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ture and discuss our preferred approach, when-
ever feasible, of a fully endovascular single pro-
cedure.

Methods

We searched our database for patients re-
ferred for carotid angioplasty or stenting from
1995 to 2008 who had concomitant significant
extracranial carotid stenosis and at least one in-
tracranial aneurysm.

Patient Population
From 1995 to 2008 we performed 277 carotid

angioplasties in 269 patients. Patients were re-
ferred for diagnostic angiography after exten-
sive neurological investigation and non-inva-
sive carotid doppler sonography. Treatment cri-
teria, according to current approved guidelines,
included asymptomatic patients with stenosis
greater than 80% or greater than 60% for sym-
ptomatic patients. Stenosis grade was assessed
according to NASCET criteria.

Case 1: A 45-year-old woman who suffered a
left middle cerebral artery stroke that was
found on angiography to have a preocclusive
(98%) left internal carotid artery stenosis as
well as an ipsilateral carotid-ophthalmic aneur-
ysm measuring 5 mm. Combined endovascular
treatment was planned and achieved success-
fully (Figure 1).

Summary

Angioplasty and stenting are emerging alter-
native treatments to endarterectomy for carotid
stenosis. The increasing number of procedures
performed carries an increased diagnosis rate of
associated asymptomatic intracranial aneur-
ysms, resulting in a clinical and therapeutic di-
lemma, not fully solved in the literature. When
an incidental lesion is found, the first question is
whether it is necessary to treat it or not? If treat-
ment is decided, the next question is which
should be treated first, the intra or the extracra-
nial lesion?

We review our experience and the literature
and discuss our preferred approach of single-
procedure carotid stenting and aneurysm coil-
ing, which we believe is feasible, safe and effec-
tive constituting an option when confronted with
this difficult therapeutic dilemma.

Introduction

Endovascular procedures constitute an
emerging alternative treatment for extracranial
carotid pathology that has resulted in an in-
creased detection rate of asymptomatic in-
tracranial aneurysms.

This retrospective study analyzes the experi-
ence in our Centre in patients with concomi-
tant asymptomatic intracranial aneurysms and
cervical carotid stenosis. We review the litera-
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Case 2: A 63-year-old man studied after an
episode of amaurosis fugax proved to have on
angiography an 80% stenosis in the left carotid
bulb as well as a incidental 2 mm ipsilateral
posterior communicating artery aneurysm.
Carotid angioplasty and stenting were initially
performed without associated therapy on the
aneurysm. An angiographic study performed
six months after the carotid angioplasty
showed changes in the intracranial circulation
with opacification of the left anterior cerebral
artery and posterior cerebral artery whereas
previously the flow was inverted in the latter,
an appearance in keeping with morphologic
changes in the known aneurysm (Figure 2).

Case 3: A 71-year-old man with a history of
right-sided carotid transient ischaemic attacks
(TIAs) was found to have on angiography a
95% stenosis in the carotid bulb without associ-
ated intracranial lesions. Carotid angioplasty
and stenting were performed without compli-
cations. One month after the procedure the pa-
tient was taken to the emergency department
in deep coma and massive subarachnoid bleed
was demonstrated on CT. Urgent angiography
showed a polylobulated anterior communicat-
ing aneurysm measuring approximately 3 mm.
the patient suffered a cardiac arrest in the op-
erating room before coiling could be achieved.

Case 4: A 51-year-old man with previous
right-sided carotid TIAs with a proven 95%
stenosis on angiography. Additionally a 4 mm

saccular anterior communicating artery aneur-
ysm was demonstrated. Single procedure com-
bined endovascular treatment was performed
without any complications.

Case 5: A 76-year-old woman with a left
basal ganglia infarct was found on angiography
to have a 90% stenosis in the left internal
carotid artery as well as a 7 mm posterior com-
municating artery aneurysm coincident with a
foetal type left posterior cerebral artery. A
combined endovascular procedures was per-
formed successfully (Figure 4).

Case 6: A 62-year-old woman with a history
of controlled advanced breast carcinoma was
being investigated for persistent headaches. A
magnetic resonance examination disclosed an
incidental aneurysm. Diagnostic angiography
showed incidental aneurysms in the right mid-
dle cerebral artery bifurcation and right anteri-
or choroidal artery origin respectively as well
as a 90% stenosis in the right carotid bulb.
Carotid angioplasty and stenting followed by
choroidal aneurysm coiling was performed suc-
cessfully. Unfavourable configuration of the
middle cerebral artery with angular branch
originating from the sac precluded endovascu-
lar treatment. Despite the feasibility of
aneurysm clipping, the patient refused to un-
dergo any further treatment.

Case 7: A 56-year-old man suffering from
right-sided TIAs was found to have an 80%

Table 1  Summary of epidemiology data from our cases.

Patient Sex Age Location of % Carotid Location Size of
ATP+Stent stenosis aneurysm

1 F 45 left 98% left carotid-ophthalmic artery 5 mm

2 M 63 left 80% left posterior communicating artery 2 mm

3 F 45 left 98% left carotid-ophthalmic artery 5 mm

4 M 51 right 95% anterior communicating artery 4 mm

5 F 76 left 90% left posterior communicating artery 7 mm

6 F 62 right 90% right anterior choroidal artery 3 mm

6 F 62 right 90% right middle cerebral artery bifurcation 10 mm

7 M 56 right 80% anterior communicating artery 6 mm

(M: male, F: female) (ANT.COM: anterior communicating artery; POST.COM: posterior communicating artery;
ANT. Choroidal: anterior choroidal artery; MCA: middle cerebral artery).
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Figure 1 Case 1: a 45-year-old female with 98% stenosis in the left internal carotid artery with an ipsilateral incidental
carotid-ophthalmic aneurysm measuring 5 mm (A,C). A single procedure combined endovascular treatment was planned. A
satisfactory carotid revascularization (B, Protective filter device is present (arrow)) as complete aneurysmal sac exclusion (D
intermediate and final (E, F) series) were achieved.

Figure 2 Case 2: a 63-year-old male with 80% stenosis in the left carotid bulb as well as an ipsilateral posterior communi-
cating artery measuring 2 mm. (A,C). Carotid angioplasty and stenting were performed successfully (B). At that time the
aneurysm was considered too small to require treatment. A follow-up angiographic performed 6 months after carotid repair
showed haemodynamic changes in intracranial circulation with opacification of the anterior cerebral artery (E, arrow) and
posterior cerebral artery where as in the previous angiogram there was inversion of flow in the posterior communicating
artery (E, star), facts that resulted in changes in the configuration of the aneurysm morphology (E).
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stenosis in the right carotid bulb as well as a 6
mm saccular aneurysm in the anterior commu-
nicating artery. A combined endovascular pro-
cedure was performed successfully.

Procedure
Therapeutic procedures were performed by

two neuroradiologists from our Unit with pa-
tients under conscious sedation and monitored
by an anaesthetist. All the procedures were
performed after a diagnostic angiography con-
firmed the carotid stenosis diagnosed by non-
invasive techniques (ultrasound doppler or
magnetic resonance angiography). This study
was used to plan the treatment and choose the
required material.

Carotid revascularization was done accord-
ing to the standardized routine in our Unit
which includes the following steps: 1) Distal

protective device placement at C1-2 vertebral
body level after crossing the stenosis. 2) De-
pending upon the severity of the stenosis,
predilatation with a small diameter balloon is
performed prior to stenting. 3) Stent deploy-
ment. 4) Balloon angioplasty is done whenever
required to achieve full stent expansion. 5) Pro-
tective distal filter removal.

Using the same sheath, the stent is crossed
with a 1.8 F microcatheter and its distal end is
placed superselectively into the aneurysm sac
which is occluded with GDC coils. Rarely the
stent has to be crossed with the sheath due to
lack of sufficient support.

Follow-up
Patients were evaluated clinically before,

during and immediately after the procedure as
well as one and six months afterwards. Besides

Figure 3 Case 3: A 71-year-old female with a high-grade stenosis in the right carotid bulb without associated intracranial le-
sions (A,C,D). Angioplasty and stenting were performed successfully (B). One month later the patient was admitted to emer-
gency with a subarachnoid haemorrhage (E). An urgent angiogram showed a polylobulated aneurysm in the anterior com-
municating artery (F,G) that retrospectively could be identified as a minimal irregularity in the previous angiogram (C,D).
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systemic heparinization during the procedure,
all patients had received a double anti-platelet
regime with aspirin and clopidogrel that was
continued for a month after treatment.

Results

Seven patients were identified retrospective-
ly in our database (three men and four women
aged between 45 and 76 years (average 65.7
yrs) with concomitant high-grade extracranial
carotid stenosis and cerebral aneurysms. One
patient had two lesions, making a total of eight
aneurysms which results in an incidence of ap-
proximately 2.6% of the carotid stenosis treat-
ed (n = 277) during the study period.

Five of the eight aneurysms were located in
the same vessel as the stenosis. Three of the
eight aneurysms originated in the anterior

communicating artery. Aneurysm size ranged
from 2 to 10 mm (see Table 1 for details).

Carotid stenotic severity ranged from 80 to
98% of the lumen size. Six of the seven patients
had a history of neurologic ischaemic events
(four transient ischaemic attacks (TIAs) and
two brain infarcts). One of the cases was an
asymptomatic carotid stenosis (Case 6).

Angiographic follow-up studies performed
six months after the treatment did not show
any sign of restenosis.

Discussion

Angioplasty and stenting are emerging alter-
natives to endarterectomy for the treatment of
extracranial carotid stenosis. Increased en-
dovascular procedures with full cranial vascu-
lar evaluation detect further asymptomatic in-

Figure 4 Case 5: A 76-year-old female with 90% left internal carotid artery stenosis (A) and a 7 mm left posterior commu-
nicating artery aneurysm with an adjacent foetal-type posterior cerebral artery (C). A combined endovascular treatment was
successfully performed with vascular revascularization (B) and aneurysm exclusion (D).
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tracranial lesions. When diagnosed, a dilemma
results as to whether to treat this lesion or not
and if so, which of the lesions, the carotid steno-
sis or the intracranial lesion should be treated
first. To our knowledge this question is still not
definitively clarified in the literature. Accord-
ing to literature concomitant significant carotid
stenosis and intracranial lesions are present in
2.8 to 5% of treated patients, an incidence
slightly higher than that found in our series 1,2.

The first decision to be made when confront-
ed with a concomitant lesion is whether there is
a need to treat an asymptomatic intracranial
aneurysm as no definitive consensus is present
in the literature in this matter. Natural history
studies have shown location and size as risk
factors for rupture. However facts are not
clear-cut as aneurysms larger than 10 millime-
tres lesion are associated with an increased risk
of rupture but contrary to what one would ex-
pect most cases of aneurysmal subarachnoid
haemorrhage are due to small aneurysms (3-4
mm). An overall yearly rupture risk of 1-2% is
accepted with an estimated mortality risk in the
case of rupture of 50% of cases 3,4.

The patient’s age is therefore an important
element in clinical decision-making. Some stud-
ies have shown no statistically significant bene-
fit in repairing an aneurysm related to surgical
risks in patients with a life expectancy of less
than 15 to 35 years 5,6. This becomes even more
problematic in the population of our study as
most cases of significant carotid stenosis occur
in elderly patients as in our group with an aver-
age age of 65 years.

However, this risk analysis does not consider
the intracranial haemodynamic changes that
occur after carotid repair. Increased carotid
flow can change the size and morphology of the
intracranial aneurysm increasing the risk of
rupture. Cases 2 and 3, illustrated in the figures,
are example of these changes. In Case 3 we be-
lieve hemodynamic changes were responsible
for aneurysm rupture and death of the patient.

Some authors favour a conservative ap-
proach as concomitant lesions are rare and still
carry a low risk of rupture resulting in an over-
all apparent benign natural history with a low
incidence of complications. Isolated carotid re-
pair appears a safe alternative in aneurysms
smaller than 10 mm with a low risk of aneur-
ysm rupture in the immediate post-operative
period. In this context we have a patient with a
successfully revascularized carotid where one

aneurysm was left untreated due to patient’s
refusal to undergo brain surgery that has re-
mained stable on 12 months of follow-up 4,8.

Our experience, not necessarily transferable
to other centres, is probably influenced by pre-
vious fatal events, as in Case 3, and our low rate
of treatment morbi-mortality leading us to try
aneurysm coiling whenever it is technically fea-
sible.If decided to treat the second question
that arises is which lesion should be treated
first. Surgical treatment of a cerebral aneurysm
in low-flow state secondary to carotid stenosis
carries an increased risk of ischaemic events,
especially if temporary vascular clips are re-
quired during the procedure.

On the other hand, revascularization of a
long-standing carotid stenosis that has pro-
voked compensatory intracranial vasodilatory
changes to compensate the low-flow status
could result in abrupt haemodynamic changes
that could negatively influence the aneurysm
and result in a catastrophic rupture in the set-
ting of the anticoagulation and anti-platelet
regime used for the carotid repair.

Most reports in the literature from the 1980s
show a tendency to treat the carotid pathology
only as this was the reason for consultation
postponing or avoiding treatment of the aneur-
ysms. Recent reports have shown a more ag-
gressive approach undertaking the treatment
of both lesions especially in aneurysms larger
than 4-5 mm, possibly influenced by the natur-
al history of the disease and increased expertise
of the surgical teams 7.

In the surgical references reviewed whenev-
er a combined treatment was performed, caro-
tid endarterectomy preceded aneurysm surgi-
cal clipping in most cases. However some au-
thors 7 disagree with this approach and favour
clipping the brain aneurysm first as the
aneurysmal sac pressure is equivalent to mean
systemic blood pressure and there is concern
that turbulence within the aneurysm can in-
crease if severe carotid stenosis is repaired and
rupture the aneurysm.

Our experience has led us to try to treat both
lesions simultaneously. The endovascular route
is the best suited for a combined treatment of
both lesions, reducing the time the aneurysm is
exposed to the haemodynamic changes after
carotid revascularization. Vascular instability
after endarterectomy occurs in approximately
40% of cases with hypertensive peaks that are
difficult to control with medical therapy and in-
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duce a significant stress on the intracranial vas-
cular tree. Although haemodynamic instability
also occurs after carotid stenting, hypotension
is a more common problem and hypertensive
peaks are only encountered infrequently. This
probably constitutes an additional reason to in-
dicate an endovascular repairing technique.

Conclusions

Combined endovascular treatment of ex-
tracranial carotid stenosis and intracranial
aneurysms is feasible, safe and effective, and is
our preferred option when confronted with this
difficult clinical scenario.
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