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It i almost l 00 years ince Roentgen discovered X-rays and 
it may seem incredible to realize that vascular radiology is 
almost as old. The fir t arteriogram wa produced in 
Germany in January, l 896, only one month after Roentgen ' 
di covery and was achieved by injecting the ves el of an 
amputated hand. By the early 1920 , everal worker sought 
to obtain in-vivo arteriograms u ing rather primitive and 
toxic contrast agents. Arteriogram of the peripheral, 
pulmonary, aortic and even cerebral circu lation were 
produced by courageou pioneers who, on occa ions, even 
practi ed elf-experimentation! Catheterization technique , 
contra t media and radiographic equipment continued to 
improve and it oon became possible to obtain high quality 
arteriograms of all the major va cular territories of the body. 

Patient and radiologi t of th later twentieth century are 
indebted to the work of the e pioneers and also to the 
a tounding technological progress which has made modern 
angiography a afe, convenient, comfortable and preci e 
technique. 

Arteriography reached it zenith in the early 1970 . Up to 
that time diagno tic arteriography had been u ·ed not only to 
study intrinsic va cular di ase but also to demon trate the 
circulation of olid vi cera, such a kidney, brain and liver, in 
order to examine disease within the e organs. This latter 
diagno tic function has declined considerably with the advent 
of modern cro - ectional imaging technique uch a 
computed tomography, ultra ound and magnetic re onance 
imaging. 

This review artic le eeks to illustrate the current practice of 
angiography and to assess future developments. 

Arteriography has traditionally been an invasive, 
uncomfortable and hazardou procedure requiring ho pital 
admi sion. On occa ion general anae thesia wa required 
due to the intense pain experienced during injection of 
conventional ionic contrast media. Two major developments 
have significantly altered thi image. Fir tly, the introduction 
of low osmolar non-ionic contra t agent has eliminated the 
inten e discomfort and ide effect a ociated with injection. 
The e agent are significantly le s toxic. Secondly, the 
introduction of digital ubtraction angiography (DSA) in the 
late 1970s ha brought vascular imaging into new clinical 
area which were not previou Iy accessible. 

DIGITAL SUBTRACTION ANGIOGRAPHY 

Digital radiography pre ents a marked departure from 
conventional radiography. The images are initially captured 
e lectronicall y rather than on film and are then converted into 
digital form which permit further manipulation to modify or 
improve the image. Thu , a uboptimal image can be post­
processed using features such as contour enhancement, pixel-
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shifting (a re-regi tration proce ), magnification, reversal 
and picture integration. Digital y tern pos e great ly 
increa ed en itivity which allows visualization of images not 
pos ible on film radiography. 

The principle of digital subtraction works in the ame 
manner a the conventional dark-room subtraction process, 
which has been u ed for many year to enhance arteriogram 
by eliminating superfluou irrelevant background detail, 
leaving only opacified ve el on the final image. The 
advantage of digital pre entation is that ubtracted image are 
avai lable for viewing immediately after acqui ition because 
the ubtraction process i carried out imultaneou Iy by 
e lectronic mean . Thi. reduces examination time 
con iderably and offers greater control and safety during 
vascul ar procedure . The most dramatic development in 
digital radiography wa intravenous digital subtraction 
arteriography (IVDSA). When IVDSA became availab le in 
the late 1970s it was greeted with wild optimism by 
radiologi t , and cnthu iast predicted that all ateriography 
would ev ntually be possible u ing a ingle periph rat 
intravenous injection of contrast. Unfortunately, thi initial 
optimi m wa never completely realized and ome 
in titutions abandoned IVDSA completely. Digital 
ubtraction image suffer from an inferior patial re 'Olution 

and many clinician find the unconventional appearance of 
the image unacceptable when compared to conventional 
film . The sensitivity and image manipulation of digital 
radiography, however, far outweigh these drawback and 
provide a superior va cular imaging facility. IVDSA till has 
an appropriate role in the following areas: 

l. Cervicocranial IVDSA 
The preferred initial evaluation of the extra-cranial carotid 
arterie i Colour Doppler ultrasound as it is completely 
non-inva ive. Arteriography is required for the evaluation 
of equivocal ultrasound findings and for pre-operative 
confirmation. IVDSA avoid hazardous manipulation of 
catheters within diseased arteries and e liminates the 
possibility of embolism. However, a diagnostic study is 
only achieved in approximately 70 f'o of ea e and, 
therefore, intra-arterial studies remain the preferred 
technique in thi area. 

2. Renal IVDSA 
The u e of IVDSA for renal angiography is not clear. 
Proponents of the technique c laim diagno tic image of the 
main renal arteries in 90% of the cases with the added 
advantage of selecti ve renal vein renin sampling at the 
same time. However, the branch ve set are poorly 
vi ualized and this method tend to overestimate teno e 
in atheromatou disease and undere timate lesion 
fibromuscular hyperpla ia. At best, IVDSA provide a 
minimally inva ive method of screening for evere renal 
arterial tenotic di ease. 



3. Aortic and Extremity IVDSA 
Aortic and extremity arteriography form the maJonty of 
vascular studie in a general department and are ideally 
uited to IVDSA. The method avoids interference with 

di ea ed extremity arteries which may shortly become the 
ite of a surgical anastomosi . It is al o invaluable in the 

evaluation of po t-operative graft patency and eliminates 
the unde irable need to puncture a graft (Fig. 1 ). 

Fig I - IVDSA confirms patency of left a.rillo~f"enwral and fememfemoral 
crossm·er grq/is i11 the peh·is with this 0111patie11t a11tl'riogra111 

IVDSA TECHNIQUE AND PATIENT 
SELECTION 

IVDSA can be pe,formed as an outpatient procedure with 
con iderable economic advantage for both medical institution 
and patient. No specific preparation is required but adequate 
hydration i very important. 

The procedur is performed under sterile condition and 
local anae, thesia by placing a cannula into an antecubital 
v in. A guidewire and pigtail catheter are then passed along 
the basilic vein until the catheter tip lie. within the right 
atrium. A large volume of full strength contrast i injected 
through thi , catheter in the space of two second ·, re ulting in 
a momentary feeling of inten e heat within the chest, of 
which the patient hould be forewarned and rea sured (Fig. 
2). Approximately five such injection are required for a 
peripheral lower limb study. The patient usually spend a 
total of one hour within the department. A pres ure bandage 
i placed over the venou puncture and the patient is advi ed 
to drink plenty of fluid. 

A good cardiac output i required for an adequate tudy 
and IVDSA may fail in the pre ence of cardiac failure. The 
technique requires a high contrast load and this may be 
unde irable in impaired renal function, diabete , myeloma 
and in elderly patient . Patients undergoing a central injection 
of full strength contrast medium demonstrate ECG change 
and occa ionally angina attacks may be precipitated. For thi 
reason, IVDSA should be avoided in the pre 'ence of evere 
ischaemic heart disea e. 

INTERVENTIONAL VASCULAR 
RADIOLOGY 

The percutaneou va cular techniques originally devi ed for 
diagnostic examination have been ingeniously adapted to 
provide a whole variety of therapeutic procedures. This 
branch of radiology ha expanded dramatically in the past 
decade and continue to have a profound impact in medicine 
and surgery. Interventional vascular radiology consists of 
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Fig 2 - De111011stratio11 <!l the cardiop11/mo11an· transit of contrast to form an 
l\ 'DSA arreriogra111 of the aortic arch ,·essels. Contrast injected inw the 

right otri11111 opac(!,es the aortic arch 3 seconds later 

three main strategie , namely vascular therapy (e.g. infusion 
of thrombolytic agents), vascular embolisation and vascular 
dilatation. Only vascular dilatation will be considered further 
in thi , review. 

Vascular dilatation or percutaneous transluminal 
angioplasty (PTA) was first performed in l 964 and rapidly 
became a widely practised technique. Most medical 
institutions in the U.K. offer a peripheral arterial angiopla ty 
service, producing results with a high succe s rate and low 
incidence of complication . It is es ential to adopt an 
integrated approach to the management of vascular disease, 
involving both radiologist and surgeon , if the reputation of 
PTA is to be maintained and o that patient receive 
appropriate therapy for their individual needs and potential 
complication are managed correctly. 



The appeal of angioplasty lie. in its endeavour to repair a 
native vessel and re tore normal anatomy and physiology 
with minimum disturbance to the vascular system (Fig. 3). It 
is also a relatively minor procedure performed under local 
anaesthesia (with optional sedation) and as ociated with 
shorter hospital admi sion and cost when compared to 
surgery. The high surgical and anae thetic morbidity 
a ociated with arteriopath can be avoided. Thi was shown 
in a large pro pective study by Jeans et ati 11 which 
investigated the outcome of patients undergoing lower limb 
PTA and showed an increased number of death from cardiac 
and cerebra l vascular causes in those patient in whom PTA 
had fai led and surgery had become nece sary. 

Fig 3 - Angioplasty <Jf these pop/it ea/ artery s1e11oses (arrows) aho/isl,ed 1he 

patien!'s rest pain and rerersed lol1'er limh cri1ica/ isclwemia 

a) pre dila1atio11 and h) post dilatation 

The ideal lesions for angiop lasty are hort segment 
steno e or short occlusion in the ilea-femoral and popliteal 
arterie . Dilatation of the e lesions is as ociated with high 
initial ucces rate (70 to 90%) and excellent long term 
patency rate (60% overall after seven year ) with poorer 
re ult in smaller ves els and when wide pread disease i 
present. It should be tre sed that atheromatous arterial 
disea e i progressive and therapeutic benefit from an 
interventional procedure hould be obtained quickly with 
minimum di turbance to the patient before the disease 
advance and require further treatment. Furthermore, in the 
late clinical pre entation of va cular di ease, angioplasty 
performed for limb alvage in critical i chaemia is 
con iderably more co t effective than amputation even if it 
only achieve freedom from re t pain. Repeated PTA can be 
performed as oon a three months after an initial procedure 
if ymptoms recur. 
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lntravascular Stents 
PTA has become an accepted means of restoring blood 

flow to the extremities and long term patency rates are 
comparable to those achieved surgically. However, the 
position regarding diffuse athero-sclerotic disease and 
complete arterial occlu ions i les favourable, with low po t­
angioplasty patency and high complication rate . The concept 
of providing permanent continuous support to a ves el to 
maintain patency following dilatation wa fir t reali ed in 
1969 when a coiled spring wa placed percutaneously into an 
artery. A variety of device has become available since that 
time and the best re ults have been obtained with the 
Wallstent (Schnieder-UK). The Wallstent is a tube woven 
from tainles steel alloy, giving it ela tic and pliable 
properties. It can be constrained onto a small diameter 
delivery catheter and when placed within a es el expands to 
its original diameter. Thi exerts a radial force within the 
ves el, thereby maintaining patency. After approximately 
three months, a lining of endothelium grow over the stent's 
surface and the implant is no longer recognised a a foreign 
body, thus diminishing the risk of stent thrombosis. Patient 
are placed on oral anticoagulation with Warfarin until 
endothelialisation ha taken place, after which they require 
only a small daily dose of oral a:pirin. The Wall tent ha 
been in worldwide u e ince 1987 and encouraging re ult , 
have been obtained with intrava cular u. e. The highest 
·uccess rates have been obtained within large vessels such as 
iliac and proximal femoral arteries with significantly inferior 
re ults in the femoro-popliteal segments. The unreserved 
indication for intrava, cular stent placement i. in SVC 
ob truction where ymptoms can be abolished within 12 
hours and the long term patency is excellent. 

Intravascular stent placement at any site is a permanent, 
irreversible procedure and careful con ideration should be 
given before committing a patient to thi form of treatment. It 
should not b used a a fit"' t-lin approach and alt rnative 
therapie , . hould be tried initially. Subsequent surgery can be 
difficult and hazardou in the pre. ence of a Wallstent. 
Furthermore, the, e devices are very ex pen ive - costing six 
hundred pounds each - and their use may not be 
economically ju tifiable in every , ituation. Vascular disease 
is progres, ive and PTA may provide an adequate, cheaper 
alternative which would uffice for a patient and could be 
repeated. In normal practice, it seems best that the u e of 
intrava cular stents is restricted to treating occlusive intimal 
di section at angiopla ty, recanali , ing complete occlusions or 
treating recurrent stenotic di ea e following repeated 
angiopla ty. 

FUTURE DEVELOPMENTS 

An insight into the future of vascular imaging is provided for 
u by exciting development in three present-day imaging 
modalities, namely Colour Doppler ultra ound, CT 
Angiography (CTA) and Magnetic Resonance Angiography 
(MRA). 

Colour Doppler ultrasound combines real-time ultra ound 
and pulsed doppl-er to provide a colour di play showing blood 
flow within ve els uperimposed upon the grey scale image. 
The blood flow is assigned a colour, typically red or blue 
depending upon flow direction relative to the probe. 
Turbulent blood flow cau es colour de aturation and thi i 
displayed a white. Colour Doppler equipment combine all 
three type of ultrasound and the use of colour simplifies the 
examination of ve sels by instantaneous presentation of flow 
across the entire field of view and allow preci e pulsed 



doppler analysi of flow at pecific points. Colour Doppler 
ultra ound is limited by the same restrictions of acces and 
penetration a conventional ultrasound and is , therefore, 
unable to demonstrate the entire vascular system; 
nevertheless it has found a well-defined role in the 
a es ment of peripheral ves els, particularly the. carotid 
arterie . Colour Doppler examinations are highly operator­
dependant, can often be time-con uming and are a sociated 
with a higher percentage of non-diagnostic studies. 

CT angiography has become possible by a revolutionary 
modification known as "spiral CT scanning", whereby ti ue 

Fig-+ - CTA demonstrates regional l11wto111_,. hy 11011 inrnsi, ·e tech11iq11e 
a) 111axi11111111 intensity prr~jection (MIP ) sholl'i11g the 

relation rf renal arteries to a11 C/Ortic a11e1ir_,·s111 
hand c) JD shaded s1//face display .. 

Note the i11temC1I cC1roticl srenosis in (c) 
All courtesy <?{SIEMENS AC 
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volume is scanned rather than serial cross-sectional slices. 
Spiral CT canner are highly rated, permitting very fa t 
scanning covering up to 60 cm length of ti ue in as little a 
thirty second , using less contrast than a conventional CT 
examination. The volume of ti ue examined during dynamic 
contrast enhancement can then be proce sed at a work station 
to demon trate the vascular anatomy, using either MIP 
(maximum intensity projection) or 3D haded surface 
di plays. The accompanying illu trations dramatically 
demon trate the capability of CTA (Fig. 4). The 3D display 
has found initial application in the abdomen to how the 
relationship of abdominal aortic aneurysms to renal arterie 
prior to surgery. Non-inva ive renal artery imaging is 
es ential in potential renal donor and al o in screening for 
renal artery stenosis. C.T. Angiography (CTA) has been 
shown to be more accurate in demonstrating acce sory renal 
ve els and stenotic disea e than Magnetic Re onance 
Angiography (MRA) and the results how high correlation 
with conventional angiography, with the additional bonus of 
showing the urgeon the 3D relations with adjacent vessel . 
CTA does not suffer from motion artefact in the abdomen, 
which severely restricts MRA in this region. MRA and CTA 
provide similar image quality in the cervico-cranial arterial 
circulation. The application of CTA to the peripheral arterial 
sy tern is le s clear at present due to the limitation of scan 
length ability and contrast bolus timing. 

Fig 5 -3D MRA s111dy <if'circlc of \Vil/is 11si11g 3D ti111e-r!r flight sequence. 
This i111age ,, ·us ohwincd ll'itho11t the 11se r!(any contrast 111edi11111 and can he 

i·iewccl in di//"aent 3D pu!iections Clt a ll'or/..station 
Courtc y MRI depart111e11t . St .la111c.(s Unil'ersity /-lospital, Leeds 

Magnetic re onance angiography i the most exciting 
future va cular imaging technique and has achieved the 
ultimate ideal in diagno tic imaging of providing dynamic 3D 
vascular image. non-invasively without the use of contrast 
(Fig. 5). MRA is st ill undergoing research and development 
and it seem inevitabl that con iderable areas of diagnostic 
angiography will eventually be performed by thi technique. 
It ha had an immediate impact in cardiac imaging where the 
combination of multi-planar image, and the non-invasive 
element have revolutionalised the investigation of congenital 
cardiac disease. Inferior patial re olution and motion 
artefact limit the current use of MRA but technological 
refinements may eventually overcome these. A specific 
problem is the inaccuracy in a , ess ing stenotic arterial 
di , ease due to blood flow turbulence disturbing the MR 
signal beyond the stenosis. Carotid plaque ulceration may 
not be detected either for simi lar reasons. However, MRA is 
more accurate than Doppler Ultra ound in differentiating a 
everely stenotic vessel from a complete occlusion. 

Each of the new imaging modalities will ultimately occupy 
a clearly defined role in spec ific clinical situations. It is 



inevitable that these newer technique will rep lace 
conventional methods but the re tricted acce and time 
pres ure on high technology diagnostic equipment mean that 
the transition will be slow. Skill in conventional arterial 
acces will till be required to perform interventional 
procedure . 
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