriography. Australas Radiol 1967;11:
364–369

25. Judkins MP. Selective coronary arteriography—Part I: A per-
cutaneous transfemoral technique. Radiology 1967;89:815–824


