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The Influence of Carotid Artery Catheterization
Technique on the Incidence of Thromboembolism
during Carotid Artery Stenting
BACKGROUND AND PURPOSE: Thromboembolic events related to CAS continue to be the main

limitation to the widespread use of this technique as a first-line treatment for carotid occlusive disease.
Our aim was to evaluate thromboembolism during CAS using DWI for catheterization techniques of
the carotid artery.
MATERIALS AND METHODS: Thirty-two consecutive patients with symptomatic carotid stenosis underwent CAS involving 1 of 2 carotid artery catheterization techniques: One used a 7F or 8F catheter
(group 1, n ⫽ 16) and the other used a coaxial system in which a 7F or 8F catheter was used in
conjunction with a 4F or 5F catheter (group 2, n ⫽ 16). DWI was performed before and after CAS.
Clinical variables, the number and location of NES on DWI after CAS, were compared between the 2
groups.
RESULTS: NES on DWI occurred in 53% of all patients. The incidence of NES was significantly higher
in patients 65 years of age and older versus those younger than 65 years of age (P ⫽ .013). All NESs
were asymptomatic, and their rate of occurrence did not differ significantly between groups 1 and 2.
The incidence of NES in the other territories that were outside that of the treated carotid artery (P ⫽
.004) and the incidence of multiple NESs (P ⫽ .04) were significantly higher in group 1.
CONCLUSIONS: NES in the other territories mainly arises from the atherosclerotic aortic arch and arch
vessels during the manipulation of endoluminal devices. The carotid artery catheterization technique
using the coaxial system with a 7F or 8F catheter in conjunction with a 4F or 5F catheter reduced the
incidence of NES in the other territories.
ABBREVIATIONS: ACA ⫽ anterior cerebral artery; ACT ⫽ activated clotting time; CAS ⫽ carotid
artery stenting; CCA ⫽ common carotid artery; CEA ⫽ carotid endarterectomy; DWI ⫽ diffusionweighted imaging; ICA ⫽ internal carotid artery; NES ⫽ new embolic signal

A

lthough CAS is increasingly used to treat extracranial carotid stenosis due to its less invasive nature, it has not been
shown to be safer and more effective than CEA.1-4 Thromboembolic events related to CAS continue to be the main limitation in the widespread use of this technique as a first-line treatment for extracranial carotid occlusive disease. Cerebral
protection devices have, therefore, been used to limit cerebral
embolism in patients undergoing CAS.
New ischemic lesions after invasive cerebrovascular procedures are often seen on DWI. Although they may not be
clinically overt, these lesions represent the overall thromboembolic risk of these procedures. DWI used to evaluate
procedure-related embolic events in patients undergoing
CAS has shown that NES can occur in the vascular territory
of the treated artery as well as in the other territories that are
outside the territory of the treated artery.5-12 Cerebral protection devices have been shown to reduce the number of

NES in the territory of the treated artery but have no effect
on lesions in the other territories.10 These results indicate
that the main determinant of thromboembolic events in
CAS may be the individual patient’s underlying diffuse
atheromatosis or embolization resulting mainly from manipulation of the catheter, wire, or sheath in the aortic arch
and arch vessels. Great care is, therefore, needed, especially
during the initial phase of the procedure before filter placement and the CAS procedure itself. In this phase, several
catheterization techniques are used for carotid artery access, depending on the arch extension and tortuosity of
arch vessels, with different combinations of catheters and
guidewires or different exchange maneuvers.13,14
Using DWI before and after CAS, we evaluated thromboembolism during CAS according to the carotid artery catheterization technique.
Materials and Methods
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Patients
Of the 43 patients who underwent CAS from January 2007 to December 2008, we chose 32 consecutive symptomatic patients with ⬎50%
atherosclerotic stenosis. Patients were excluded for the following reasons: 1) They were asymptomatic, 2) did not undergo pre- or postprocedural DWI, 3) had new ischemic symptoms between preprocedural DWI and the procedure, 4) underwent CAS in hyperacute
thrombolysis, or 5) had an exchange maneuver in introducing a guiding catheter into the targeted CCA due to tortuosity or elongation of

the aortic arch and acute angulation of the brachiocephalic artery or
left CCA from the aortic arch. All patients gave written informed
consent for the procedure. Patients were clinically evaluated by independent neurologists and neurosurgeons before and immediately after the procedure, at discharge, and at regular follow-up intervals of
1–3 months. Our institutional review board approved this retrospective study.

MR Imaging

CAS Procedure
This was not a prospectively designed study; rather, it was based on
collected data in the daily practical field. CAS was performed by direct
selection of the brachiocephalic artery and left CCA by using a 7F or
8F guiding catheter (Envoy; Cordis, Miami Lakes, Florida), primarily
during 2007. Using this method, we found a ⬎60% incidence of NES
on postprocedural DWI. Because the literature has revealed that a
smaller catheter with a properly angulated tip (ie, Headhunter diagnostic catheter; Cook, Bloomington, Indiana) is less traumatic,15-18
we changed the method of introducing the guiding catheter to reduce
the incidence of NES on postprocedural DWI. Using this method, we
introduced a 90-cm-long 7F or 8F guiding catheter into the femoral
sheath with a 120-cm-long 4F or 5F diagnostic catheter coaxially and
crossed the aortic arch, selected the arch vessels, and positioned it at
the targeted region of the CCA with a diagnostic catheter ahead of the
guiding catheter (Fig 1). We removed the diagnostic catheter after
appropriate positioning of the guiding catheter proximal to the stenotic lesion. This maneuver is also a commonly used carotid artery
catheterization technique in CAS.13,14 This change resulted in a
meaningful reduction in NES on DWI after CAS. This study, therefore, includes 2 nonrandomized groups of patients that differed according to the carotid artery catheterization technique: One had a 7F
or 8F catheter manipulated over a 0.035-inch guidewire (group 1) and
the other had a coaxial system in which a 7F or 8F catheter was used in
conjunction with a 4F or 5F catheter (group 2).

Fig 1. Carotid artery catheterization technique by using a coaxial system. Roadmap image
shows a 0.035-inch guidewire inserted into the facial artery (black arrow), following a 5F
headhunter catheter in the right CCA (white arrow) and an 8F guiding catheter crossing the
aortic arch (arrowhead).

Other procedural steps were the same in both groups. All patients
were premedicated with daily doses of 100-mg aspirin and 75-mg
clopidogrel for at least 3 days before the procedure. Following the
procedure, patients were continued on 100-mg/day aspirin indefinitely and 75-mg/day clopidogrel for at least 3 months. Therapeutic
procedures were performed during a second angiographic session.
The patients were fully awake during the procedures, and electrocardiography, arterial oxygen saturation, and blood pressure parameters
were appropriately monitored. Percutaneous access was obtained via
the right femoral artery, and a 7F-9F sheath was inserted. Baseline
ACT was obtained before the procedure. The patients received a bolus
injection of 3000- to 5000-IU heparin just before the start of the
therapeutic procedure, with a boost of 1000-IU heparin administered
every hour to provide an ACT ⬎250 seconds or twice the baseline
ACT during the procedure. A 7F-8F guiding catheter was positioned
proximal to the stenotic lesion in the CCA by 1 of 2 carotid artery
catheterization techniques. The length and stenotic rate of the stenotic segment were calculated manually, as well as automatically, on
the basis of digital subtraction angiography according to the North
American Symptomatic Carotid Endarterectomy Trial criteria.19
In all patients, the stenosis was initially crossed by a 0.014-inch
guidewire, and in some patients, a filter-type protection device was
deployed in the cervical portion of the ICA. The cost of this protection
device is not covered by health insurance in our country and must be
paid for by the patient. We inform all patients of the existence, effect,
and cost of the protection device before CAS and use it only in patients who agree to these conditions. If the stenotic segment was ⬍2
mm in diameter, it was predilated with a 3-mm-diameter angioplasty
balloon. A self-expandable stent delivery catheter was then advanced
over the immobilized guidewire or filterwire. After stent deployment,
postdilation was performed by using a 5- or 6-mm-diameter angioplasty balloon if residual stenosis was ⬎30%. The protection device
was removed. Angiograms of the carotid bifurcation and the intracranial circulation were obtained to demonstrate the reconstruction of
the carotid lumen and to exclude macroembolic complications.
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Our routine MR imaging protocol includes preprocedural and postprocedural evaluations in patients undergoing CAS for atherosclerotic stenosis. At admission, patients underwent MR imaging with a
preprocedural protocol and were scheduled for diagnostic cerebral
angiography and subsequent CAS. MR imaging was performed by
using a 1.5T whole-body-system imager (Intera; Philips Healthcare,
Best, the Netherlands). Our preprocedural MR imaging protocol
included DWI, a fluid-attenuated inversion recovery sequence, a
gradient-echo sequence, 3D time-of-flight MR angiography, and
contrast-enhanced MR angiography or MR perfusion imaging. Our
postprocedural MR imaging protocol included DWI within 3 days
after the procedure. DWI was performed by using a single-shot echoplanar imaging sequence with sensitivity encoding and a parallelimaging scheme. All images were reviewed by 2 experienced neuroradiologists (H.J.K and P.S.Y.).
New diffusion-prolonged foci on postprocedural DWI not seen
on preprocedural DWI were considered procedure-related embolic
signals. The embolic signals were described by their number (single
and multiple) and location (the territory of the treated artery and the
other territories). We defined the “territory of the treated artery” as
the area supplied by the angiographically treated carotid artery—that
is, if the contralateral ACA territory was predominantly demonstrated
on the angiogram of treated carotid artery, the ACA territory was
considered as the territory of treated artery. Areas that were outside of
this distribution were defined as the “other territories.”

Table 1: Clinical and procedural variables in the 2 patient groups

Male/female (No.)
Age, mean (SD) (yr)
Vascular risk factors (No.)
Hypertension
Diabetes
Ischemic heart disease
Hyperlipidemia
Peripheral vascular disease
History of stroke
Smoker (current and ex-)
Alcohol
Procedure (No.)
Protection device

Group 1
(n ⫽ 16)a
11/5
66 (8.1)

Group 2
(n ⫽ 16)b
10/6
64 (5.5)

P
Value
.78
.31

15
9
4
5
2
6
8
5

12
4
4
8
0
4
7
7

.38
.14
1.00
.38
.56
.56
.78
.56

3

10

.04

Table 2: Numbers and locations of NES on DWI after CAS in the 2
patient groups

NES (No.) (%)
No/yes
Single/multiple
NES location (No.)
Target territoryc
Other territoriesd
Bothe

Group 1
(n ⫽ 16)a

Group 2
(n ⫽ 16)b

P
Value

6 (38%)/10 (62%)
0 (0%)/10 (62%)

9 (56%)/7 (44%)
3 (19%)/4 (25%)

.72
.04
.004

3
1
6

7
0
0

a

In this group, we catheterized the carotid artery with a 7F or 8F catheter manipulated over
a 0.035-inch guidewire.
In this group, we catheterized the carotid artery with a coaxial system in which a 7F or
8F catheter was used in conjunction with a 4F or 5F catheter.
c
Territory of the treated carotid artery.
d
Territories are outside the territory of the treated carotid artery.
e
Target territory and the other territories.
b

a

In this group, we catheterized the carotid artery with a 7F or 8F catheter manipulated over
a 0.035-inch guidewire.
b
In this group, we catheterized the carotid artery using a coaxial system in which a 7F or
8F catheter was used in conjunction with a 4F or 5F catheter.

Statistical Analysis
All data were analyzed on an intention-to-treat basis with the Statistical Package for the Social Sciences, Version 12.0 (SPSS, Chicago,
Illinois). We used the Mann-Whitney U test to compare continuous
variables and the 2 test or Fisher exact test to compare categoric
variables between groups. The between-group differences in the
number and location of NES on postprocedural DWI were compared
by using the Fisher exact test. P ⬍ .05 was considered statistically
significant.

Results
The clinical characteristics of the patients in the 2 groups are
summarized in Table 1. There were 16 patients in each group:
11 men and 5 women (mean age, 66 years; range, 48 – 81 years)
in group 1; and 10 men and 6 women (mean age, 64 years;
range, 51–73 years) in group 2. Of these 32 patients, 23 presented with stroke and 9, with transient ischemic attack. There
were no significant between-group differences in sex, age, and
vascular risk factor profiles (Table 1). The mean time interval
between symptom onset and diagnostic cerebral angiography
was 14.5 days in group 1 and 18.3 days in group 2; the mean
time interval between symptom onset and CAS was 17.2 and
23.7 days, respectively; the mean time interval between diagnostic cerebral angiography and CAS was 2.7 and 5.4 days,
respectively; the mean time interval between preprocedural
DWI and CAS was 13.3 and 16.3 days, respectively; and the
mean time interval between CAS and postprocedural DWI
was 1.6 and 1.1 days, respectively. The use of protection devices was significantly higher in the group 1 versus group 2
(Table 1).
The incidence of NES was significantly higher in patients
65 years of age and older (range, 65– 81 years) than in patients
younger than 65 years of age (range, 48 – 64 years) (P ⫽ .013).
The number and location of NES after CAS in the 2 groups
are shown in Table 2. The rate of occurrence of NES did not
differ significantly between these 2 groups (P ⫽ .72), but the
incidence of multiple NES was significantly higher in group 1
(P ⫽ .04) as was the incidence of NES in the other territories
(P ⫽ .004) (Fig 2). In both groups, there were no differences in
the rate of occurrence of NES relative to the use of protection
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devices. In patients with NES, there were no correlated clinical
variables between the 2 groups (Table 3).
Postprocedural neurologic examinations showed no
changes in the clinical conditions of all patients.
Discussion
We assessed whether patients undergoing CAS with 2 different
carotid artery catheterization techniques have differences in
thromboembolic events. We found that the carotid artery
catheterized by using a coaxial system in which a 7F or 8F
catheter was used in conjunction with a 4F or 5F catheter
resulted in a reduced rate of thromboembolic events in the
other territories that are outside the territory of the treated
artery during manipulation in the aortic arch and arch vessels.
NES on DWI after CAS has appeared in the other territories
as well as the territory of the treated artery.5-12 NES in the other
territories may be due to emboli from the treated lesion reaching the contralateral hemisphere through the intracranial
compensation supply. However, the use of a protection device
did not reduce the incidence of NES in the other territories,10
and NES in the other territories has not been reported after
CEA.8 These findings indicate that maneuvers in the aortic
arch and arch vessels during CAS play an important role in the
occurrence of NES in the other territories. Our findings also
indicate that the use of less traumatic navigation methods and
endoluminal devices reduces the occurrence of NES in the
other territories.
The carotid artery catheterization technique with a coaxial
system in which a 7F or 8F catheter was used in conjunction
with a 4F or 5F catheter is commonly used in patients in whom
difficulties in positioning the guiding catheter are expected
due to tortuous or elongated aortas or acute angulation of the
arch vessels.13,14,20 This method simplifies the selection of the
arch vessels and makes it easier to navigate the guiding catheter by providing more stable support. We aimed to evaluate
whether these advantages affect the rate of thromboembolic
events originating from the aorta or arteries proximal to the
treated lesion. These thromboembolic events were not overcome by protection devices and remain a problem in patients
undergoing CAS. We found that, overall, 53% of patients had
new DWI lesions, similar to the rates of 22%–54% reported
previously.5-12 The incidence of NES was higher in the group 1
carotid artery catheterization technique using a 7F or 8F catheter manipulated over a 0.035-inch guidewire (62%) than in

Fig 2. An 81-year-old man presented with transient right arm and leg weakness. A, Digital subtraction angiography shows severe stenosis of the left proximal ICA. CAS of this lesion was
performed by the carotid artery catheterization technique with a 7F or 8F catheter manipulated over a 0.035-inch guidewire. B and C, DWI obtained at 1 day before CAS shows no abnormal
signal intensity. D and E, DWI obtained at 1 day after CAS shows 2 small NES in the right occipital lobe and left temporal lobe.

Table 3: Clinical and procedural variables in patients with NES

Male/female (No.)
Age, mean (SD) (yr)
Vascular risk factors (No.)
Hypertension
Diabetes
Ischemic heart disease
Hyperlipidemia
Peripheral vascular disease
History of stroke
Smoker (current and ex-)
Alcohol
Procedure (No.)
Protection device

Group 1
(n ⫽ 10)a
7/3
67 (6.9)

Group 2
(n ⫽ 7)b
4/3
67 (4.2)

P
Value
.64
.89

9
6
3
2
2
3
4
3

4
1
0
6
6
2
3
3

.25
.13
.23
.15
.49
1.00
1.00
.64

2

5

.06

a

In this group, we catheterized the carotid artery using a 7F or 8F catheter manipulated
over a 0.035-inch guidewire.
b
In this group, we catheterized the carotid artery using a coaxial system in which a 7F or
8F catheter was used in conjunction with a 4F or 5F catheter.

group 2 using the carotid artery catheterization technique with
a coaxial system in which a 7F or 8 F catheter was used in
conjunction with a 4F or 5F catheter (44%), though the difference was not statistically significant.
Although significantly fewer protection devices were used
in patients in group 1 versus group 2, the number of patients
with NES in the territory of the treated artery (9 in group 1
versus 7 in group 2) and the other territories (7 in group 1
versus 0 in group 2) indicates the importance of careful ma-

nipulation of the devices in the aortic arch and proximal arch
vessels before protection-device placement and the CAS procedure itself. DWI after diagnostic and interventional cerebral
angiography has shown that the rate of NES ranges from 15%
to 23%.21-24 The high incidence of NES after diagnostic cerebral angiography by using a 4F or 5F catheter was related to the
lack of systemic heparinization. Treatment with heparin or air
filters resulted in an independent reduction of NES in patients
undergoing diagnostic cerebral angiography from 22% to
6%.25 Thus, the catheterization technique with small and
more affordably shaped catheters with adequate systemic heparinization and protection devices may reduce the incidence
of thromboembolic events during CAS.
In agreement with previous findings,12 we found that increased age was the only significant risk factor for the occurrence of new DWI lesions. This may be due to a higher proportion of patients with widespread atherosclerosis.12
Most periprocedural NES on DWI do not cause obvious
neurologic deficits. The clinical meaning of this silent cerebral
ischemia is not fully understood. Several studies have specifically addressed the association between silent NES on DWI
and neuropsychological deficits, with differing results.26-28
For example, NES after coronary angiography was associated
with a decline in neuropsychological test performance.26 In
contrast, this association was not observed after cardiac surgery.28 Although these differences may be due to small patient
samples, the researchers suggested that NES may have a pathophysiologic role in cognitive decline in a subgroup of patients,
AJNR Am J Neuroradiol 31:1732–36 兩 Oct 2010 兩 www.ajnr.org
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warranting further investigation in larger populations. Although few patients who experience NES after CAS have clinically overt NES, DWI shows the overall lesion load induced by
CAS. Reducing NES may, therefore, improve the outcome of
patients undergoing CAS by reducing the incidence of symptomatic thromboembolic complications.
Our study has some limitations due to its retrospective design without randomization. To avoid bias, we selected consecutive patients who had undergone CAS since 2007, when
the pre- and post-MR imaging protocol was applied strictly to
patients planning CAS. Our institution already had a 6-year
experience of CAS performed by experts in the departments of
neurointervention, neurology, and neurosurgery; hence, the
difference in physician experience between patients in group 1
(mainly in 2007) and in group 2 (mainly in 2008) should have
had little effect on the results of this study. This retrospective
study still retained a problem of the influence of diagnostic
cerebral angiography performed before CAS on NES seen after
CAS. However, this was the same situation in both groups, and
we excluded patients with new ischemic symptoms between
preprocedural DWI and the procedure and those with an exchange maneuver for carotid artery catheterization due to
complicated angioarchitecture. It is difficult to expect any different significant effects on the results of NES between the 2
groups caused by diagnostic cerebral angiographies that were
performed by the same neurointerventionalist in similar
populations. Significant differences in the number of patients
with protection devices between the 2 groups is also a main
limitation of our study. Therefore, we could not interpret the
results of NES in the territory of the treated artery, even
though statistics showed a significance of those results. We
could just mention the meaning of NES in the other territories
unrelated to protection devices. Another limitation is the
small number of included patients. However, despite the small
sample size, the significant differences in our results are likely
meaningful.
Conclusions
We found that CAS was associated with NES in the territory of
the treated artery and the other territories outside this distribution. NES in the other territories arose mainly from atherosclerotic aortic arches and arch vessels proximal to the treated
lesions during the manipulation of endovascular devices. We
found that the carotid artery catheterization technique with a
coaxial system in which a 7F or 8F catheter was used in conjunction with a 4F or 5F catheter reduced the incidence of NES
in the other territories, suggesting that using a smaller more
properly shaped device in the aortic arch and arch vessels is less
traumatic than using a guiding catheter alone and that the
former decreases the mobilization of atheromas. Routine use
of the carotid artery catheterization technique using a coaxial
system with a 7F or 8F catheter in conjunction with a 4F or 5F
catheter in CAS may improve patient outcomes and indicates
that the development of less traumatic guiding systems is
necessary.

1736

Kim 兩 AJNR 31 兩 Oct 2010 兩 www.ajnr.org

References
1. Endovascular versus surgical treatment in patients with carotid stenosis in
the Carotid and Vertebral Artery Transluminal Angioplasty Study
(CAVATAS): a randomised trial. Lancet 2001;357:1729 –37
2. Yadav JS, Wholey MH, Kuntz RE, et al. Protected carotid-artery stenting versus endarterectomy in high-risk patients. N Engl J Med 2004;351:1493–501
3. Kastrup A, Groschel K, Krapf H, et al. Early outcome of carotid angioplasty and
stenting with and without cerebral protection devices: a systematic review of
the literature. Stroke 2003;34:813–19
4. Wholey MH, Al-Mubarek N. Updated review of the global carotid artery stent
registry. Catheter Cardiovasc Interv 2003;60:259 – 66
5. Jaeger HJ, Mathias KD, Drescher R, et al. Diffusion-weighted MR imaging after
angioplasty or angioplasty plus stenting of arteries supplying the brain. AJNR
Am J Neuroradiol 2001;22:1251–59
6. Jaeger HJ, Mathias KD, Hauth E, et al. Cerebral ischemia detected with diffusion-weighted MR imaging after stent implantation in the carotid artery.
AJNR Am J Neuroradiol 2002;23:200 – 07
7. Schluter M, Tubler T, Steffens JC, et al. Focal ischemia of the brain after neuroprotected carotid artery stenting. J Am Coll Cardiol 2003;42:1007–13
8. Poppert H, Wolf O, Resch M, et al. Differences in number, size and location of
intracranial microembolic lesions after surgical versus endovascular treatment without protection device of carotid artery stenosis. J Neurol 2004;251:
1198 –203
9. Hammer FD, Lacroix V, Duprez T, et al. Cerebral microembolization after
protected carotid artery stenting in surgical high-risk patients: results of a
2-year prospective study. J Vasc Surg 2005;42:847–53, discussion 853
10. Cosottini M, Michelassi MC, Puglioli M, et al. Silent cerebral ischemia detected
with diffusion-weighted imaging in patients treated with protected and unprotected carotid artery stenting. Stroke 2005;36:2389 –93
11. Hauth EA, Jansen C, Drescher R, et al. MR and clinical follow-up of diffusionweighted cerebral lesions after carotid artery stenting. AJNR Am J Neuroradiol
2005;26:2336 – 41
12. du Mesnil de Rochemont R, Schneider S, Yan B, et al. Diffusion-weighted MR
imaging lesions after filter-protected stenting of high-grade symptomatic carotid artery stenoses. AJNR Am J Neuroradiol 2006;27:1321–25
13. Vitek JJ, Roubin GS, Al-Mubarek N, et al. Carotid artery stenting: technical
considerations. AJNR Am J Neuroradiol 2000;21:1736 – 43
14. Al-Mubarak N, Roubin GS, Iyer SS, et al. Techniques of carotid artery stenting:
the state of the art. Semin Vasc Surg 2000;13:117–29
15. Hinck VC, Judkins MP, Paxton HD. Simplified selective femorocerebral angiography. Radiology 1967;89:1048 –52
16. Kerber CW, Newton TH. The long tapered catheter. Neuroradiology 1972;3:
182– 83
17. Mani RL. A new double-curve catheter for selective femorocerebral angiography. Radiology 1970;94:607–11
18. Fierstien SB. A simple catheter curve for cerebral angiography. Radiology
1978;126:524 –25
19. Barnett HJ, Taylor DW, Eliasziw M, et al. Benefit of carotid endarterectomy in
patients with symptomatic moderate or severe stenosis: North American
Symptomatic Carotid Endarterectomy Trial Collaborators. N Engl J Med
1998;339:1415–25
20. Berenstein A, Kricheff II. Catheter and material selection for transarterial
embolization: technical considerations. II. Materials. Radiology 1979;132:631–39
21. Bendszus M, Koltzenburg M, Burger R, et al. Silent embolism in diagnostic
cerebral angiography and neurointerventional procedures: a prospective
study. Lancet 1999;354:1594 –97
22. Chuah KC, Stuckey SL, Berman IG. Silent embolism in diagnostic cerebral
angiography: detection with diffusion-weighted imaging. Australas Radiol
2004;48:133–38
23. Hahnel S, Bender J, Jansen O, et al. Clinically silent cerebral embolisms after
cerebral catheter angiography [in German]. Rofo 2001;173:300 – 05
24. Kato K, Tomura N, Takahashi S, et al. Ischemic lesions related to cerebral
angiography: evaluation by diffusion weighted MR imaging. Neuroradiology
2003;45:39 – 43
25. Bendszus M, Koltzenburg M, Bartsch AJ, et al. Heparin and air filters reduce
embolic events caused by intra-arterial cerebral angiography: a prospective,
randomized trial. Circulation 2004;110:2210 –15
26. Lund C, Nes RB, Ugelstad TP, et al. Cerebral emboli during left heart catheterization may cause acute brain injury. Eur Heart J 2005;26:1269 –75
27. Restrepo L, Wityk RJ, Grega MA, et al. Diffusion- and perfusion-weighted
magnetic resonance imaging of the brain before and after coronary artery
bypass grafting surgery. Stroke 2002;33:2909 –15
28. Knipp SC, Matatko N, Wilhelm H, et al. Evaluation of brain injury after coronary artery bypass grafting: a prospective study using neuropsychological assessment and diffusion-weighted magnetic resonance imaging. Eur J Cardiothorac Surg 2004;25:791– 800

