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Complications of cerebral angiography for
patients with mild carotid territory ischaemia
being considered for carotid endarterectomy

Graeme J Hankey, Charles P Warlow, Andrew J Molyneux

Abstract
It is essential to image the carotid bi-
furcation adequately in patients with
symptomatic carotid territory
ischaemia if they are being considered
for carotid endarterectomy. Optimal
resolution is achieved by selective intra-
arterial contrast angiography which is
an invasive procedure carrying some
risk. The overall risk-benefit of carotid
endarterectomy is currently being inves-
tigated in several large randomised
trials in Europe and North America.
Because cerebral angiography is a pre-
requisite for carotid endarterectomy,
the risks of cerebral angiography will
need to be added to those of surgery
when considering whether carotid en-
darterectomy is effective in the man-
agement of these patients. This study
evaluated prospectively 382 patients with
symptomatically mild carotid ischaemia
who had cerebral angiography to visual-
ise a potentially resectable lesion at the
carotid bifurcation. Complications foll-
owed 14 cerebral angiograms in 13
patients (3-4%); two complications were
local (0-5%), two systemic (0-5%) and 10
were neurological (2 6%). The neuro-
logical complications were transient
(TIA 1, generalised seizure 1) in two
patients (0-5%), reversible (stroke) in
three (08%) and permanent (stroke) in
five patients (1-3%). There were no
deaths. The significant risk factors for
post angiographic stroke were (1) stroke
before angiography compared with
transient ischaemic attacks of the eye or
brain and (2) the presence of > 50%
diameter stenosis of the symptomatic
internal carotid artery; unfortunately it
may be the latter patients who are most
at risk of stroke as part of the natural
history of their disease and therefore
most in need of prophylactic carotid
endarterectomy (which requires
cerebral angiography). The absolute risk
of post-angiographic stroke can be
reduced by careful selection of patients
for cerebral angiography using clinical
evaluation and Duplex carotid
ultrasound screening.

The utility of carotid endarterectomy in the
management of patients with asymptomatic
carotid artery stenosis, transient ischaemic
attacks (TIA), and non-disabling ischaemic

stroke in the carotid artery territory is cur-
rently being investigated in several large ran-
domised trials in Europe and North America.

Before carotid endarterectomy is under-
taken, the symptomatic carotid bifurcation
must be adequately imaged. Although carotid
endarterectomy is occasionally performed on
the basis of the findings of Duplex carotid
ultrasound' or intravenous digital subtraction
angiography (IV-DSA) studies alone, the
images of the carotid bifurcation are clearly
not optimal and almost all surgeons, in the
United Kingdom, require angiographic de-
monstration of the carotid bifurcation by
either conventional cerebral angiography or
intra-arterial digital subtraction angiography
(IA-DSA).23 These are invasive procedures,
however, with an inherent risk that must be
added to the surgical risk of carotid endar-
terectomy when making a decision on whether
to recommend surgery. However, the degree
of risk of cerebral angiography for patients
with symptomatic carotid ischaemia is uncer-
tain; reported complication rates vary from as
low as zero to as high as 28%.' These incon-
sistent results reflect the heterogeneity of the
studies in terms of patient selection, study
design, angiographic technique/expertise and
the definition, assessment and interpretation
of complications.
Almost all of the early studies were retro-

spective and therefore characterised by
administrative problems (missing clinical
notes or vital data) and methodological prob-
lems (inconsistent patient selection, non-
standard diagnostic and outcome criteria,
variation in follow up frequency, and bias due
to non-blind reviewers). Only eight prospec-
tive studies have addressed the complication
rate of cerebral angiography for patients with
ischaemic cerebrovascular disease and there
have been no prospective studies of IA-
DSA.7'4 The most methodologically sound
studies aimed to ascertain the complication
rate of cerebral angiography in general and
not specifically in those patients with cere-
brovascular disease.9 12 Thus, overall, the eight
studies accumulated 2227 cerebral angiograms
in patients with cerebrovascular disease and
the total neurological complication rate varied
from 0-7-11-3% (overall average 4-1%, 95%
confidence interval [CI] 3-3-4-9%).
Neurological symptoms and signs were tran-
sient or reversible (resolving within seven
days) in 0-9-7-1% (average 3-1%, 95% CI:
2-3-3-8%) and permanent in O-5-6% (average
10%, 95% CI: 06-1-5%). The overall mor-
tality rate was 0-06% (95% CI: -0O18%).'
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Should carotid endarterectomy be shown to
improve stroke-free survival then the com-
plication rate of cerebral angiography must be
known for the various types of patients in
whom carotid surgery may be indicated. This
study was therefore prompted by the need to
know the complication rate specifically for
patients with symptomatically mild carotid
territory ischaemia.

Patients and methods
Patients
Between 1977 and 1986, 615 patients with
symptomatic carotid territory ischaemia were
referred to one of us (CPW) and studied
prospectively. The referral sources included
the patients' general practitioners (48%), the
Oxford Eye Hospital (30%), a vascular sur-
geon (800), a neurologist (2%) and another
consultant (1200). The presenting disorders
were transient ischaemic attack of the brain (n
= 243, 400O) or eye (n = 171, 28%), retinal
infarction (n = 106, 17°o), minor stroke (n =
26, 40o) or non-disabling major stroke (n
=69, 11%r). A previous stroke had occurred
in 19 patients with transient ischaemia of the
brain (TCIA), nine with transient ischaemia
of the eye (amaurosis fugax) and seven with
retinal infarction. The date of onset of the
most recent symptomatic vascular event was
recorded.

Methods
The reason for cerebral angiography was to
image a potentially resectable vascular lesion
at the symptomatic carotid bifurcation.
Patients were only considered for angiography
if they were potential surgical candidates from
both a neurological and general medical point
of view: relatively young in biological terms,
systemically well and not uraemic. Patients
were not screened for angiography (by
cervical ausculation findings or carotid
ultrasound). Angiography was performed by a
consultant neuroradiologist or a radiology
trainee under consultant supervision. The
angiographic procedure was an arch study in
200 of procedures, direct carotid puncture, of
just the symptomatic artery usually, in 31%:
and selective catheterisation via the femoral
route of the symptomatic and often asymp-
tomatic carotid arteries in 67%. The
angiographic findings were recorded.

All patients had a neurological assessment
by a neurologist (CPW) before angiography.
Patients were observed during and im-
mediately after angiography by the radiologist
and upon return to the hospital ward by the
neurology resident. The following day the
patient was usually seen by a neurologist
(CPW). After hospital discharge all patients
were followed prospectively by CPW until
they either died, or the end of 1986.

All neurological events which were detected
within 72 hours of angiography were recorded
as complications of angiography. Complica-
tions were classified according to their dura-
tion as either transient (resolution of symp-
toms within 24 hours of onset), reversible

(persisting beyond 24 hours but resolving
within one week of onset) or permanent (per-
sisting beyond one week) and according to
their nature as either local (for example,
haematoma, claudication worse, ischaemic
foot), systemic (for example, allergic),
neurological (focal neurological deficit) or
death. The frequency of complications was
expressed using the number of patients as the
denominator. Disability was graded according
to the modified Rankin scale'6 in those
patients who suffered a disabling and perma-
nent complication.

Definitions
Transient ischaemic attack ( TIA): an acute loss
of focal cerebral or ocular function with symp-
toms lasting less than 24 hours and which after
adequate investigation was presumed to be due
to embolic or thrombotic vascular disease.'7
Neurological signs ofno functional significance
were acceptable thereafter.
Retinal infaction: an acute painless and persis-
tent (beyond 24 hours) monocular loss of visual
acuity or visual field with ophthalmoscopic
findings of pallor of all or a section of the
posterior pole of the retina. Additional findings
included the presence of an afferent pupillary
defect or embolic material in retinal arteries or
arterioles of some patients or a cherry-red spot
over the fovea in cases of central retinal artery
occlusion.
Minor ischaemic stroke: an acute ischaemic
disturbance of focal neurological function with
symptoms lasting more than 24 hours and less
than one week. Neurological signs of no func-
tional significance were acceptable thereafter.
Non-disabling major ischaemic stroke: an acute
ischaemic disturbance of focal neurological
function with symptoms lasting more than one
week but with little or no residual disability
(modified Rankin grade 0-2).16
Hypertension: diastolic blood pressure > 100
mm Hg (phase V) at presentation and/or
known treated hypertension.
Cardiac arrhythmia: any previous or current
supraventricular or ventricular arrhythmia
documented by ECG recording.
Peripheral vascular disease: intermittent
claudication in one or both limbs, ischaemic
rest pain or past peripheral vascular surgery.
Diabetes mellitus: fasting venous plasma
glucose level > 8-0 mmol/l or random level >
11 0 mmol/l and/or known treated diabetes.
Hypercholesterolaemia: plasma cholesterol >
7T0 mmol/l and/or known treated hypercholes-
terolaemia.

Results
Cerebral angiography was performed in 382 of
the 615 patients (62%). The presenting disor-
der was transient ischaemic attack of the brain
(carotid territory) in 152 patients or eye in 107
cases, retinal infarction in 59, minor stroke in
15, and major stroke in 49. A preceding stroke
had occurred in 11 patients with TIA, nine
with amaurosis fugax (AFx) and three with
retinal infarction.
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Table 1 Patient details

No in Complications

Case last Past Neurological Angio
No Age Sex Diagnosis 6 weeks history Local Systemic Transient reversible Permanent findings

1 73 F (L) lacunar 1 Hypertension CCA No carotid
stroke dissection stenosis or

ulceration
2 67 M (L) A Fx 5 IHD Rest pain (L) ICA origin:

Hypertension ipsilat. leg 98% stenosis
PVD (R) ICA origin:
Ex-smoker 50% stenosis

3 52 M (L) TIA 1 IHD Glaucoma (L) ICA origin:
Hypertension (atropine) 50% stenosis
PVD
Smoker

4 76 M (R) TIA 8 Angio no I Angio no 2 (R) ICA origin:
HRI, BPI Stroke: 50% stenosis
TIA: (R) hemisphere (L) ICA: 10%
(R) hemisph. stenosis

5 58 M (R) TIA 5 Epilepsy: Seizure: Normal
noctumal gen ton/clon.

6 64 M (R) TIA 4 Hypertension TIA: (L) hand (R) ICA:
Ex-smoker tingling: minutes 20% stenosis

7 61 M (R) Stroke 1 Stroke: (R) hem. (R) ICA origin:
Rankin 1 98% stenosis

8 51 M (L) Stroke 1 M. Infarct Stroke: (L) ICA:
Rankin 2 Ex-smoker (L) MCA infarct: occluded

(R) ICA origin:
50% stenosis

9 59 M (R) BRAO 1 Ex-smoker Stroke: (R) ICA origin:
(L) hand 65% stenosis
clumsy and ulcer
Rankin gr I (L) ICA:

45% stenosis
10 71 M (R) TIA 5 PVD Stroke: (R) ICA origin:

Ex-smoker (R) pariet.- 62% stenosis
occip. (R) siphon: 30%
Rankin gr 2 (L) ICA: 10%

11 59 M (R) CRAO 1 Hypertension Stroke: (R) ICA origin:
Ex-smoker (R) MCA 95% stenosis

infarct (L) ICA origin:
Rankin gr 4 70% stenosis

12 67 M (L) Stroke 1 Pipe smoker Stroke: (L) ICA origin:
Rankin 1 (L) MCA 50% stenosis and

infarct ulceration
Rankin gr 2 (R) ICA origin:

23% stenosis
13 23 M (L) Stroke 1 IDDM Stroke: (L) MCA

Rankin 3 Smoker (R) MCA stenosis
Strong infarct (L) MCA branch
FH CVD Rankin gr 3 occlusion

(R) MCA
stenosis

*(L) and (R) refers to the symptomatic carotid artery, side of the brain or eye
TIA: transient ischaemic attack
AFx: amaurosis fugax
CRAO/BRAO: central/branch retinal artery occlusion
IHD: ischaemic heart disease
PVD: peripheral vascular disease
IDDM: insulin-dependent diabetes mellitus
CCA = common carotid artery
ICA = internal carotid artery

The median age was 61 years (range 6-76
years) with a male predominance (72%). Risk
factors for vascular disease were comrnon:
current smoking (48%), hypertension (44%)
hypercholesterolaemia (43%), heart disease:
ischaemic +/or valvular (36%), cardiac ar-
rhythmia (20%), peripheral vascular disease
(18%) and diabetes mellitus (5%). A previous
history of migraine was present in 19% of
patients (common 3%, classic 16%) and 64%
ofwomen were post-menopausal.
Treatment was continued in many cases or

instituted after clinical evaluation, frequently
before angiography; aspirin in 51%, aspirin
and dipyridamole in 1%, anticoagulants in 2%
and no antithrombotic medications in 46%.
Carotid endarterectomy was subsequently
undertaken in 73 cases (19%) and another 27
(7%) were randomised to no-surgery in the
European Carotid Surgery Trial.
Angiography adequately imaged 542 internal

carotid arteries (right 281, left 261). Variable
degree of stenosis were present at the origin of

83% of internal carotid arteries and ulceration
was detected in 30%. Carotid siphon disease
was present in 20% of intemal carotid arteries.

Complications followed 14 cerebral angio-
grams in 13 patients (3-4%). Two complica-
tions were local (0 5%), two systemic (05%)
and 10 were neurological (2.6%) (table 1).
There were no deaths.
Local complications (n = 2) (table 1)
One patient developed a local asymptomatic
dissection of the posterior wall of the common
carotid artery at the site of direct carotid
puncture. Another patient who suffered inter-
mittent claudication developed severe rest pain
in the leg following ipsilateral femoral artery
puncture.
Systemic complications (n= 2)
Following pre-medication with a preparation
containing atropine one patient developed
acute closed angle glaucoma which responded
to topical pilocarpine eye drops. Bradycardia
and hypotension occurred immediately follow-
ing contrast injection in another patient pre-
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Table 2 Post-angiographic stroke rate for symptomatic carotid ischaemia

Post-angiogram stroke

Reversible Permanent Total

Diagnosis Patients No 00 No % No % (95% CI)

TIA brain +/or eye 259 1 1 2 0 8 (0-18)
Retinal Infarct 59 0 2 2 3-4 (0-80)
Stroke 64 2 2 4 6-2 (03-121)
Total 382 3 0-8 5 1-3 8 2-1 (0 7-3-5)

cipitating left sided weakness that was
transient, resolving with restoration of the
systemic blood pressure to normal.
Neurological complications (n = 10) (tables 1
and 2)
Neurological complications were transient in
two cases, reversible in three and permanent in
five cases.
A generalised tonic/clonic seizure occurred

within hours of angiography in a patient who
had a 10 year history of sleep-associated
seizures and who had recently withdrawn
phenobarbital treatment while continuing
phenytoin. In accordance with conventional
criteria, adopted for this study, this was re-
corded as an angiographic complication.
Another patient developed transient tingling in
the left hand during selective injection of the
right carotid artery with contrast medium.
Angiography was complicated by a stroke in

eight patients (2- 1 0/0; 95 0 confidence interval
(0-7-3-50%). The neurological deficit com-
pletely resolved within seven days in three
cases but persisted beyond this time in five. No
deaths occurred. Three of those with perma-
nent deficits were mildly disabled at seven days
after angiography (Rankin grade 1 or 2), one
was moderately disabled (grade 3) and one was
severely disabled (grade 4).

All eight patients who suffered a post-
angiographic stroke were men and the mean age
was 58 years (range 23-76). The prevalence of
risk factors for vascular disease did not differ
significantly from those in whom angiography
was not complicated by stroke.

Post angiographic stroke occurred in two of
the 152 patients who presented with TIA
(1 .3° ), none of the 107 patients with AFx, two
ofthe 59 with retinal infarction (3-4A% ) and four
of the 64 who presented following a stroke
(6 20°o). The two patients with TIA and post
angiographic stroke had been experiencing
frequent (weekly) TIAs before angiography.
The rate of post-angiographic stroke was sig-
nificantly higher in those patients who had
suffered a stroke before cerebral angiography
than those who were being investigated for
transient ischaemic attacks of the eye or brain
(p = 0 015, Fisher's exact test). More note-
worthy, however, was the presence of "sig-
nificant" ( > 50% diameter stenosis) disease at
the origin of the symptomatic internal carotid
artery (ICA) in seven of the eight patients
(880/0) who had a post angiographic stroke
compared with 120 of the 374 patients (32%)
who did not (Chi square with Yates correction
= 8-5, odds ratio (OR) = 14-8, 95% confidence
interval (CI) of OR = 2-4-91). The eighth
patient had severe stenosis of the origin of the

symptomatic middle cerebral artery. Symp-
tomatic ICA stenosis > 9500 was present in
three of the eight patients who had a stroke
after angiography in contrast to only 33 of the
374 who did not (Chi square with Yates correc-
tion = 4-6, OR = 6-2, 95% CI of OR = 1-2-
33).

Discussion
The total neurological complication rate of
cerebral angiography for these 382 patients
with symptomatic carotid territory ischaemia
who were being considered for carotid en-
darterectomy was 2 6% (95% CI: 1-0A4-2%).
Neurological complications were transient or
reversible in five (1 3°%) and permanent in five
patients (1 3q , 95%' CI: 0.2-2.4%). This
result falls within the 95% confidence interval
of the overall permanent neurological com-
plication rate of the other eight prospective
studies.'-5

Stroke was the major complication and con-
stituted three of the reversible events and all of
the permanent events (2- 00). Previous studies
have postulated several risk factors for post-
angiographic stroke. These include: old age;'2
general ill health and systemic disease'4;
cerebrovascular disease as the indication for
cerebral angiography as opposed to other indi-
cations such as cerebral aneurysm, tumour or
arteriovenous malformation'2; frequent TIAs
and recent stroke9; stroke-in-evolution'8;
carotid artery disease'3 18 19; cerebral angio-
graphy performed by inexperienced radiology
trainees13; use of a greater volume of contrast, 2

a greater number of catheters and catheter
exchanges,9 12 and longer duration
procedures. 12
The patients who suffered a post-angiogram

stroke in our series were of mean age 58 years
(range 23-76) which was younger but not
significantly different from the other patients
having angiography. All eight patients were
male and were considered medically fit for
angiography and carotid surgery, should it
have been appropriate. Frequent TIAs pre-
ceded cerebral angiography in both TIA
patients who subsequently suffered stroke. No
patient with stroke-in-evolution was subjected
to cerebral angiography but stroke onset
preceded cerebral angiography by less than six
weeks in the four previous stroke cases.

Post-angiographic stroke occurred in a sig-
nificantly greater proportion of patients who
had suffered a stroke (6-2%) before cerebral
angiography than those who had transient
ischaemic attacks of the eye or brain (0-8%).
Unfortunately, almost all previous studies have
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not categorised both the indications for
cerebral angiography and the post-angio-
graphic complications according to whether
the patients had prior TIAs or stroke.
Frequently this information was only available
for one or the other. The only prospective
study to have done so was that ofMcIvor et al 3
which recorded the total neurological com-
plication rates (not just stroke rates) and found
that they were almost equal for patients with
prior TIAs (13 1%) and stroke (12-4%). (OR
= 0-94, 95%" CI of the OR = 0-2-5-3). In our
series, the total neurological complication rate
for patients with prior TIAs was 1-6% and for
stroke 6 7% (OR = 4-2, 95% CI of the OR =
0 8-22), whereas for the post angiographic
stroke rate there was a statistically significant
difference, albeit with wide confidence
intervals (OR = 86, 95o CI of the OR = 1-5-
5 0).
The prevalence of internal carotid artery

diameter stenosis of > 50% in all but one
patient who had a post-angiogram stroke was
the most striking and significant predictor of
this complication but the 95% confidence
interval of the odds ratio was very wide due to
the small total number with complications. It is
remarkable that only one of the prospective
studies looked for a potential correlation be-
tween the severity of internal carotid artery
(ICA) disease and the complication rate of
cerebral angiography, since this relationship is
commonly assumed. McIvor et al " studied 230
cerebral angiograms in 229 patients with symp-
tomatic cerebrovascular disease and found that
26 patients (1 13%) suffered a post-angio-
graphic neurological complication. No statis-
tically significant correlation was present be-
tween ICA disease and total neurological com-
plication rate (for ICA stenosis > 85%: OR-
1 1, 950/% CI of the OR: 01-10; for ICA
stenosis > 50%: OR = 0-77, 95%O CI of the
OR: 02-2 9). The neurological deficits were
transient in seven, reversible in six, and per-
manent in 13 (5 7%). Of the five patients who
suffered a major disabling stroke, the symp-
tomatic ICA was occluded in two, 70% sten-
osed in one and the other two showed 40% and
200o stenosis respectively. Although these
figures suggest an association between ICA
stenosis and post angiographic disabling
stroke, the numbers were small.

In another prospective study, Earnest et al
evaluated 637 cerebral angiograms for patients
with cerebrovascular disease and, although the
angiographic findings were not collected, 297
of these patients (47%) had a preangiographic
evaluation by oculopneumoplethysmography
and bidirectional Doppler sonography. A pres-
sure-significant lesion and/or abnormal flow
was present in the carotid circulation of54% of
these examinations (n = 160).9 Such an abnor-
mality was of no value in predicting an in-
creased risk for neurological complications in
this group but of course less than half the
patients were investigated and the degree of
ICA stenosis determined by these non-invasive
methods may have been imprecise.9 Several
retrospective studies have addressed the poten-
tial influence of ICA disease on the compli-

cation rate of cerebral angiography but, as
expected from the variable methodology of the
studies, the conclusions also vary.
Faught et al examined retrospectively the

records of 147 patients having cerebral
angiography to evaluate a thrombotic stroke or
TIA and found that neurological complications
occurred in 18 (12-2%), of which 10 were
transient (7%) and eight permanent (5-2%).19
Severe ICA stenosis (> 90%/) was present in
eight of the 18 patients with complications
(39%) compared with 15 of the 129 (12%) who
had no complications (Chi square with Yates
correction = 6-2, OR = 3-8, 95% CI = 1-3-
11, p = 0 03). It was not stated what propor-
tion of the complications in those with severe
ICA stenosis were transient or permanent.
Theodotou et al 8 reviewed the cerebral
angiograms of 159 patients who had carotid
endarterectomy. All 159 patients had at least
70%/ stenosis of one carotid artery and 16 had
bilateral ICA stenosis > 90%. Neurological
complications, all of which were transient,
occurred in five patients (3 1 %), three ofwhom
had unilateral ICA stenosis of > 90% and two
had bilateral ICA stenosis > 90%. The
prevalence of severe ICA stenosis (> 90%) in
the patients without complications was not
stated. Eisenberg et al studied the records of 85
patients with ICA stenosis > 90% and no
complications were recorded but the angio-
graphic complication rate of those with < 90%
ICA stenosis was not addressed.20

It is difficult to draw any reasonable con-
clusion from these data because of the variable
definitions and methodology between each
study and the small number of complications.
The only information that is common to these
studies which correlates the angiographic com-
plication rate with the angiographic findings
and is available for comparison is the total (not
just permanent, and including more than
strokes), neurological complication rate for
severe (85-95%//) ICA stenosis. (There are no
other data on the stroke rate for patients with
ICA stenosis > 50%, with which our findings
can be compared). The pooled estimate of the
odds ratio,2' 22 for any post-angiographic

Present study

Mclvor et a/ II

Faught et al 19

Typical odds ratio

0.01 0 1
Less complications
if stenosis > 90%

Odds ratio

10 100
More complications
if stenosis > 90%

Figure Overview of the total neurological complication
rate of cerebral angiography for patients with
symptomatic carotid ischaemia and ipsilateral internal
carotid artery diameter stenosis of approximately 90%.
Each study result is expressed as an odds ratio (vertical
central bar) and 950% confidence interval (horizontal
line). The risk ofpost-angiographic strokefor patients
with ICA stenosis > 5000 was not available in two
previous studies." "
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neurological complication is 2-2 (95% con-
fidence interval of the OR: 11-4 5) if the
angiogram shows severe stenosis (> approxi-
mately 900O) of the symptomatic ICA as com-
pared with milder degrees of ICA stenosis.
Although far from complete, this information
is sufficient to suggest that severe stenosis ofthe
symptomatic ICA is a potentially important
risk factor for post-angiographic stroke (fig).
Unfortunately, it is these patients who are
probably also at greatest risk of stroke as part of
the natural history of their disease23 and
therefore are those who may be in greatest need
for carotid surgery and therefore cerebral
angiography.
In this study 382 of the 615 patients (620%)

with symptomatic carotid territory ischaemia
were considered to be potentially suitable can-
didates for carotid endarterectomy on clinical
grounds. Carotid ultrasound facilities were not
available before screening and so all potential
candidates for carotid endarterectomy were
referred for cerebral angiography on clinical
grounds. However, after cerebral angiography
only 100 of the 382 patients (26%O) were
considered suitable for carotid endarterectomy
or randomisation into the European Carotid
Surgery Trial, (once the latter had started).
Therefore, to generate 100 carotid endarterec-
tomies, 382 patients had cerebral angiography
and eight post-angiographic strokes resulted,
of which five were permanently disabling. So,
before surgery started the complication rate
was 8O0 (8/100) for any stroke and 5% (5/100)
for permanent stroke. These figures must then
be added to the peri-operative complication
rate. Such an analysis highlights the im-
portance of accurately screening and selecting
patients for cerebral angiography by careful
clinical and ultrasonographic evaluation.
Otherwise, if the patient is not a suitable
candidate for carotid endarterectomy then
cerebral angiography will have been performed
unnecessarily, exposing the patient to an un-
necessary risk.

Radiological expertise and facilities were
fairly uniform throughout this study but the
access route to the arterial system varied be-
tween direct carotid puncture at the beginning
of the study and selective carotid catheterisa-
tion via the femoral route later in the study.
The catheter technique used was consistent
throughout with a USCI Simmons 3 (Side-
winder) catheter. This does not require guide
wire manipulation to catheterise the brachio-
cephalic vessels. This was the only catheter
required in the vast majority of patients. In
fact, only one patient developed a complication
following direct carotid puncture which was a
local asymptomatic carotid dissection (case 1,
table 2).
The risk of cerebral angiography naturally

varies from one medical institution to another,
in much the same way as it does for carotid
endarterectomy, mainly because of differences
in patient selection and radiological facilities
and expertise. The collective results from this
study and those previously published cannot
really be generalised to all medical centres but
only used as an approximate guide. All medical
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institutions performing cerebral angiography
for symptomatic carotid territory ischaemia
need to monitor their own results and com-
plications of cerebral angiography, in much the
same manner as for carotid endarterectomy, by
means of a formal but practical ongoing audit.'5

If carotid endarterectomy is shown to be
effective in the management of certain patients
with symptomatically mild carotid territory
ischaemia then optimal imaging of the carotid
circulation will be required with the lowest
possible risk and cost in a very large number of
patients. Conventional selective intra-arterial
cerebral angiography is the most accurate and
widely used modality at present, but IA-DSA
is gaining wider acceptance. Before proceeding
to cerebral angiography, patients considered
clinically to be potential surgical candidates
(that is, reversible symptomatic carotid
ischaemia perhaps) should undergo non-inva-
sive Duplex carotid ultrasound screening to
identify those patients with minimal or no
carotid disease who do not then require
cerebral angiography. This will reduce con-
siderably the absolute numbers of patients
having cerebral angiography (denominator)
but will probably only reduce marginally the
absolute number of post-angiographic com-
plications (numerator). As a result, the relative
(percentage) complication rate of cerebral
angiography (numerator/denominator) will
probably rise because angiography will only be
performed on those patients with "significant"
carotid disease, who are unfortunately also
those who appear to be at highest risk of post-
angiographic stroke.

In conclusion, for patients with symptomatic
carotid territory ischaemia who undergo cere-
bral angiography as a pre-operative investiga-
tion for carotid endarterectomy, the risk of
suffering a permanent disability due to stroke is
of the order of 1 00 .15 This figure will need to be
considered when balancing the benefits and
risks of adding surgical to medical therapy in
the management of symptomatic carotid terri-
tory ischaemia. Meanwhile, it would seem
logical to assume that the complications of
cerebral angiography can be reduced ifpatients
are selected carefully for this procedure. The
selection criteria include: physiologically
younger patients who are systemically well, not
uraemic, and neurologically stable who have
definite symptoms of carotid ischaemia, and
who on Duplex screening have a potentially
operable lesion at the symptomatic carotid
bifurcation. The risk of angiography will also
be reduced if arch and/or selective cerebral
angiography is performed by an experienced
neuroradiologist using a transfemoral approach
with small catheters, minimal quantities on
non-ionic contrast medium and as few catheter
exchanges as possible in the shortest time.

We thank Drs P Anslow and P Sheldon, radiologists, Radcliffe
Infirmary, Oxford, for their contribution to the cerebral
angiography of many of the patients in this study.
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