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Diffusion-weighted MR Imaging After Angioplasty or
Angioplasty Plus Stenting of Arteries Supplying

the Brain

Horst J. Jaeger, Klaus D. Mathias, Robert Drescher, Elke Hauth, Georg Bockisch, Eren Demirel, and
Hans Martin Gissler

BACKGROUND AND PURPOSE: There has been concern regarding the safety of revascu-
larization procedures of vessels supplying the brain vessels because of the risk of cerebral
embolization during the procedure. We have observed a high incidence of hyperintense lesions
on diffusion-weighted MR images of the brain after stenting at the carotid bifurcation. The
hypothesis of this study is that diffusion-weighted MR imaging of the brain can reveal new
diffusion abnormalities after angioplasty or angioplasty plus stenting of arteries supplying the
brain, other than at the carotid bifurcation. Therefore, we prospectively obtained diffusion-
weighted MR images of the brain before and after such revascularization procedures.

METHODS: Thirty-seven revascularization procedures were performed in 32 patients. Elev-
en interventions were performed at the distal internal carotid artery, two at the external carotid
artery, two at the common carotid artery, five at the innominate artery, five at the vertebral
artery, and 12 at the proximal subclavian artery. Diffusion-weighted MR imaging of the brain
was performed before and 24 hours after the procedures.

RESULTS: After eight (22%) of 37 procedures, new hyperintensities were visible on the
diffusion-weighted MR images. With six of these eight procedures, the hyperintensities occurred
in the vascular territory supplied by the treated vessel. In total, 35 new cerebral lesions could
be seen, 33 (94%) of which occurred in the vascular territory supplied by the treated vessel.
None of the patients in whom new diffusion abnormalities were found had new neurologic
symptoms or deficits. No new lesions could be seen after procedures at the subclavian artery.

CONCLUSION: Revascularization procedures of arteries supplying the brain were associated
with new lesions on the diffusion-weighted MR images of the brain after 22% of the procedures,
provided that MR imaging could be performed, indicating the occurrence of cerebral micro-
emboli during such procedures. Diffusion-weighted MR imaging of the brain can be used as a
tool to assess the impact of modifications of procedural technique and/or the use of cerebral
protection devices on the occurrence of such lesions.

During the last years, interventional revasculariza-
tion procedures of vessels supplying the brain have
been developed as an alternative to medical and/or
surgical treatment (1–13). However, there has been
concern regarding the safety of such interventions
because of the risk of cerebral embolization during
the procedure (14–16).

For stenting of the carotid bifurcation, it has been
assumed that the cause of the majority of the com-
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plications is distal embolization of plaque material
during the procedure (1–4). The incidence of asymp-
tomatic emboli detected by transcranial Doppler
monitoring for balloon angioplasty and stent implan-
tation at the carotid bifurcation exceeded 90% (16).

At present, diffusion-weighted MR imaging is
the most sensitive tool to detect early cerebral is-
chemia (17–23). It has been used to detect struc-
tural damage of the brain due to silent embolism
during cerebral angiography and stenting at the ca-
rotid bifurcation (24–26). We have seen new post-
procedural lesions detected by diffusion-weighted
MR imaging after 29% of stenting procedures at
the carotid bifurcation for high-grade stenosis in
cases in which MR imaging could be performed
(H.J. Jaeger, unpublished data, 2001).

The hypothesis of this study is that diffusion-
weighted MR imaging of the brain can reveal new
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TABLE 1: Characteristics of lesions and interventions

Treated
Vessel Site of Lesion Etiology

Type of Intervention
(Diameter in mm)

11 3 ICA 5 3 cavernous

2 3 petrosal
4 3 cervical

5 3 AS

2 3 AS
3 3 FMD
1 3 RES

2 3 PTA (2.5 mm; 3.5 mm)
3 3 attempts to treat
2 3 PTA (2.5 mm; 3.5 mm)
4 3 PTA (3–5 mm)

2 3 ECA 2 3 origin 2 3 AS 2 3 PTA (4 mm; 5 mm)
2 3 CCA 2 3 origin 2 3 AS 2 3 balloon-expandable stent (8 mm; 9 mm)
5 3 IA 5 3 origin 5 3 AS 3 3 balloon-expandable stent (8 mm)

1 3 self-expandable stent (10 mm)
1 3 PTA (10 mm)

5 3 VA 1 3 V4
1 3 V2
3 3 V1

1 3 AS
1 3 AS
3 3 AS

1 3 balloon-expandable stent (3.5 mm)
1 3 PTA (3.5 mm)
2 3 balloon-expandable stent (3.5 mm; 4.5 mm)
1 3 PTA (3.5 mm)

12 3 SA 12 3 proximal 10 3 AS
1 3 RAD
1 3 RES

6 3 balloon-expandable stent (7–8 mm)
1 3 self-expandable stent (10 mm)
5 3 PTA (8 mm)

Note.—ICA 5 internal carotid artery; ECA 5 external carotid artery; CCA 5 common carotid artery; IA 5 innominate artery; VA 5 vertebral
artery; SA 5 subclavian artery; AS 5 atherosclerosis; FMD 5 fibromuscular dysplasia; RES 5 restenosis; RAD 5 radiation therapy.

diffusion abnormalities after angioplasty or angio-
plasty plus stenting of arteries supplying the brain,
other than at the carotid bifurcation. Therefore, we
prospectively obtained diffusion-weighted MR im-
ages of the brain before and after such revascular-
ization procedures.

Methods

Patients

This prospective study comprises interventional revascular-
ization procedures of arteries supplying the brain, other than
at the carotid bifurcation, performed during 12 months at our
institution. During that period, a total of 47 such revasculari-
zation procedures were performed in 40 patients (Table 1). The
inclusion criterion was the ability to perform MR imaging of
these patients. Therefore, this series is a nonconsecutive one.
Thirty-seven interventions were performed in 32 patients who
were eligible to be enrolled in the study. In five patients, two
procedures were performed with a time difference between the
procedures of between 6 weeks and 6 months.

The average age of the patients was 62 years (range, 39–80
years). Nineteen male and 13 female patients were treated. All
patients had symptoms related to the vascular territory to be
treated during the last 6 months before the intervention. Eleven
procedures were performed at the distal internal carotid artery
(ICA), two at the external carotid artery, two at the common
carotid artery, five at the innominate artery, five at the vertebral
artery (VA), and 12 at the subclavian artery (SA). Six of the
37 procedures were performed on intradural, intracranial le-
sions. The lesions of the SA were all situated proximal to the
origin of the VA. In all 12 lesions of the SA, the patients had
subclavian steal phenomena of the affected side. In the q5 le-
sions of the innominate artery, right subclavian steal phenom-
ena were present. In only one of these five cases, carotid steal
phenomena were also shown. In both patients with lesions of
the external carotid artery, there was a concomitant occlusion
of the ICA of the ipsilateral side and branches of the external
carotid artery were supplying the ipsilateral carotid siphon and
the middle cerebral artery. Of the 37 lesions, there were 35
stenoses, with an average stenosis grade of 79% (range, 57–
90%), measured according to the North American Symptom-

atic Carotid Endarterectomy Trial method (27), and two occlu-
sions of the SA. Each patient underwent a neurologic
examination before and 24 hours after the procedure.

Procedure

The day before the procedure, the patients received 500 mg
of acetylsalicylic acid and 300 mg of clopidrogel. The daily
administration of 100 mg of acetylsalicylic acid was continued
as permanent medication, and the daily administration of an
additional 75 mg of clopidrogel was continued for 3 months.
All procedures were performed with the patient under local
anesthesia, with percutaneous transfemoral access; in three cas-
es, an additional transbrachial approach was used (Table 1).
During the procedure, the patients received 5000 to 10,000 IU
of heparin, administered intraarterially, to achieve an activated
clotting time of more than 200 seconds. In each case, the pro-
cedure started with four-vessel cerebral angiography. There-
after, a 7- to 8-F 80- to 100-cm-long sheath was used for le-
sions of the innominate artery, common carotid artery, and SA
and a 5- to 6-F 100-cm-long guiding catheter was used for
lesions of the ICA, external carotid artery, and VA. By using
the sheath and/or guiding catheter in road map or overlay tech-
nique, the lesion was visualized. After crossing the lesion with
a guidewire, in all cases, balloon angioplasty with appropriate
balloon size was performed. For intracranial lesions, the bal-
loon was deliberately undersized. If angiographic control after
balloon angioplasty showed an unsatisfactory result, stent im-
plantation was performed. The self-expandable stents were
post-dilated. Finally, angiography of the percutaneous trans-
luminal angioplasty and/or stent site and intracranial circula-
tion of the treated vessel was performed. One hour after the
procedure, with an activated clotting time of less than 140
seconds and a neurologically and hemodynamically stable pa-
tient condition, the arterial sheath was removed with a vascular
occlusion device.

Imaging Technique

MR imaging was performed on a 1.5-T MR whole-body MR
system with a head coil. The MR studies consisted of axial
T2- and diffusion-weighted sequences. The T2-weighted se-
quence was a fast spin-echo sequence (single echo; 5700/119
[TR/TE]; echo train length, 15; matrix, 240 3 512; field of
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view, 201 3 230 mm; number of excitations, one; section
thickness, 5 mm; intersection gap, 1.5 mm; total acquisition
time, 1.36 min). The diffusion-weighted sequence was a spin-
echo/echo-planar sequence (6000/103; matrix, 96 3 200; field
of view, 230 3 230 mm; section thickness, 5 mm; intersection
gap, 1.5 mm; number of excitations, one; fat saturation; total
acquisition time, 0.30 min). The MR diffusion sequence was
run at two levels of diffusion sensitization (b 5 0 and b 5
1000 s/mm2). The higher level of diffusion sensitization was
replicated in each of the three principal gradient directions (x,
y, and z planes). The diffusion-weighted MR images were dis-
played as diffusion-weighted images in the three directions.

MR imaging was performed before and 24 hours after the
procedures. On the T2-weighted images, the presence of pre-
vious territorial infarction was determined. On the diffusion-
weighted MR images, the presence of a signal abnormality was
recorded. For all diffusion-weighted abnormalities, the size,
vascular distribution, lobe, and area of brain in which the le-
sion occurred were determined. The upper area was defined as
the cerebral area above the lateral ventricles, middle as the area
between the lateral and third ventricles, and lower as the ce-
rebral area below the third ventricle. For the anterior circula-
tion, ipsilateral was defined as the side that was treated and
contralateral as the side that was not treated. All diffusion-
weighted abnormalities were correlated with the findings of the
T2-weighted images. The results of the pre- and postprocedural
MR imaging were compared, and new lesions were defined as
lesions that were present only on the postprocedural MR im-
ages. All MR examinations were evaluated by two neuroradi-
ologists who were unaware of the procedure performed. In case
of dissent, the examinations were reviewed by a third neuro-
radiologist and a decision was made by consent.

Results

Procedures
Thirty-four (92%) of the 37 procedures were

successfully completed, including the two cases of
SA occlusion. Three stenoses of the cavernous part
of the ICA could be crossed with a guidewire but
not with the angioplasty balloon. In the 34 com-
pleted procedures, the grade of stenosis after inter-
vention was reduced to an average of 12% (range,
0–50%). In 16 (47%) of 34 completed procedures,
a stent was implanted to improve the angioplasty
result. The control angiography of the intracranial
circulation after completion of the procedure did
not show any evidence for distal embolization. The
neurologic examinations performed 24 hours after
the procedure showed that none of the patients had
new neurologic symptoms or deficits (Table 1 and
Figs 1–4).

MR Imaging
Previous territorial infarction could be seen on

the T2-weighted images obtained before the pro-
cedure for 14 (44%) of 32 patients. Eight of the 14
infarctions had occurred in the vascular territory to
be treated. None of the infarction occurred in the
posterior circulation of patients with lesions of the
innominate artery or SA (Table 2 and Figs 1–3).

A total of five hyperintense lesions were shown
on three of the 37 preprocedural diffusion-weighted
MR images. One patient with a left proximal SA
stenosis had one hyperintense lesion revealed (5–

10 mm, left middle cerebral artery territory, pari-
etal lobe); one patient with a stenosis of the origin
of the left VA had one hyperintense lesion revealed
(20 mm, right posterior cerebral artery [PCA] ter-
ritory, occipital lobe); one patient with a stenosis
of the V4 segment of the left VA had three hyper-
intense lesions revealed (5–10 mm, left PCA ter-
ritory, occipital lobe). The last patient also had a
new postprocedural lesion revealed on the diffu-
sion-weighted images (Table 2, patient 8).

On eight (22%) of the 37 postprocedural diffu-
sion-weighted MR images, a total of 35 new hy-
perintensities were visible (Figs 1–3). All these le-
sions were focal in nature. An average of 4.4
(range, 1–17) lesions occurred. Twenty-seven le-
sions were found in the middle cerebral artery ter-
ritory, two in the PCA territory, four in the superior
cerebellar artery territory, and two in the posterior
inferior cerebellar artery territory. Twenty-eight of
the 29 lesions in the vascular territory of the middle
cerebral artery and PCA were found in the cortical
area. Twenty-two lesions were seen in the parietal
lobe, three in the frontal lobe, two in the temporal
lobe, one in the occipital lobe, one in the thalamus,
and six in the cerebellum. None of the lesions oc-
curred in the brain stem. Twenty-four lesions had
diameters , 5 mm, eight had diameters between 5
and 10 mm, one had a diameter of 15 mm, and two
had diameters of 20 mm. Of the 29 lesions of the
cerebrum, 16 occurred in the upper area, seven in
the middle area, and six in the lower area.

In association with six of the eight procedures
for which new postprocedural lesions were re-
vealed by diffusion-weighted MR imaging, the le-
sions occurred in the vascular territory supplied by
the treated vessel. In a patient in whom percuta-
neous angioplasty of the origin of the external ca-
rotid artery was performed, one lesion occurred in
the cerebellum (Table 2, patient 4). In a patient in
whom percutaneous angioplasty of a stenosis of the
cervical ICA without cross flow to the contralateral
side was performed, one lesion occurred in the con-
tralateral hemisphere (Table 2, patient 3). There-
fore, 33 (94%) of the 35 lesions occurred in the
vascular territory supplied by the treated vessel.
None of the lesions occurred after procedures at the
SA in the vascular territory supplied by this vessel.
Excluding the procedures of the SA, in association
with six (24%) of 25 procedures, new hyperintense
lesions in the vascular territory supplied by the
treated vessel were visible on the diffusion-weight-
ed MR images. In one case (Table 2, patient 1, and
Fig 1), new lesions were detected after guidewire
and/or catheter manipulation without performing
angioplasty. In one patient (Table 2, patient 2), ipsi-
and contralateral lesions occurred after percutane-
ous angioplasty of the cavernous part of the ICA,
with a contralateral occlusion of the ICA. In one
patient (Table 2, patient 5, and Fig 2), lesions oc-
curred in the PCA territory after stent implantation
of the origin of the innominate artery. In this pa-
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FIG 1. Patient 2.
A, Stenosis of the cavernous part of the right ICA.
B, Result after percutaneous angioplasty (3.5-mm balloon). Note irregularity at the site of the percutaneous angioplasty.
C, Cross flow from the right ICA to the contralateral hemisphere (occlusion of the left ICA is not shown). Post-procedural diffusion-

weighted images (6000/103; number of excitations, one) obtained with a diffusion sensitization level of b 5 1000 s/mm2.
D, New ipsilateral lesion: ,5 mm, middle cerebral artery cortical territory, parietal lobe (arrow).
E, New contralateral lesion: 5 to 10 mm, middle cerebral artery cortical territory, parietal lobe (arrow).

tient, there was a congenital origin of both PCA
from the respective ICA.

Ten (29%) of the 35 hyperintense lesions shown
on the diffusion-weighted MR images were also
visible on the T2-weighted images. Three (13%) of
24 lesions that were , 5 mm, four (50%) of eight
lesions that were between 5 and 10 mm, one
(100%) of one lesion that was 15 mm, and two
(100%) of two of lesions that were 20 mm were
visible on the T2-weighted images.

Discussion
Jordan et al (16) determined the rate of emboli

detected by transcranial Doppler monitoring during
stent implantation of the carotid bifurcation, with a
mean of 74.0 emboli per procedure. During only
three (7.5%) procedures were no emboli detected.
The authors showed that the majority of the emboli
were connected to the guidewire and/or catheter
manipulation and the deflation of the balloon.
However, they could not find a direct relationship
between the number of emboli and the neurologic

events of the patients. Ohki et al (14) showed, in
an ex vivo model of the carotid bifurcation, that
distal embolization was observed in all cases dur-
ing stent implantation of the carotid bifurcation.
They observed a median of 15 emboli, with range
of two to 126 per procedure. Manninen et al (15)
showed that in cadavers in situ during stent im-
plantation of the carotid bifurcation, distal embo-
lization occurred in all cases during stent placement
and post dilation. It can be assumed that similar
rates of emboli can occur with revascularization
procedures of arteries supplying the brain other
than at the carotid bifurcation.

Diffusion-weighted MR imaging of the brain is
the diagnostic procedure with the highest sensitiv-
ity for ischemic cerebral events (17–23). Burdette
et al (19) showed that in all cases, 24 hours after
cerebral infarction, abnormal signal intensity was
evident on diffusion-weighted MR images. Because
neurologic events after revascularization proce-
dures of vessels supplying the brain are rare and
because transcranial Doppler monitoring has shown
that many emboli are asymptomatic, we used dif-
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FIG 2. Patient 5.
A, Aortic arch injection (early phase).

Stenosis of the innominate artery with an-
tegrade flow in the right carotid artery.
(Retrograde flow in the right VA with sub-
clavian steal in the late phase is not
shown).

B, Result after stent implantation (bal-
loon-expandable stent, 8 mm diameter)
with antegrade flow in the right VA (ar-
rows). Post-procedural diffusion-weighted
images (6000/103; number of excitations,
one) obtained with a diffusion sensitization
level of b 5 1000 s/mm2.

C, New ipsilateral lesion: 5 to 10 mm,
PCA deep territory, thalamus (arrow).

D, New ipsilateral lesion: 15 mm, PCA
cortical territory, occipital lobe (arrow).

fusion-weighted MR imaging before and 24 hours
after the procedure to determine the incidence of
new lesions after such interventions.

In eight (22%) of the 37 postprocedural diffu-
sion-weighted MR images, a total of 35 new hy-
perintense lesions occurred; 33 (94%) of the 35 le-
sions occurred in the vascular territory supplied by
the treated vessel. This indicates that the cause of
these signal abnormalities is emboli released during
the procedure and delivered into the distal circu-
lation of the treated vessel.

In association with procedures of vessels that
supply the anterior circulation (ICA, external ca-
rotid artery, and innominate artery), the majority of
lesions occurred in the distribution of the cortical
branches of the middle cerebral artery, the parietal
lobe, and the upper area of the brain, with a di-
ameter , 5 mm. This type and distribution of le-
sions can be considered as the ‘‘embolic pattern’’
of cerebral embolization. This pattern can be ex-
plained in that emboli released during the proce-
dure will take the straight way up into cortical
branches of the middle cerebral artery and get stuck
in small and medium arteries at the top of the brain.

In one case in our series, lesions occurred in the
distribution of the ipsi- and contralateral middle ce-
rebral artery after percutaneous angioplasty of the
ICA, with occlusion of the contralateral ICA. In
these circumstances, embolization through the an-
terior communicating artery to the contralateral
side has to be assumed. In another case, lesions
occurred in the distribution of the PCA after stent
implantation of the innominate artery, with con-
genital origin of both PCA from the respective
ICA. In this patient, subclavian steal phenomena of
the right VA occurred before the procedure, pro-
tecting the posterior circulation from embolization
through the VA. In these circumstances, emboli-
zation through the posterior communicating artery
to the PCA has to be assumed. These two cases
illustrate that embolization through the anterior
communicating artery and posterior communicat-
ing artery is possible and that the flow will deter-
mine where the emboli will occur. For every case,
the ‘‘brain at risk’’ of embolization has to be de-
termined after preprocedural angiography of the
complete cerebral circulation, taking these findings
into consideration.
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FIG 3. Patient 6.
A, Stenosis of left VA (occlusion of right VA is not shown).
B, Result after percutaneous angioplasty (3.5-mm balloon).
C, Left VA injection. Note the anterior inferior-posterior inferior cerebellar artery com-

plex on the right side (arrow). Post-procedural diffusion-weighted images (6000/103;
number of excitations, one) obtained with a diffusion sensitization level of b 5 1000
s/mm2.

D, New cerebellar lesions: 5 to 10 mm, superior cerebellar artery territory (arrows).
E, New cerebellar lesion: 20 mm, posterior inferior cerebellar artery territory (arrow).

In association with procedures of the VA, all le-
sions occurred in the cerebellum in the distribution
of the superior cerebellar and posterior inferior cer-
ebellar arteries. A likely explanation of this distri-
bution is that the perforating branches of the basilar
and anterior inferior cerebellar arteries have as
small a size and as rectangular an origin as the
basilar artery; therefore, flow will direct emboli
into the superior cerebellar artery territory and pos-
terior inferior cerebellar artery territory. This pat-
tern of embolization could also account for the low
incidence of embolic complications reported in the
literature for revascularization procedures of the
vertebrobasilar arteries, despite the important brain
areas supplied by these vessels (9, 11–13).

None of the postprocedural lesions in the diffu-
sion-weighted MR images occurred after proce-
dures of the SA. All patients with stenoses and/or
occlusions of the SA had subclavian steal phenom-
ena of the affected side. Ringelstein and Zeumer

(8) showed that after sufficient revascularization of
the proximal SA, the flow direction within the VA
did not immediately change to antegrade but did so
gradually, within 20 seconds up to several minutes.
This delay of flow reversal is thought to serve as
a protective mechanism against cerebral embolism
during and shortly after revascularization of the
proximal SA. This is in agreement with the very
low incidence of cerebral events with angioplasty
for subclavian steal phenomena reported by others
(5, 6). This supports angioplasty and stenting of the
SA as a low risk alternative to surgical revascular-
ization of proximal disease of the SA.

Of note is that we found, in two patients, lesions
in a territory of the brain not supplied by the treated
vessel. One lesion was found in the contralateral
hemisphere after percutaneous angioplasty of the
ICA without cross flow from the treated side and
one was found in the cerebellum after percutaneous
angioplasty of the origin of the external carotid ar-
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FIG 4. A, Aortic arch injection (early phase). Occlusion of the proximal part of the left SA.
B, Aortic arch injection (late phase). Retrograde flow in left VA with subclavian steal.
C, Result after stent implantation (balloon-expandable stent, 7 mm) with antegrade flow in left VA.

TABLE 2: Characteristics of new postprocedural lesion in DW-MR imaging

Pa-
tient
No. Treated Vessel

Le-
sions
(N)

Side of
Lesion

Vascular
Distribution Lobe Area

Size
(mm) Comments

1 ICA, cavernous 7 Ipsilateral 7 3 MCA 7 3 parietal 2 3 upper
5 3 middle

6 3 ,5
1 3 5–10

Attempt to treat; not possible
to cross lesion with guide-
wire

2 ICA, cavernous 6
11

Ipsilateral
Contralateral

6 3 MCA cortical
11 3 MCA cortical

6 3 parietal
3 3 frontal
8 3 parietal

6 3 upper
6 3 upper
5 3 lower

6 3 ,5
10 3 ,5
1 3 5–10

3.5-mm PTA: cross-flow to
contralateral side; occlusion
of contralateral ICA

3 ICA, cervical 1 Contralateral 1 3 MCA cortical 1 3 parietal 1 3 upper 1 3 20 PTA (5 mm); FMD; no cross-
flow to contralateral side

4 ECA, origin 1 — 1 3 SCA 1 3 cerebellar — 1 3 ,5 PTA (4 mm)
5 IA origin 4 Ipsilateral 2 3 MCA cortical

1 3 PCA cortical
1 3 PCA deep

2 3 temporal
1 3 occipital
1 3 thalamic

1 3 upper
2 3 middle
1 3 lower

1 3 ,5
2 3 5–10
1 3 15

Balloon-expandable stent (8
mm); subclavian steal right,
no carotid steal

6 VA V1 3 — 2 3 SCA
1 3 PICA

3 3 cerebellar — 2 3 5–10
1 3 20

PTA (3.5 mm); occlusion of
contralateral VA

7 VA V1 1 — 1 3 PICA 1 3 cerebellar — 1 3 5–10 Balloon-expandable stent (3.5
mm); occlusion of contra-
lateral VA

8 VA V4 1 — 1 3 SCA 1 3 cerebellar — 1 3 5–10 Balloon-expandable stent (3.5
mm); occlusion of contralat-
eral VA

Note.—ICA 5 internal carotid artery; IA 5 innominate artery; VA 5 vertebral artery; MCA 5 middle cerebral artery; PCA 5 posterior cerebral
artery; AICA 5 anterior inferior cerebellar artery; PICA 5 posterior inferior cerebellar artery; SCA 5 superior cerebellar artery; FMD 5 fibro-
muscular dysplasia.

tery without collateralization to the posterior cir-
culation. Bendszus et al (24) found, in 26% of all
patients after diagnostic cerebral angiography, new
lesions on the diffusion-weighted MR images of
the brain. All our patients had undergone complete
cerebral angiography before undergoing the pro-
cedure. This indicates that the guidewire and/or
catheter manipulation of a diagnostic study alone

can cause lesions in the diffusion-weighted MR
images.

Van Everdingen et al (22) reported that diffu-
sion-weighted MR imaging detected 98% of all is-
chemic lesions, in contrast to fluid-attenuated in-
version recovery, proton density-weighted, and
T2-weighted sequences that showed only 91%,
80%, and 71% of all lesions, respectively. In our
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series, only 10 (29%) of the 35 lesions were visible
in the T2-weighted sequence. The smaller the le-
sions were, the less likely they were to be seen on
the T2-weighted images. This emphasizes that re-
sults of diffusion-weighted MR imaging regarding
the number of cerebral lesions cannot be compared
with other MR imaging studies and that diffusion-
weighted MR imaging should be considered as the
standard of reference for the detection of cerebral
lesions after interventional procedures of vessels
supplying the brain.

It is not yet completely understood which his-
tologic basis the signal changes on diffusion-
weighted MR images represent. Kidwell et al (21)
showed that 20% of patients with transient ische-
mic attack who had early diffusion-weighted ab-
normalities did not have evidence of established in-
farction shown by follow-up MR imaging. On the
other hand, once a cell shows a signal increase on
the diffusion-weighted MR images, the time frame
in humans for restoration of oxygen and metabolite
supply and reversibility may be very narrow (20).
Therefore, a signal abnormality on diffusion-
weighted MR images obtained 24 hours after the
occurrence should be considered as an early marker
of infarction. Follow-up MR imaging studies of pa-
tients with signal abnormalities on diffusion-
weighted MR images after interventional proce-
dures of vessels supplying the brain will shed more
light on this topic.

At present, it is not known which step of the
procedure may be responsible for the majority of
these lesions. In one of our patients, ipsilateral le-
sions occurred after crossing the lesion with a
guidewire without actually performing the balloon
angioplasty. Emboli could occur during diagnostic
angiography and the introduction of the long sheath
and/or guiding catheter. They may also occur dur-
ing the initial crossing of the stenosis with the
guidewire or during balloon angioplasty, stent
placement, and/or post-dilation of the stent (14–
16). Further investigations with transcranial Dopp-
ler monitoring during the procedures are necessary
to clarify this matter.

There is some controversy regarding the clinical
importance of cerebral microemboli. Ohki et al (14)
reported that the average size of particles was 338
m (range, 120–2100 m) during stent implantation
of the carotid bifurcation. In our series, no per-
manent neurologic symptom or deficit occurred. On
the other hand, there may be important intracere-
bral arteries as small as 100 m in diameter. Lövblad
et al (26) reported that new ipsilateral lesions were
revealed by the diffusion-weighted MR images of
four of 19 patients after stent implantation of the
carotid bifurcation; two of the four patients were
neurologically symptomatic. It has not yet been de-
termined whether the number and/or size of cere-
bral emboli is related to the occurrence of neuro-
logic events. The relationship between iatrogenic
emboli and neurologic effect remains to be more
precisely defined.

Despite this uncertainty, it has to be assumed that
fewer emboli, and consequently fewer lesions, on
diffusion-weighted MR images may be beneficial
to the patient. Devices for cerebral protection dur-
ing stent implantation at the carotid bifurcation
have been used, such as occlusion balloons and fil-
ters (28, 29). In the future, the development of such
protection devices should be extended to protect
also interventions at the origin of supraaortal arter-
ies and at more distal intracranial vessels.

Conclusion
Revascularization procedures of arteries supply-

ing the brain were associated with new lesions re-
vealed by diffusion-weighted MR imaging of the
brain after 22% of the procedures, provided that
MR imaging could be performed, indicating the oc-
currence of cerebral microemboli during such pro-
cedures. Diffusion-weighted MR imaging of the
brain can be used as a tool to assess the impact of
modifications of procedural technique and/or the
use of cerebral protection devices on the occur-
rence of such lesions.
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26. Lövblad KO, Phischke W, Remonda L, et al. Diffusion-weighted
MRI for monitoring neurovascular interventions. Neuroradi-
ology 2000;42:134–138

27. Fox AJ. How to measure carotid stenosis. Radiology 1993;186:
316–318

28. Theron JG, Payelle GG, Coskun O, et al. Carotid artery stenosis:
treatment with protected balloon angioplasty and stent place-
ment. Radiology 1996;201:627–636

29. Ohki T, Roubin GS, Veith FJ, Iyer SS, Brady E. Efficacy of a
filter device in the prevention of embolic events during carotid
angioplasty and stenting: an ex vivo analysis. J Vasc Surg 1999;
30:1034–1044


