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Diffusion-Weighted Imaging Abnormalities after
Percutaneous Transluminal Angioplasty and

Stenting for Intracranial Atherosclerotic Disease

Tomoyuki Tsumoto Tomoaki Terada, Mitsuhiro Tsuura, Hiroyuki Matsumoto, Osamu Masuo,
Hiroo Yamaga, and Toru Itakura

BACKGROUND AND PURPOSE: The literature contains relatively few reports of distal
embolism associated with intervention for intracranial atherosclerotic disease. Our purpose
was to evaluate the frequency of thromboembolic events after percutaneous transluminal
angioplasty (PTA) or stent placement in this setting by using diffusion-weighted (DW) imaging.

METHODS: Between October 1999 and January 2004, 16 consecutive patients with symp-
tomatic intracranial arterial stenosis greater than 60% were treated with PTA or stent place-
ment without a protection system. Whole-brain DW imaging was performed before and after
intervention. DW imaging findings were retrospectively analyzed and divided into three groups
according to new hyperintensities: type A was none; type B, a single lesion; and type C, multiple
lesions.

RESULTS: Nine type A, five type B, and three type C lesions were detected after the
interventions. All hyperintense lesions were less than 5 mm in diameter. All type C lesions
occurred in the context of internal carotid artery stenosis treated with stent placement. DW
imaging abnormalities occurred most frequently when PTA followed by stent placement was
performed for long internal carotid artery stenoses. No new neurologic deficits occurred in any
patient.

CONCLUSION: In this series, PTA or stent placement or both for intracranial atherosclerotic
lesions was safe. New DW imaging abnormalities were less frequent in patients who underwent
PTA alone or primary stent placement than in those receiving PTA followed by stent placement.

The rate of ischemic events in patients with symptom-
atic intracranial arterial stenosis is 7–9% per year (1,
2). Advancements in interventional neuroradiology
have made the endovascular treatment of intracranial
atherosclerotic disease possible (3–6). However, this
procedure carries certain risks, including vessel rup-
ture, occlusion of perforating arteries, and cerebral
embolism. In carotid artery stent placement (CAS),
major complications have been reported to occur with
the distal embolism of plaque material during the
procedure (7, 8). In contrast, the literature contains
relatively few reports of distal embolism associated
with intervention for intracranial atherosclerotic dis-
ease. Therefore, clinicians have performed intracra-
nial percutaneous transluminal angioplasty (PTA) or
stent placement without protection systems, as the

rate of secondary thromboembolic complications was
considered low.

Diffusion-weighted (DW) imaging is the most sen-
sitive method to detect early ischemia. DW imaging
has been useful in identifying silent ischemia after
various endovascular treatments, such as diagnostic
cerebral angiography, CAS, and aneurysmal coil
placement (7–11). In this study, we evaluated the
pattern and frequency of thromboembolic events af-
ter PTA or stent placement or both for intracranial
atherosclerotic diseases by using DW imaging.

Methods

Patients
Between October 1999 and January 2004, 16 consecutive

patients with symptomatic intracranial arterial stenosis greater
than 60% were treated with PTA or stent placement or both.
They included 14 men and two women, with an age range of
56–78 years (mean: 67.5 years). All patients had transient
ischemic attacks or small cerebral infarctions that were be-
lieved to be secondary to stenosis of the intracranial artery.
These diagnoses were evaluated by a neurologist (H.M.) who
was blinded to the radiologic features. Ten patients had steno-
sis of the cavernous or petrous portion of the internal carotid
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artery (ICA), five patients had stenosis of the middle cerebral
artery (MCA), and two had restenosis of the MCA. No cases of
basilar or vertebral artery stenosis were included in this series.
Because of restenosis, one patient underwent PTA twice. Over-
all, 17 procedures were performed in the 16 patients, and all
underwent evaluation with DW imaging to assess embolic
complications.

Endovascular Therapy
In this series, all endovascular procedures were performed

under local anesthesia. MCA stenoses were treated with PTA
alone, as the properties of the available stents made then
unfavorable for navigation into the MCA lesion. In contrast,
stenoses of the cavernous or petrous portion of the ICA were
treated with stent placement; this approach was based on fa-
vorable patency outcomes in a previous report (3). Because no
suitable device was available to prevent embolic complications,
we did not utilize a protection device during these procedures.

In patients treated with PTA alone, the procedure was
performed by using single-lumen (Fas Stealth; Boston Scien-
tific, Boston, MA) or double-lumen (Maverick, Ranger, Gate-
way, Boston Scientific; SAVVY, Cordis Endovascular, Miami
Lakes, FL; or Opensail, Guidant, Santa Clara, CA) PTA bal-
loon catheters of 2–4 mm in diameter and 10–20 mm in length.
A 0.014-inch guidewire was exchanged into the valve wire
system in single-lumen PTA balloon catheters and used for
navigation of the catheter. In double-lumen catheters, the tip of
the guidewire was kept in the M2 segment to stabilize the
balloon catheter. After correct positioning, the PTA balloon
was slowly inflated and kept at 6–8 atm for 1–2 minutes. In
seven patients treated with PTA alone, the number of balloon
inflations ranged from one to four.

In patients treated with stent placement, we used one NIR
stent (Boston Scientific), three Bx-Velocity stents (Johnson &
Johnson, Miami, FL), and six S-670 stents (Medtronic, Minne-
apolis, MN). The diameter and length of the delivered stents
varied from 3.0 to 4.5 mm and from 9 to 24 mm, respectively.
In cases of high-grade stenosis, the stenotic lesion was slightly
dilated with a PTA balloon to allow passage of the stent. If the
stenosis was less than 70%, the stent was frequently delivered
and deployed into the lesion without predilation. In all three
patients receiving primary stent placement, postdilation was
performed once at the proximal portion of the stent to be
secured to the parent vessel. In one case invovling a petrous
lesion within a tortuous ICA, a buddy-wire technique with
another stiff guidewire (Stabilizer; Cordis Endovascular) was
required for successful catheter navigation.

Overall, five MCA stenoses and two MCA restenoses were
treated with PTA alone. Seven ICA lesions were treated with
PTA followed by stent placement, and three ICA lesions were
treated with primary stent placement.

Drug Regimen
For all patients, antiplatelet therapy (ticlopidine, 200 mg/

day; Daiichi Pharmaceuticals, Tokyo, Japan) was started at
least 1 week before intervention and continued for 3 months
afterward. The activated clotting time was maintained at 250–
300 seconds by means of systemic heparinization during the
procedure and kept at this level for 1–5 days after the inter-
vention (Table). No hemorrhagic complications occurred.

MR Imaging
Whole-brain DW imaging was performed with an echo-

planar sequence 1 day before and 1–3 days after intervention.
An isotropic sequence was used (TR/TE/NEX, 4000/137/2;
field of view, 240 mm; matrix, 96 � 128) with b values of 0 and
1000 s/mm2. Two neuroradiologists (O.M., H.Y.) who were
blinded to the patients’ clinical status retrospectively reviewed
the DW images. All new hyperintensities were interpreted as a

sign of new embolic lesions after intervention. DW imaging
findings were analyzed and divided in three groups according
to the characteristics of new hyperintensities: type A was none;
type B, a single lesion only; and type C, multiple lesions.

The relationship between DW imaging abnormalities and
characteristics of the stenosis (e.g., length and stenotic rate), as
well as differences in DW imaging abnormalities among those
undergoing PTA alone, primary stent placement, and PTA
followed by stent placement were compared by using the
Mann-Whitney U test and the Fisher exact probability test. A P
value of less than .05 was considered to indicate a statistically
significant association. In these analyses, we eliminated the
contralateral DW imaging-positive lesions, as recognized in
cases 4 and 6, because these were considered to appear as a
result of diagnostic angiography or manipulation of the guiding
catheter. The stenotic rate was determined by dividing the
stenotic diameter by the distal diameter of the ICA or MCA, as
in the North American Symptomatic Carotid Endarterectomy
Trial (12).

Results
Patient profiles and the corresponding procedures

are summarized in the Table. Nine type A, five type
B, and three type C lesions were detected after the
interventions. All hyperintense lesions were less than
5 mm in diameter. All type B lesions were localized to
the subcortex, and two of three type C lesions were
localized to the subcortex and basal ganglia. Two of
five type B lesions were present only in the hemi-
sphere contralateral to the stenosis.

We noted three type C lesions, and all three con-
sisted of lesions 12–20 mm in length. In contrast,
stenoses shorter than 10 mm were associated with no
lesions or with only single lesions. The length of the
stenoses was significantly correlated with DW imag-
ing abnormalities (P � .0067), but DW imaging ab-
normalities were not correlated with the stenotic rate
(P � .9062).

Ipsilateral DW imaging abnormalities were de-
tected in five of six patients treated with PTA followed
by stent placement. In contrast, only single lesions were
detected after nine procedures involving PTA alone or
primary stent placement alone. Therefore, DW imag-
ing abnormalities appeared more frequently after
PTA followed by stent placement than after PTA
alone or primary stent placement (P � .0110).

Despite these findings, none of the patients expe-
rienced new neurologic deficits related to the
intervention.

Representative Cases
Case 2.—A 58-year-old man with dysarthria and

left hemiparesis was admitted to our hospital. An-
giography revealed an 85% stenosis of the right pe-
trous ICA (Fig 1A). PTA was subsequently per-
formed by using a 2.5 � 20-mm double-lumen balloon
catheter (Maverick PTA balloon; Boston Scientific),
and a 3.0 � 24-mm stent (S-670; Medtronic) was
successfully placed across the lesion. The stenotic
lesion was dilated completely, and the patient did not
experience new neurologic sequelae (Fig 1B). DW
imaging performed after the procedure showed type
C lesions in the right hemisphere (Fig 1C).
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Case 3.—A 68-year-old man with dressing apraxia
was admitted to our hospital. Carotid angiography
showed 76% stenosis of the right petrous ICA (Fig
2A). After PTA with a 3.0 � 15- mm double-lumen
balloon catheter (Gateway PTA balloon; Boston Sci-
entific), we attempted to navigate a 4.5 � 18-mm
stent (Bx-Velocity; Johnson & Johnson) through the
tortuous ICA without success. Therefore, the petrous
ICA was stretched with a stiff guidewire (Stabilizer;
Cordis Endovascular) to allow for successful naviga-
tion of the stent. The stenotic lesion was then fully
dilated, and the patient did not experience any new
neurologic sequelae (Fig 2B). DW imaging after the
procedure showed type C lesions in the right
hemisphere.

Discussion
Relatively few studies have been conducted to in-

vestigate the rate of distal embolism that occurs in the

context of intervention for intracranial atheroscle-
rotic disease. Indeed, we believe this is the first study
to use DW imaging—a technique with high sensitivity
for early detection of ischemic lesions (9)—to char-
acterize the thromboembolic complication rate in the
context of PTA or stent placement or both for intra-
cranial atherosclerotic disease. DW imaging is a di-
agnostic technique with a high sensitivity for early
detection of the ischemic lesions (9), and it can accu-
rately depict insults within 40 minutes, and for at least
5 days after the onset of ischemic stroke (13–16).

In the present study, embolic complications oc-
curred more frequently in the context of PTA fol-
lowed by stent placement for ICA stenoses than in
PTA-treated MCA stenoses or primary stent place-
ment for ICA stenoses. Moreover, the length of ste-
noses was significantly correlated with DW imaging
abnormalities. However, whether the difference in
embolic complication rate is attributable to type of
lesion, the type of treatment, or both is not clear

FIG 1. Case 2.
A and B, Right ICA angiograms. Pretreatment image in A shows long segmental stenosis of the right C4 portion. After stent placement,

image in B shows good dilatation.
C, Postprocedural DW imaging shows type C lesions in the frontal and parietal subcortex.

FIG 2. Case 3. Right ICA angiograms.
A, Pretreatment image shows elon-

gated stenosis of the right C4 portion.
B, After stent placement, image shows

good dilatation.

388 TSUMOTO AJNR: 26, February 2005



because we did not compare PTA with stent place-
ment in the same type of stenosis.

Ten ICA stenoses were treated with stent place-
ment. All lesions were in the C4 or C5 portion of the
ICA, and PTA or stent placement was performed
without protection. Type C lesions were detected in
three cases; all three consisted of stenoses longer than
12 mm. In fact, the relatively long length and tortu-
ousity of the parent vessel made navigation of the
stent difficult, and a stiff guidewire was required to
stretch the tortuous ICA, as described in case 3. In
cases such as this one, PTA or stent placement under
proximal ICA occlusion and aspiration of debris, as
Touho (17) reported, is considered effective in pre-
venting embolic complications—but only when the
ICA stenosis is proximal to the ophthalmic artery.
Otherwise, embolism may not be prevented with
proximal occlusion, because anastomotic flow is still
present from the external carotid artery via the oph-
thalmic artery.

All hyperintense lesions in the present study were
less than 5 mm in diameter. Sakai et al (8) classified
hyperintense lesions after CAS and aneurysmal coil
placement into five groups, and they reported on
lesions larger than 5 mm in diameter after 12 of 154
procedures. Lovblad (7) also reported two cases of
large hyperintense lesions in 19 patients undergoing
CAS. On the basis of these results, it appears that
large embolic lesions occur less frequently in PTA
and stent placement for intracranial atherosclerotic
disease than in CAS. Despite the fact that the intra-
cranial arteries are essentially muscular arteries and
the cervical carotid artery is an elastic artery, athero-
sclerosis can occur in either type of vessel. Ogata et al
(18, 19) reported that plaque rupture or intraplaque
hemorrhage can occur within a cerebral artery in a
manner similar to that in the cervical carotid artery.
However, the smaller diameter of the intracranial
arteries corresponds to a smaller volume of athero-
matous plaque. This may account for the decreased
risk of distal embolism in the context of PTA or stent
placement for intracranial atherosclerotic disease.

Conclusion
PTA or stent placement or both of intracranial

atherosclerotic lesions was considered safe from
our experience of 16 cases. New DW imaging abnor-
malities were seen less frequently in patients who
underwent PTA alone or primary stent placement
than in those who received PTA followed by stent
placement. Particular care should be taken in long
ICA stenoses, because it frequently caused DW im-
aging abnormalities.
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