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Intravenous Serial Xerographic Carotid Arteriography 
D. B. Hinshaw, Jr.,' P. J. Triolo, J. R. Thompson , 
A. N. Hasso, C. R. Bird, and D. C. Smith 

The rapid , recent development of intravenous digital sub
traction angiography has changed the general philosophy 
of screening for extracranial carotid artery occ lusive dis
ease. However, digital subtraction angiography equipment 
is currently very expensive and may remain so. If a lower 
cost system for good visualization of the carotid artery 
bifurcations by intravenous injection of contrast material 
were avai lable, its benefit would be obvious in this inflation
ary era . Indeed, a prototype serial xeroradiographic cas
sette changer has been produced by Xerox Corporation 
which can be used in conjunction with conventional angio
graph ic equipment to demonstrate peripheral vasculature 
by injecting the contrast material intravenously. We have 
made preliminary tests of this method of visualizing the 
carotid artery bifurcation in 15 patients and present our 
experience. 

Material and Methods 

Dr. R. Gartner Apparatebau (4,000 Dusseldorf, West Germany) 
has developed a serial changer for eight standard xerorad iographic 
cassettes or alternat ively for eight convent ional 24 x 30 cm film 
cassettes (fig . 1). The changer is programmable for varyi ng se
quences with a maximum xerograph ic rate of one cassette / sec or 
with a maximum conventional film rate of two cassettes / sec . We 
employed this changer with xerography only. The commercially 
available Xerox system 125 processing system was used to process 
the xerorad iograms. 

Exposure values of 120 kv at 80-120 mAs were generally 
required . An aluminum wedge filter was placed on the x-ray tube 
collimator to decrease the skin and thyroid radiation dose. This 
reduced the dose to the skin by about 50%. The fi lming sequence 
was 1 frame / sec for the entire eight cassette load . 

Typical injections were made using either 0.5 ml Isopaque-440 
or 0 .5 ml Renografin 76/ 0.45 kg body weight at a rate of 20 ml / 
sec via a pigtail polyethylene no. 6 French catheter placed through 
a femora l vein puncture above the hepatic veins in the inferior vena 
cava. To time the circu lation to th e pat ient 's tongue, 1 ml of 50% 
MgS04 di luted to 3 ml with normal saline was injected through the 
inferior vena cava catheter. A very sharp end point can be deter
mined in a cooperative patient by a sudden hot sensation in the 
tongue following the magnesium sulfate injection . The typical c ir-

Fig. 1 .-Rapid sequence programmable Xerox cassette changer. 

culation time from the inferior vena cava to the tongue was 8-12 
sec . Imag ing was quite good wi th this time sequence (fig . 2). 

Because subtraction of the images was generally found to be 
desirable, the first film of the series was processed using the 
negat ive mode and the remaining fi lms were processed with the 
positive mode. Photograph ic subtraction was then performed by 
making photographic transparencies of the first fi lm and the film of 
choice in the series (figs. 3 and 4). We are current ly developing a 
simplified Polaroid subtraction system. 

All 15 patients having transvenous xerographic carotid arteriog
raphy also had selecti ve femorocerebral carotid arteriog raphy as a 
control on the same day. To limit contrast material , only one 
intravenous arch-carotid study was made at each examination. The 
right posterooblique projection was used in all 15 patients. 

Results 

In contrast to digital fluorography with limited field size 
(usually 15.2 or 22 .9 cm), we visualized the aortic arch , the 
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brachiocephalic branches, and the carotid bifurcations with 
xeroradiography . However, the quality of visualization of the 
aortic arch and proximal brachiocephalic branches was 
variable because of differing patient thicknesses. 

Of the 15 patients examined, 29 carotid bifurcations could 
be evaluated . One patient had a common carotid artery 
occ lusion (fig . 5). The image quality was graded on an 

Fig . 2. -Excelient visualizat ion of aortic arch, brachi
ocephalic branches, and carotid artery bifurcati ons. 

Fig. 3. -When contrast bolus pro
duces unsatisfactorily dilute images (A) , 
subtract ion (B) can be very helpful. 

A 

arbitrary scale of 1 + to 3 +. Exce llent image quality was 
graded 3 +. The 2 + category was reserved for those cases 
where the images were not of excepti onal c lari ty but enough 
information was ava ilable to decide whether further diag
nosti c testing was required. The grade 1 + represented 
nondiagnostic quality. Thus, images of 2+ or 3+ were 
placed in the diagnostic quality (or good to excel lent) c las
sification. Before subtraction, 22 of the 29 visuali zed bifur
cations were considered of diagnostic quality (table 1). 
When the seven nondiagnosti c images were subtracted, 
four were elevated to 2+ or 3 + image quality . Subtracti on, 
increased the number of diagnostic carot id studies to 26 of 
29 bifurcations: a rate of 89% good or exce llent visualiza
tion. 

Discussion 

Transvenous arteriog raphy is a well-known technique 
[1-4]. Most recently, de Lahitte et al. [5] showed 80.6% 
good or excellent results in visualizing the carotid arteries 
via transvenous peripheral vein injection techniques. Good 
subtraction technique was essential to their results . 

Kramann and Christen [6-8] described the initial use of 
the Gartner xeroradiographic cassette changer for intrave
nously injected serial angiography of the extrem ities , how
ever, we found no reports of use this technique for carotid 
occ lusive disease. While a major problem in visualizing the 
carotid vessles is superimposition of the bony structures in 
the neck, In most cases, we have found that subtraction of 
the bone in the neck is not necessary. As noted, a few 
cases required subtraction, usually because of superimpo
sition of the left carotid artery upon the facet joints of the 
spine in the right posterooblique position . Those few cases 
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TABLE 1: Carotid Bifurcation Image Quality by 
Xeroradiography 

Bifurcation 

Right 
Left 

Total 

Images 

Without Subtrac tion 

13 / 14 ' 
9 / 15 

22 / 29 

5 

All 

14/ 14 
12 / 15 
26 / 29 

. One right common ca rotid artery was occluded . This was correctly diagnosed. 

in which there was inadeq uate visualization of the carotid 
arteri es with or without subtraction were usually nondi
ag nostic because of patient motion during the filming se
quence which made subtraction unsuccessful. Undoubt
edly, the carotid artery visualization could be improved by 
doing two projections. In a screening situation, where an 
assoc iated selective arteriog ram was not contemplated , two 
intravenous injecti ons could be made if needed. 

The major advantages of the xeroradiographic system 
inc lude significantly lower cost , a wider field of view, excel
lent soft tissue contrast , wide density latitude, and edge 
enhancement. The soft ti ssue contrast, density latitude, and 
edge en hancement were very helpful in accentuating ves
sels with low iodine content. The major disadvantage of this 
system is the lower photon sensitivity of the selenium coated 
semiconductor plates when compared with conventional film 
radiography . Image production , therefore, requires a higher 
radiation dosage. Having concern for exposure of the thy
roid gland, we employed an aluminum wedge filter whi ch 
decreased skin dosage by 50%. The filtered sk in dosage at 
the thyroid gland was about 0 .9 rad / image (0.009 Gy). 

We find placement of a catheter in the inferi or vena cava 

Fig . 4. - Subtraction view. Patent 
ri ght and occ luded left prox imal internal 
carotid arteries are clearly visualized . 

Fig. 5. - Subtract ion study. Occlu
sion o f right common carotid artery. Left 
ex ternal caroti d artery is stenotic at ori
g in. 

via a femoral vein puncture to be a desirable procedure. 
This can be accomplished quickly and easily with no danger 
of peripheral vein rupture and extravasation. There has been 
no reflu x of contrast material into the jugular veins which 
can cause confusing images. This problem has been en
countered in many of the digital imaging series using arm 
vein injection techniques . 

We consider rapid sequence intravenous xerographic ca
rotid arteriography to be a feasible and accurate screening 
examination for occlusive disease of the carotid artery bi
furcations . The cost of the xerographic changer and devel
oper is much lower than the currently available digital fluo
rographic subtraction angiography units . Xerographic arte
riography is limited , to some extent, by body part thickness 
so that it is not as versatil e in examining the trunk as the 
digital systems may be. Also, the skin dose is higher than 
conventional radiography and digital subtraction angiogra
phy. 

ACKNOWLEDGMENTS 

We thank Robert Moore, Ph .D., Kendall Anderson , and th e Xerox 
Corporation for technical assistance and equipment use. 

REFERENCES 

1. Greenspan RH , Bernstein EF, Loken MK. Intravenous aortog
raphy. Technique and c linical aspects . AJR 1 960;83: 
1034-104 1 

2. Steinberg I, Evans JA. Techn ique of intravenous carotid and 
vertebral angiog raphy. AJR 1961 ;85: 1138-1145 

3. Bannister R, Murry-Leslie RM . Venoangiog raphy in th e study of 
cerebrovascular disease. Brain 1963;86: 16 1-172 

4. Scatliff JH , Greenspan RH . Radiog raph ic evaluat ion of major 



AJNR:3 , MarchI April 1982 XEROGRAPHIC CAROTID ARTERIOGRAPHY 201 

arteries of the neck by intravenous aortog raph y. Acta Radiol 
[DiagnJ 1963; 1 : 404-416 

5. de Lahilte MD, Marc-Vergnes JP, Rascol A, Guiraud S, Manelfe 
C. Intravenous angiography of the ex trac ranial cerebral arteries. 
Radiology 1980;137 : 705-711 

6. Kramann S, Christen M. Die transvenose Xero-Arteriog raphie 
der Extremitaten . Dtsch Med Wochenschr 1978; 102: 

1031-1033 
7. Kramann S, Christen M . Die intravenose Arteriographie im Xe

roxbild : Eine nichtinvasive Methode zue Darstellung periplerer 
Gefasse. ROEFO 1978;128:3 19 - 323 

8. Kramann S. Transvenous xeroarteriog raphy: noninvasive 
method for demonstrating peripheral arteries. AJR 1979 ; 
133: 245- 250 


