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ABSTRACT
Objective: To determine the neurological complication rates of cerebral angiography performed for inpatients
and explore the risk factors for neurological complications.
Patients and Methods: The medical records of all inpatients undergoing diagnostic head and neck carotid
and cerebral angiograms from July 2002 to April 2004 were reviewed. A neurological complication was defined
as any new neurological sign or symptom or any worsening of a pre-existing neurological deficit occurring
during or within 24 hours of an angiographic procedure.
Results: Patients’ medical records were reviewed for 203 of 208 procedures (97.6%). Of these, 155 procedures
(76.4%) were for the evaluation of an aneurysm or arteriovenous malformation. The overall and permanent
neurological complication rates were 3.4% (95% confidence interval, 1.4-7.0%) and 1.5% (95% confidence
interval, 0.3-4.3%), respectively. In the subgroup of procedures for patients with clinical indications of
aneurysm/arteriovenous malformation, the overall and permanent neurological complication rates were 3.2%
(95% confidence interval, 1.1-7.4%) and 1.9% (95% confidence interval, 0.4-5.5%), respectively. The neuro-
logical complications were significantly related to patient age (p < 0.05), medical history of lipid abnormalities
(p < 0.02), and duration of procedure (p < 0.02).
Conclusions: The overall neurological complication rate fell within the thresholds recommended for quality
improvement and safe practice guidelines.
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INTRODUCTION
Cerebral angiography is a critical diagnostic examin-
ation for evaluation of cerebral vascular diseases, in-
cluding intracranial aneurysms and arteriovenous
malformations (AVMs), although a variety of non-
invasive studies are available for imaging of the cerebral
arteries.1-3 Cerebral angiography, as an invasive proce-
dure, involves the injection of contrast medium into
a major cerebral vessel by direct puncture or catheter-
isation. Clinicians have expressed concerns about the
complications, particularly neurological complications,
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associated with cerebral angiography.4,5 Knowledge of
the complication rates and/or patient risk factors is
important to improve the examination procedure and
patient selection.

Previously reported rates of neurological complications
have ranged from 0.4% to 12.2% for combined per-
manent, reversible, and transient neurological compli-
cations, and from 0% to 5.4% for permanent neurological
complications.6-9 The published rates vary because of
institutional experience, workload differences, and pa-
tient selection factors. Based on the published rates
and consideration of these factors, professional groups
have set thresholds for the expected outcomes of
cerebral angiography to improve the quality and safety
of the procedure.10 The recommended thresholds for
overall and permanent neurological complications are
3.5% to 4.0% and 1.0%, respectively.11
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A study of outpatients undergoing cerebral angiogra-
phy in a large hospital in Sydney, Australia, reported
overall and permanent neurological complication rates
of 2.0% and 0.3%, respectively.12 However, the rates
for inpatients were unknown in this hospital. Inpatients
usually have more severe illness and more comorbidities
than outpatients and higher complication rates are
expected. The aim of this study was to determine the
rate of neurological complications associated with
cerebral angiography for hospital inpatients in routine
clinical practice at a tertiary referral hospital, and to
explore the factors related to neurological complications
associated with cerebral angiography.

PATIENTS AND METHODS
The medical records of all hospital inpatients under-
going diagnostic head and neck cerebral artery
angiograms from 1 July 2002 to 30 April 2004 were
identified from the Department of Radiology adminis-
trative database (RADNET). Exclusion criteria were
interventional angiograms performed with a diagnostic
procedure, angiograms to confirm brain death, and
venous procedures.

A neurological complication associated with cerebral
angiography was defined as any new neurological sign
or symptom or any worsening of a pre-existing neuro-
logical deficit that occurred during or within 24 hours
of the procedure.6,8,11,13 Neurological complications were
further classified as:6,8,11,13

• transient — an event that resolved within 24 hours of
the examination

• reversible — an event persisting for more than 24
hours but resolving within 7 days

• permanent — an event persisting for more than 7 days.

The medical records were reviewed by 3 researchers.
To minimise the possibility of a neurological deficit
being erroneously attributed to the cerebral angiography,
all identified deficits were categorised as ‘likely’ or ‘not
likely’ to be related to the angiography. The following
2 factors were considered during this process: crani-
otomy performed within 24 hours of cerebral angiogra-
phy and continued worsening of the presenting condition
or comorbidities, with a decrease in Glasgow Coma
Scale (GCS) score or increase in intracranial pressure
(ICP) starting before the procedure. All medical records
of patients in whom a new or worsening neurological
deficit was observed during or after the angiography
were reviewed a second time by a panel consisting of a
senior neurosurgeon and a senior radiologist. Only the

cases with neurological deficits that were determined
to be probably related to cerebral angiography were
numbered as procedural complications to determine the
neurological complication rates.

A data collection form was designed to enable the
researchers to record patient demographic information,
indications for cerebral angiography, medical history,
any new or worsening neurological signs and symptoms,
the timing and duration of signs and symptoms, any
computed tomography (CT) or magnetic resonance
imaging results before and after the cerebral angio-
graphy, and any neurosurgical procedure performed
before or after the procedure.

Descriptive analyses were undertaken using the
Statistical Package for the Social Sciences for Windows
12.0.1. The procedures were grouped into 3 categories
according to their clinical indications, as follows:
• procedures performed for the evaluation of aneurysm/

AVM
• procedures performed for the evaluation of a transient

ischaemic attack (TIA) or ischaemic stroke
• procedures performed for the evaluation of traumatic

injury, dissection of artery, or tumour.
The neurological complication rate was defined by
the ratio of the number of relevant adverse events to
the number of diagnostic procedures. Tabular analysis
and Fisher’s exact test were used to test statistical signifi-
cance. The relationships between the neurological com-
plication rate and age, sex, and medical history
(comorbidities) were examined.

RESULTS
The medical records for 203 of 208 diagnostic cerebral
angiograms were reviewed. The medical records of 5
patients could not be obtained during the study period.

The 203 diagnostic cerebral angiograms were performed
for 160 patients; 125 patients had 1 cerebral angiogram,
28 had 2, 6 had 3, and 1 had 4. 155 procedures (76.4%)
were performed for the evaluation of aneurysm/AVM,
including procedures performed for postoperative
evaluation of aneurysm clipping or AVM excision.
Twenty six procedures (12.8%) were conducted for the
evaluation of TIA or ischaemic stroke. The remaining
22 procedures (10.8%) were performed for the evalua-
tion of traumatic injury, arterial dissection, or tumour.

The average age of the patients was 54 years (range, 14
to 87 years). Of these, 46.8% of the procedures were
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performed for patients aged 55 years and older, and
46.3% were performed for men. Respectively, 40.4%,
16.3%, 15.3%, 10.8%, and 11.3% of the procedures were
performed for patients with a history of hypertension,
lipid abnormalities, cerebral vascular diseases, coronary
heart disease, and diabetes mellitus (Table 1).

Seven of 203 procedures were followed by neurological
deficits (transient, reversible, and permanent). The over-
all and permanent neurological complication rates were
3.4% (95% confidence interval [CI], 1.4-7.0%) and 1.5%
(95%CI, 0.3-4.3%), respectively. In the subgroup of pro-
cedures performed for aneurysm or AVM, the overall and
permanent neurological complication rates were 3.2%
(95%CI, 1.1-7.4%) and 1.9% (95%CI, 0.4-5.5%), respect-
ively (Table 2). A brief account of each patient with
permanent neurological complications is given below.

The overall neurological complication rate for proce-
dures performed for patients with a medical history of
lipid abnormalities (hypercholesterolaemia and/or
hyperlipidaemia) was 12.1%, which was significantly
higher than that for patients without a medical history
of lipid abnormalities (p < 0.02). Significantly higher
overall neurological complication rates were also found

for procedures performed for patients aged 55 years
or older (6 of 95; 6.3%) than for those for patients
younger than 55 years (1 of 108; 0.9%) [p < 0.05], and
for procedures lasting more than 1 hour (5 of 63; 7.9%)
than for those lasting 1 hour or less (1 of 133; 0.8%)
[p < 0.02; Table 3].

In the subgroup analysis of 155 procedures performed
for aneurysm and AVM, both medical history of lipid
abnormalities and duration of procedure were signifi-
cantly related to the neurological complication rates. A
higher permanent neurological complication rate was
found for procedures performed for patients with a medi-
cal history of lipid abnormalities (2 of 21; 9.5%) than
for those without lipid abnormalities (1 of 134; 0.7%)
[p < 0.05]. The overall neurological complication rate
was higher for procedures lasting more than 1 hour (4
of 55; 7.3%) than for those lasting 1 hour or less (0 of
95; 0%) [p < 0.02]. The overall neurological complica-
tion rate for procedures performed for patients aged
55 years or older was 5.7%, which was higher than
that of 1.2% for patients younger than 55 years, but
this was not statistically significant (Table 4). Higher
neurological complication rates were found for the pro-
cedures performed for patients with a medical history

Table 2. Neurological complications of diagnostic cerebral angiography.

Neurological Aneurysm or arteriovenous Transient ischaemic attack Others* (n = 22) Total (n = 203)
complications malformation (n = 155)  or ischaemic stroke (n = 26)

Number 95% Number 95% Number 95% Number 95%
of patients Confidence of patients Confidence of patients Confidence of patients Confidence

(%) interval (%) interval (%) interval (%) interval

Transient 1 (0.6) 0.0-3.5 2 (7.7) 0.9-25.1 0 (0.0) 0.0-15.4 3 (1.5) 0.3-4.3
Reversible 1 (0.6) 0.0-3.5 0 (0.0) 0.0-13.2 0 (0.0) 0.0-15.4 1 (0.5) 0.0-2.7
Permanent 3 (1.9) 0.4-5.5 0 (0.0) 0.0-13.2 0 (0.0) 0.0-15.4 3 (1.5) 0.3-4.3
Overall 5 (3.2) 1.1-7.4 2 (7.7) 0.9-25.1 0 (0.0) 0.0-15.4 7 (3.4) 1.4-7.0

* Others include trauma, arterial dissection, and tumours.

Table 1. Characteristics of hospital inpatients undergoing diagnostic cerebral angiography.

Number of patients (%)

Aneurysm or arteriovenous Transient ischaemic Others* (n = 22) Total (n = 203)
malformation (n = 155) attack or ischaemic

stroke (n = 26)

Age (years)
<55 85 (54.8) 8 (30.8) 15 (68.2) 108 (53.2)
≥55 70 (45.2) 18 (69.2) 7 (31.8) 95 (46.8)

Sex
Male 64 (41.3) 15 (57.7) 15 (68.2) 94 (46.3)
Female 91 (58.7) 11 (42.3) 7 (31.8) 109 (53.7)

Medical history
Hypertension 62 (40.0) 17 (65.4) 3 (13.6) 82 (40.4)
Lipid abnormalities 21 (13.5) 11 (42.3) 1 (4.5) 33 (16.3)
Cerebral vascular disease 19 (12.3) 10 (38.5) 2 (9.1) 31 (15.3)
Coronary disease 14 (9.0) 7 (26.9) 1 (4.5) 22 (10.8)
Diabetes mellitus 17 (11.0) 6 (23.1) 0 (0.0) 23 (11.3)

* Others include trauma, arterial dissection, and tumours.



Complications of Cerebral Angiography

12 J HK Coll Radiol. 2007;10:9-15

of cerebral vascular disease, but this was not statisti-
cally significant (Tables 3 and 4).

Patient 1
A 54-year-old man was transferred from a rural hospital
with collapse and diplopia of sudden onset. He had a
history of cerebral infarction. At examination, he had a
GCS score of 15 and no neurological deficit. CT prior to
cerebral angiography showed subarachnoid hemorrhage
(SAH) grade II.

An aneurysm was found in the right anterior communi-
cating cerebral artery. During the procedure, a filling
defect was seen within the left posterior cerebral artery,
which was normal in appearance at the beginning of
the procedure. This deficit was associated with reduced
distal flow in the distal branches of the artery. A few
minutes after cerebral angiography, the patient had
a GCS score of 12 and had developed an acute right

hemiparesis and dysphasia. CT performed after the
procedure showed a left posterior cerebral infarct. Clip-
ping of the aneurysm was performed a few hours after
cerebral angiography. The neurological deficits resolved
4 days after the procedure with some residual dysphasia
and cognitive impairment after 7 days.

Patient 2
A 64-year-old woman presented with 10 days post-
aneurysm clippings. Her clinical condition was stable
before cerebral angiography. At examination, her GCS
score was 15.

The patient was clinically stable during the right ICA
injection but the left ICA was not easily accessed. Then
the patient became drowsy with left-sided weakness.
At examination post-procedure, her GCS score had
decreased to 7 and she had left hemiparesis. Left
common carotid artery injection showed no significant

Table 3. Risk factors for neurological complications of diagnostic cerebral angiography.

Number of procedures Number of complications (%)

Permanent  neurological Overall neurological
complications complications

Age (years)
<55 108 1 (0.9) 1 (0.9)
≥55 95 2 (2.1) 6 (6.3)*

Sex
Male 94 1 (1.1) 3 (3.2)
Female 109 2 (1.8) 4 (3.7)

Procedure
Vessels studied

No vertebral artery 63 1 (1.6) 3 (4.8)
Vertebral artery injected 140 2 (1.4) 4 (2.9)

Number of vessels studied
1-3 120 3 (2.5) 4 (3.3)
≥4 83 0 (0.0) 3 (3.6)

Duration of procedure (hours)
≤1 133 0 (0.0) 1 (0.8)
>1 63 2 (3.2) 5 (7.9)†

Comorbidities
Hypertension

Present 82 1 (1.2) 5 (6.1)
Absent 121 2 (1.7) 2 (1.7)

Lipid abnormalities
Present 33 2 (6.1)* 4 (12.1)†

Absent 170 1 (0.6) 3 (1.8)
Cerebral vascular disease

Present 31 1 (3.2) 3 (9.7)‡

Absent 172 2 (1.2) 4 (2.3)
Coronary disease

Present 22 0 (0.0) 1 (4.5)
Absent 181 3 (1.7) 6 (3.3)

Diabetes mellitus
Present 23 0 (0.0) 1 (4.3)
Absent 180 3 (1.7) 6 (3.3)

* p < 0.05.
† p < 0.02.
‡ p = 0.08.
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vessel spasm and there was no vessel spasm in the right
ICA. CT immediately after the procedure showed some
mass effect caused by a 0.7-cm thick right crescentic
low-density collection over the right front temporal lobe.
The second cerebral angiography performed immediately
after CT showed a mild plaque formation at the poste-
rior margin of the right ICA just above its origin and a
filling defect in the right middle cerebral artery consist-
ent with an embolus. CT performed the next day showed
a large region of low density in the right posterior fron-
tal region, right parietal lobe, and part of the right tem-
poral lobe, which was compatible with an infarct in the
right MCA. The neurological deficits improved but per-
sisted 7 days after the procedure.

DISCUSSION
In this study, the overall and permanent neurological
complication rates were 3.4% and 1.5%, respectively.
The majority of the procedures (76.4%) were performed

for the evaluation of intracranial aneurysm or AVM. In
this group of procedures, the overall and permanent
neurological complication rates were 3.2% and 1.9%,
respectively. The overall neurological complication rates
fell within the thresholds recommended for quality im-
provement and safe practice guidelines, although the
permanent neurological complication rates were slightly
higher than the recommended rates.11

A study of the procedures performed for outpatients
reported lower overall and permanent neurological
rates of 2.0% and 0.3%, respectively.12 It is likely that
the inpatients in this study were more seriously ill with
more comorbidities than the outpatients. This assump-
tion is based on the current policy of patient selection
by the Department of Radiology, in that patients who
are less seriously ill and have fewer comorbidities
generally have procedures performed as outpatients,
while those with poorly controlled diabetes, uncontrolled

Table 4. Risk factors for neurological complications of diagnostic cerebral angiography performed on inpatients with clinical indications
of aneurysm or arteriovenous malformation.

Number of procedures Number of complications (%)

Permanent  neurological Overall neurological
complications complications

Age (years)
<55 85 1 (1.2) 1 (1.2)
≥55 70 2 (2.9) 4 (5.7)

Sex
Male 64 1 (1.6) 2 (3.1)
Female 91 2 (2.2) 3 (3.3)

Procedure
Vessels studied

No vertebral artery 30 1 (3.3) 1 (3.3)
Vertebral artery injected 125 2 (1.6) 4 (3.2)

Number of vessels studied
1-3 94 3 (3.2) 4 (4.3)
≥4 61 0 (0.0) 1 (1.6)

Duration of procedure (hours)
≤1 95 0 (0.0) 0 (0.0)
>1 55 2 (3.6) 4 (7.3)†

Comorbidities
Hypertension

Present 62 1 (1.6) 3 (4.8)
Absent 93 2 (2.2) 2 (2.2)

Lipid abnormalities
Present 21 2 (9.5)* 2 (9.5)
Absent 134 1 (0.7) 3 (2.2)

Cerebral vascular disease
Present 19 1 (5.3) 2 (10.5)
Absent 136 2 (1.5) 3 (2.2)

Coronary disease
Present 14 0 (0.0) 0 (0.0)
Absent 141 3 (2.1) 5 (3.5)

Diabetes mellitus
Present 17 0 (0.0) 1 (5.9)
Absent 138 3 (2.2) 4 (2.9)

* p < 0.05.
† p < 0.02.
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hypertension, significant renal insufficiency, cardiopul-
monary failure, or coagulopathy are admitted to the
hospital for their procedure.12

The fact that the majority of the procedures (76.4%) in
this study were performed for aneurysm and AVM ena-
bled examination of the neurological complication rates
in this group of the procedures. Further comparison of
the neurological complication rates among patients with
different clinical indications and comorbidities is
required. A meta-analysis by Cloft et al reported lower
rates of neurological complications associated with
cerebral angiography in patients with aneurysm/AVM
without SAH (0.3%) than in patients with TIA/stroke
(3.7%) [p = 0.001], and lower rates in patients with
aneurysm/AVM with SAH (0.8%) than in patients with
TIA/stroke (3.0%) [p = 0.001].14 However, due to the
lack of information about the patient selection and their
comorbidities in other studies, it is difficult to make a
comparison between the neurological complication rates
in the study reported here and other studies.

Nevertheless, attempts were made to explore the effects
of the comorbidity on the neurological complications
following cerebral angiography in this study. It was
found that a medical history of lipid abnormalities was
significantly related to higher neurological complication
rates associated with cerebral angiography (p < 0.02).
This has not been reported in previous studies, although
a history of cerebral vascular disease8 and, more specifi-
cally, a history of ischaemic stroke15,16 has been found to
be risk factors for the neurological complications associ-
ated with cerebral angiography. A history of cerebral
vascular disease and a history of hypertension were both
found to be related to higher neurological complication
rates in this study, but statistical significance was not
found.

Other risk factors reported by previous studies included
age8,15,16 and long duration of fluoroscopic exposure.8 In
this study, higher neurological complication rates were
found for procedures performed for patients aged 55
years or older than for those performed for patients
younger than 55 years (p < 0.05). Procedures lasting for
more than 1 hour related to higher neurological compli-
cation rates than those lasting 1 hour or less (p < 0.02).

In the subgroup analysis of procedures for aneurysm/
AVM (n = 155), duration of the procedure was signifi-
cantly associated with neurological complication rates
(p < 0.02). A history of lipid abnormalities was found to

be significantly related to higher permanent neurologi-
cal complication rates (p < 0.05). Higher neurological
complication rates were found for procedures performed
for patients aged 55 years or older, and for those with a
history of cerebral vascular disease or hypertension, but
these were not statistically significant.

The results of this study may provide useful baseline
data for the prospective monitoring of neuroangiography
performed for hospital inpatients, and for service evalu-
ation. Although CT angiogram has been used as a
routine investigation for high-risk groups, cerebral an-
giography is still undertaken for specific clinical reasons,
as determined by the neurosurgeons. Hence, a good
knowledge of the risk factors associated with cerebral
angiography may assist clinical decision-making and
closer observation of patients at high risk for compli-
cations. Awareness of local complication rates of cere-
bral angiography is important for clinicians when
weighing the risks and benefits of the various diagnos-
tic strategies available.
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