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ABSTRACT
This study was carried out to determine the risk of new ischemic events, demonstrated by diﬀusion weighted magnetic resonance
imaging (DW-MRI) in patients undergoing diagnostic conventional cerebral angiogram. MEDLINE, EMBASE, Current Contents,
Cochrane Central, Expert Files, and bibliographies of included articles were systematically searched to identify prospective studies
that reported MRI ﬁndings after diagnostic angiogram. Eligibility criteria included the following elements: manuscripts published
between 1999 and 2019; prospective design; only diagnostic angiogram imaging performed prior to the MRI; DW-MRI done before
and after the angiogram procedure; and number of new diﬀusion weighted lesions documented after each procedure. Six studies
met the eligibility criteria. The total number of diagnostic angiograms reported was 430. DWI lesions were associated with diagnostic
angiograms in 106 (24.65%) of total procedures. Mean time ﬂuoroscopy, procedure by resident operator, and vascular risk factors
were the recognised independent risk factors for silent cerebral ischemia after diagnostic angiogram.
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INTRODUCTION
Stroke remains one of the ﬁve most common non-communicable
diseases, as well as one of the leading causes of death
worldwide.1 It is also the leading cause of long term disability in
adults. As the population is ageing, the overall incidence of
stroke is on the rise. Additionally, the progressive improvement
in the economy of the most populated countries of the world,
China and India, would deﬁnitely enhance their access to
unhealthy Western diet. It is predicted, therefore, that the stroke
incidence in the world will further increase in the coming years.2

Surgical interventions, such as carotid endarterectomy and
aneurysm clipping have been for many decades, the sole treat3,4
ment modality for most cerebrovascular disorders. However,
the last two decades have witnessed the introduction of endovascular procedure (EP), which is much less invasive treatment.
This technique has been gradually replacing invasive surgical
interventions, and is rapidly becoming the standard of care. The
diagnostic conventional angiogram (DCA) has been considered, for many decades, the gold standard technique for evaluation of various cerebrovascular diseases.
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However, in the last two decades less invasive and sensitive
imaging tools such as CT angiogram (CTA) and magnetic resonance angiogram (MRA) have been developed.5
For example, recent studies suggest high sensitivity and
speciﬁcity for CTA in identifying intracranial aneurysms,
approaching 95% and 100% respectively, when compared to
the DCA (Figures 1 and 2).6 Yet DCA remains over-utilised,
supported by the reported low rate of peri-procedural complications of only <1%.7 The current understanding of the risks associated with DCA and EP is based on ascertainment of clinical
complications. Diﬀusion weighted (DW) MRI has emerged, in
the last two decades, as an extremely sensitive tool for
detecting acute ischemic lesions which uncommonly cannot be
asymptomatic.8,9 DW MRI provides image contrast that is dependent on Brownian motion of water molecules, which may be
altered by various neurological diseases. In acute ischemic
stroke there is immediate energy depletion that leads to disruption of the neuronal cell membrane and ATP dependent sodium
and potassium pump. This is accompanied by restriction in the
motion of water molecules across the cell membrane. An
abnormal signal in the DW MRI is indicative of irreversible
neuronal damage and appears as abnormal hyper-intensity,
occurring within half hour from the onset of acute ischemic
stroke.
DW MRI has been exceedingly utilised both clinically and in
stroke trials as the gold standard to detect new ischemic stroke
lesions. Moreover, it has been shown as an ideal tool for quantifying ischemic injury related to EP.10 Since the introduction of
this novel modality, numerous studies have been performed to
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evaluate the incidence of new ischemic lesions, as detected by
the DW MRI, in patients undergoing EP for various therapeutic
purposes, including carotid artery stent, aneurysm coiling, and
AVM embolisation.11,12

studies, appears high; and frequently, the DWI abnormality
does not even correspond to any obvious clinical symptoms or
deﬁcits. However, all of these studies were single-centre with
relatively small sample size. Therefore, this systematic review
was conducted to determine the risk of new ischemic lesions as
evident on DW MRI, in patients undergoing DCA for various cerebrovascular purposes.

METHODOLOGY

Figure 1: CT angiogram demonstrating left middle cerebral artery
stenosis.

Figure 2: MR angiogram demonstrating left middle cerebral artery
stenosis.

Two academic neurologists searched the MEDLINE, EMBASE,
Current Contents, Cochrane Central, Expert Files, and bibliographies of included articles to identify prospective studies that
reported DW MRI ﬁndings after DCA. Key words for the search
were a combination of stroke, ischemic event, angiogram, MRI,
endovascular procedure, diﬀusion weighted MRI, and diagnostic
angiogram. The search terms used in MEDLINE was: stroke,
ischemic event, cerebral angiogram, and diﬀusion-weighted
MRI. Five hundred and sixty studies were identiﬁed from all
enlisted sources with no publication time limit. After ﬁltering for
duplicates, 30 articles were chosen for review. Two authors independently assessed all studies for eligibility, and ﬁnally six
eligible studies were included in the systematic review. The
PRISMA ﬂow diagram for the search strategy is given in Figure 3.
Manuscripts written in English and published between 1999 and
2019, with prospective study design, where only DCA was carried
out prior to the DWI MRI and pre-and post-procedure DW MRI
(within one week prior to and after procedure) were included. The
number of new ischemic lesions on DW MRI were documented
after each procedure. Stroke with clinical manifestation within
one week after the procedure was documented. Case studies,
letters, editorials, and review articles were excluded. Data
extracted from each manuscript included year of publication,
number of endovascular procedures, purpose of procedure,
number of new DW MRI lesions per each procedure, and incidence of clinically symptomatic new ischemic stroke after each
procedure.
Results of all the included pooled studies were to estimate the
rate of new ischemic lesions on DW MRI per 100 diagnostic angiogram procedures. Microsoft Excel 2013 was used for the statistical analysis in this review. Only qualitative statistics of the
studies, such as number of participants, and number of DW MRI
lesions were tabulated and presented. There was a considerable
degree of heterogeneity among the studies, which prevented
from making any quantitative synthesis in the form of meta-analysis. For the same reason, odds ratio, or pooled hazard ratios
could not be used to create forest plots or subgroup analysis.
Signiﬁcance levels were presented, correspond to a p-value
≤0.05 as signiﬁcant and denote the results obtained within each
independent study only.

RESULTS

Figure 3: Prisma ﬂow diagram.

Several studies have also assessed the rate of new ischemic
lesions by DW MRI in patients undergoing DCA. The rate of new
ischemic lesions, based on the separate results of each of these

13-18

A total of six studies met the eligibility criteria. Total number of
diagnostic angiograms reported were 430. New DW MRI lesions
were detected after 106 of the angiogram procedures (24.65%).
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Table I: Characteristics of studies that met inclusion criteria.
Name
Year

Number of patients

DWI lesions

Percentage

Gossetti 18

2007

100

24

24.0%

Bendszus 17

1999

66

23

34.8%

Masayuki 16

2013

174

41

23.6%

Kato 14

2003

50

13

26.0%

Britt 13

2000

20

2

10.0%

Chuah 15

2004

20

3

15.0%

DWI: Diﬀusion-weighted imaging.

Around 11-17% of the procedures were associated with >1
new DW MRI lesions. The rate of new ischemic lesions
among the included studies ranged from 10% to 34.8%.
However, the incidence of new ischemic lesions increased
proportional to the number of performed procedures (Table
I). Factors identiﬁed to increase the risk for new DW MRI
lesions after DCA included: ﬂuoroscopy time of more than 17
minutes (OR 9.4, 95% CI 1.8 to 48.6, p=0.0078); utilising
more contrast medium (149 vs. 110 ml, p <0.01); history of
vascular risk factors (44% vs. 13%, p =0.03); additional
catheters employed; vessels diﬃcult to navigate; and procedures performed by resident operator (OR 2.526, 95% CI
1.214-5.254).

DISCUSSION
DCA continues to be frequently utilised in clinical medicine
despite the advent and merit of less invasive procedures such
as CT angiogram and MR angiography.6 However, the safety of
angiogram is based on studies that rely on clinical symptoms
and deﬁcits as a measure of ischemic complications.7,19 DW MRI
has emerged, in the last two decades, as the most sensitive
tool for identifying acute ischemic lesions. Many of the DW MRI
lesions, however, are clinically silent. 20 However, there is
ample evidence to suggest abnormal cognitive functions when
a detailed neurocognitive assessment is exercised on these
18
patients with silent DW lesions.
DW MRI has been established as the gold standard tool for
identifying new ischemic stroke. Hence, the safety of EP and
DCA based on only clinical ascertainment of deﬁcits is unreliable. DW MRI must be employed when assessing the safety of
EP and DCA. Several studies based on single-centre design
reported frequent rate of DWI lesions after EP.15-17
This systematic review, which included 430 diagnostic angiogram procedures, conﬁrmed a high rate of new ischemic
stroke after the procedure, approaching 24.65%. Moreover,
the majority of the DW MRI abnormalities did not correspond
to any clinical neurological symptoms or deﬁcit. Mean time
ﬂuoroscopy was independently associated with increased risk
for new ischemic lesion on MRI. Hence, angiogram operators
must be vigilant in minimising ﬂuoroscopy time. Interestingly,
angiogram performed by residents in training was associated
with increased risk for new DW MRI lesions. This can be probably attributed to increased procedure time and increased
probing when the procedure is performed by inexperienced
operator. This calls for a more careful and vigilant supervision
316

by the instructor. It also calls for more utilisation of simulation-based angiogram training before allowing the residents to
perform angiograms on real patients. Patients with multiple
vascular risk factors were also found to be at increased risk of
new ischemic lesions arising from diagnostic DCA. This can be
explained by the increased prevalence of atherosclerotic
plaques in this patient population.
The low number of procedures in two of the included
studies,13,15 is a major limitation of this review. However, the
high rate of DW MRI lesions in these two studies is consistent
with the results of the other studies with much larger sample
size.
DCA continues to be frequently and unjustiﬁably employed
despite the high sensitivity and speciﬁcity of non-invasive
procedures such as CT angiogram approaching in some
instances 95% and 100%, respectively.6 The postulated mechanisms responsible for the new ischemic lesions after the
procedure, include the release of atherosclerotic plaque
through manipulation of catheter at the proximal large arteries
such as the aorta and brachiocephalic artery; spontaneous
thrombus formation at the catheter; and thrombus formation
triggered by injury of the endothelium of the large arteries.
The alarming results of this systematic review must warn clinicians against the lenient and hasty use of DCA, unless deemed
absolutely necessary. Instead, non-invasive procedures must
be encouraged for diagnostic purposes; especially now that
the reliability of non-invasive procedures, in terms of sensitivity and speciﬁcity, is rapidly, steadily, and progressively
improving. Hence, it is expected that the quality of data generated from these procedures will match or even supersede the
quality generated by the conventional angiogram. The results
of this study should not preclude physicians from using DCA;
but it should alarm them of the frequent rate of stroke complications, associated with the procedure, so that it is utilised
only when deemed necessary.

CONCLUSION
DCA have been utilised for the diagnosis of many cerebrovascular conditions. While it has been typically associated with a
low rate of clinical complications. We report a signiﬁcantly high
rate of 24.65% for new ischemic lesions, detected on DW MRI
after DCA. Although most of the new lesions were found
asymptomatic, complete neurological assessment would likely
reveal neurocognitive abnormalities, which can be clinically
signiﬁcant. Care must be exercised in advising DCA. Unless
absolutely necessary, alternative procedures such as CT
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angiography and MR angiography should be resorted to. For
patients undergoing DCA, mean time ﬂuoroscopy should be
minimised; vigilant resident supervision should be encouraged;
and special care must be taken in patients with pre-existing
vascular disorders.
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