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Abstract — This review article discusses some of the basic principles of angiography and
digital subtraction angiography (DSA) of the peripheral vascular disease. The advantages
of digital subtraction angiography are described. Inira-arterial DSA can make an im-
portant contribution to the rentgenological evaluation of peripheral vascular disease.
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Introduction — The concept of angio-
graphy was developed soon after the dis-
covery of X-rays when Haschek and Lin-
dedenthal injected calcium carbonate into
an artery of an amputated hand in 1896
(13). The first reported arteriograms and
venograms in man were made with a 2%
solution of strontium bromide in 1923 (2).
Clinically angiography became useful in the
1920’'s when Brooks reported the first de-
monstration of the vessels of the lower ex-
tremities by using intraarterial injections of
sodium iodide in 1924 (4). The develop-
ment of iodinated cantrast material by
ment of iodinated contrast material by
Swick (29) and the translumbar approach
by dos Santos (10) were also important
events for angiography in the late 1920's.
A major advance in angiography occured
in 1953 when Seldinger developed a per-
cutaneous method of catherizing of femo-
ral artery (25). Refinements in catheters
and radiographic equipment, especially the
development of image intensifier tubes,
rapid film cangers and TV system, in the
1950's and 60’ have brought angiography
to ist current state.
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Angiography of peripheral vascular di-
sease — Peripheral vascular disease has
always been one of the most common in-
dications for angiography, and its investiga-
tion has provided much of the incentive for
development of angiographic techniques.
Although the diagnosis of vascular disease
is now usually made by combination of cli-
nical findings and non invasive tests, the
ability of angiography to accurately define
the arterial lumin and localize discrete
areas of narowing remains very important.
Attempts to understand the clinical signi-
ficance of angiographically demonstrated
lesions have led to many studies evaluating
the hemodynamic effects products by va-
rious degrees of luminal narrowing (3, 17,
18, 22, 30, 36). Most of these studies have
been performade in dogs by measuring the
changes in blood pressure and blood flow
beyond an artifically created stenosis. By
comparing the cross-sectional area of the
stenosis with the drop in distal blood flow
a curve demonstrates that a very substan-
tial decrease in luminal area must occur
before any effect on blood flow is noted.
A similar curve occurs for changes in pres-
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sure. Once this “critical” point has been
reached ,there is a rapid drop in both
blood flow and pressure, for even small
incremental increases in stenosis. It is ge-
nerally agreed that in most clinical situa-
tions, significant flow limitation will occur
and a pressure gradient will develope once
there has been a reduction of cross-sec-
tional luminal area of about 70—80 %. In-
creased blood flow through a stenotic le-
sion changes the shape of the curve so
that the “critical” point is reached earlier,
although the hemodynamic effect are more
gradual.

For many years angiography has been
accepted as the standard method for de-
tecting and determining the significance of
vascular lessions. However, several studies
have questioned the ability of angiography
to accurately evaluate peripheral vascular
disease of the lower extremities (5, 23, 28,
31, 33, 34). In a widely quoted article,
Moore and Hall (23) studied 40 patients
with claudication, normal femoral pulses
and normal angiograms of iliac arteries. 28
of these patients were found to have signi-
ficant iliac artery stenosis by hemodynamic
evaluation. Of these 28,17 patients had sur-
gical intervention, confirming the presence
of significat vascular lesions in all cases.
All but one of these patients treated sur-
gically were asymptomatic or significantly
improved despite the presence of distal
diseasedisease Thompson et al. (33) found
that arterigraphy failed to identity signifi-
cant stenosis of the origin of the deep fe-
moral artery in 75 % of 58 cases found at
surgery.

Udoff et al. (34) correlated angiograms
of the ilio-femoral arteries in 48 patients
with hemodynamic measurements and con-
clude that the arteriogram is not an ac-
curate indicator of hemodynamically signi-
ficant lesions. Slot et al. (28) measured
the interobserver variability in evaluating
single plane angiography and found that
interobserver agreement on the degree of
arterial stenosis was poor, especialy in-
volving the femoral bifurcation. They sug-
gest that surgical decisions should not
rely on angiographic information and that
accuracy of non-invasive diagnostic test
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should not use angiography as a reference.
Castenada-Zuniga et al. (5) point out that
angiography tends to underestimate the
significance of vascular lesins and that
even severe areas of narrowing may be
found at surgery that are not appreciated
angiographcally.

In a review of this subject by Thiele and
Strandness (31) in 1983 they stress some
of the tecnical difficulties of angiographic
assessmet of vascular disease, and note
the unreliable results of trying to establish
the functional significance of a lesion based
on its angiographic appearance. As a pure-
ly morphological study they suggest that
angiography is an unsuitable method for
determining the clinical significance of va-
scular disease and should not be used in
planning surgical therapy or in evaluating
noninvasive technique.

One factor common to all of these stu-
dies is the use of single plane angiograms
for evaluating the extent and severity of
vascular disease. Despite the reference in
most of these studies about the importance
of biplane angiography or multiple views,
their conclusions are almost entirely based
on single plane AP or PA arteriograms. The
principle that one projection is not ade-
quate to accurately characterize a radio-
graphically visualized structure or lesion
dates back to the earliest days of radio-
logy (35). Yet it is generally accepted that
a single projection is adequate when eva-
luating peripheral vascular disease of lower
extremities. any studies have examined the
value of multiple and oblique projections
in evaluating the vascular system and have
found that arteriograms in the AP projec-
tion alone are not adequate. This is espe-
cially true in the pelvis (1, 6, 8, 14, 19, 20,
26, 27, 32, 35). Beales et al. (1) found that
of 209 limbs studiede in 132 patients 38 %
(81 limbs) had stenosis at the origin of the
deep femoral artery. Of these 81 stenotic
lesions only 30 %% were visualized on the
frontal view, whereas nearly 70 %o required
a lateral or oblique view for demonstration.

In an anatomic study Thomas and An-
dress (32) found that the origin of pro-
funda femoris artery was shown optimally
in the oblique projection in 75% of pa-
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tients compared with the frontal projection
in which it was visualized in 35—40%o. In
a small series of patients they demonstrat-
ed lesions in oblique views of the iliac and
femoral bifurcations which were missed on
the standard AP projections.

Similarly, a study by Sethi et al. (27)
iound significant lesions in 6 of 14 patients
on oblique views of the femoral or iliac
arteries who had either unsuspected lesi-
ons or thought to be insignificant of the
AP views. Crummy et al. (8) found that
multiple views provided clinically signifi-
cant information in 4090 of their cases in
a series of more than 500 patients. They
found this technique was more accurate in
evaluating the hemodynamic significance of
of arterial lesions and also was valuable
in detecting unsuspected lesions, both pro-
yimally in the pelvis and distally, bellow the
knee. The improved visualisation of the
popliteal and trifurcation vessels afforded
by multiple views significantly influenced
the evaluation of distal runoff in 1/3 of
their cases. This information was impor-
tant in the selection of the site for distal
anastomosis. In a review of 195 patienets
undergoing bilateral aortofemoral bypass
grafting, McDonald et al. (19) found 76 in-
stances of stenosis of the deep femoral
artery. The preoperative single view arterio-
grams had demonstrated only 28 of these
for a false negative rate of 63 %. In a
second study (20) they reviewed 116 fe-
moral angiograms and found that the fe-
morals arteries were adequately demon-
strated in 28 of 164 AP projections (17 %),
33 of 42 ipsilateral anterior oblique pro-
jections (9 %). Significant stenosis of the
deep femoral artery was demonstrated in
16 of 33 patients who had both AP and
ipsilateral anterior oblique angiograms. Of
these 16 stenoses was seen only on the
AP projections while 13 (82 %) were seen
only on the oblique projection, and 2 were
seen on both projections.

There are several reasons multiple views
are necessary in determining the degree of
stenosis or the presence or absence of si-
gnificant lesions. Moore and Hall (23)
among others have pointed out that arthe-
rosclerosis tends to occur no the posterior
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walls of vessels — especialle in the pelvis.
This may produce significant compromise
of luminal area and yet not be detected
angiographically on standard AP views. The
anterior-posterior course of the ileofemoral
arteries make the AP views poor a poor
projection for outlining the arteries in this
area. The posterolateral orientation of the
femoral bifurcations and the posteromedial
orientation of the iliac bifurcations are dif-
ficult to visualize and overlapping arteries
and bones may obscure vascular lesions.

Digital subtraction angiography — The
reason many studies are limited to AP
views may be related to the necessity for
additional contrast injections when multiple
views are obtained. This not only increases
the lenght of the procedure and the dis-
comfort to the patient but it also increases
the risk from contrast toxicity. A secondary
consideration in increased film cost, and
of these objections are solved by the use
of digital subtraction angiography.

The advantages and disadvantages of di-
gital angiography are now well recognized
(7, 9, 14, 15, 16). This new imaging method
has been used successfully with both IV
and IA contrast injections to study periphe-
ral vascular disease (6, 12, 15, 21, 24).
Using intraarterial injections, the advanta-
ges of this technique over standard film-
screen angiography are very useful in stu-
dyin vascular disease of the lover extremi-
ties. Its increased sensitivity to low levels
of contrast make it possible to use diluted
concentrations of contrast media, allowina
visualization of poorly specified vessels. It
also decreased patient discomfort and re-
duces risk of contrast toxicity. Overlying
bone is subtracted, allowing improved visu-
alization of arteries.

Kubal et al. (16) report a series of pa-
tients thought to have occluded runoff ves-
sels on conventional angiography with
large volume contrast injections and re-
active hyperemia, but found to have patent
vessels at surgery by operative angiograms.
By using digital angiography they have
been able to demonstrate patent runoff
vessels in one third of patient vessels at
surgery not demonstrated by digital stu-
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dies. Instantaneus viewing of subtracted
images reduces proecdure time and film
costs.

The limitations of IA-DSA include a limit-
ed field of view with standard sized image
intensifiers and poor spatial resolution com-
pared to film (2 line pairs/mm vs 5 line
pairs/mm), but when integrated with a
single standard AP film screen angiogra-
phic run, these limitations are not impor-
tant.

Conclusion — Indentification of signifi-
cant vascular lesions is necessary for the
effective treatment of vascular disease in
the lower extremity. Accurate assessment
of the vascular system in the legs and pel-
vis requires multiple projections for ade-
quate visualization of the femoral and iliac
bifurcations and for accurate evaluation of
the significance of vascular lesions. Intra-
arterial DSA can make an important con-
tribution to the angiographic evaluation of
peripheral vascular disease (fig. 1 a, b, c,
d). It allows us to make multiple contrast
injections without significantly increasing
patient discomfort or increasing the risk
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Fig.1a — This 66 old man had a long history
of bilateral claudication. Intra-arterial DSA shows
the total occlusion of the abdominal aorta at

aorto-iliac level
Slika 1a — 66-letni bolnik je imel dolgotrajno
anamnezo obojestranske klaudifikacije. Intraarte-
rijska DSA prikaze popolno zaporo trebusne aor-
te na prehodu le-te v mdenic¢ni arteriji
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from contrast toxicity. This enables us to
use multiple projections to better view parts
of the arterial system usually not well visu-
alized and to more accurately evaluate ar-
terial lesions. It also allows better visualiza-
tion of faintly opacified runoff vessels be-
yond a high grade stenosis occlusion.
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Fig. 1 b — Same patient — at the distal level
(pelvis) DSA shows collateral vessels
Slika 1 b — Isti bolnik — nizje v medenici DSA
prikaze kolateralno ozilje
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Fig. 1 ¢ — Same patient — at the distal level,
racanalisation of the right femoral artery (arrow)
via collaterals is evident
Slika 1 ¢ — Isti bolnik — nizje je jasno prika-
zana desna femoralna arterija (puscica), ki se
polni preko kolateral
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Fig.1d Same patient — opacification of the

the right popliteal and tibial arteries is normal

Slika 1d — Isti bolnik — slika desne popliteal-
ne in tibialnih arterij je normalna

Currently the main limitations of Digital
Subtraction Angiography are its small field
of vision when usede with standard sized
image intensifiers and relatively poor spa-
fial resolution. But when used in conjunc-
tion with an initial standard filming, unr
these limitations are less important.

lzvieéek

Pregledni c&lanek obravnava nekatere osnov-
ne principe angiografije in racunalniSske sub-
trakcijske angiografije (DSA) pri boleznih peri-
fernega ozilja. Opisane so prednosti in slabosti
racunalniske subtrakcijske angiografije. Intra-ar-
terijska DSA lahko pomembno prispeva k rent-
genoloski oceni bolezni perifernega ozilja.
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