e

od

Turk Neurosurg, 2020

c
qr

Original Investigation

Received: 09.12.2019
Accepted: 13.03.2020

DOI: 10.5137/1019-5149.JTN.28762-19.2

Published Online: 24.07.2020

Flow Diverter Stents in the Treatment of Cerebral Aneurysms
Less than 5 mm
Erol AKGUL1, Hasan Bilen ONAN2, Sabriye Sennur BILGIN3, Alican TAHTA4, Elmir KHANMAMMADOV5,
Fatma Zeynep GUNGOREN3, Gulhan ERTAN3, Cengiz EROL3, Zeki SEKERCI4
Istanbul Medipol University, International School of Medicine, Department of Radiology, Istanbul, Turkey
Cukurova University, School of Medicine, Department of Radiology, Adana, Turkey
3
Istanbul Medipol University, International School of Medicine, Department of Radiology, Istanbul, Turkey
4
Istanbul Medipol University, International School of Medicine, Department of Neurosurgery, Istanbul, Turkey
5
Istanbul Medipol University, International School of Medicine, Department of Neurology, Istanbul, Turkey
1
2

This study has been presented at the 15th Congress of the World Federation of Therapeutic and Interventional Neuroradiology between 21 and 24 October
2019 at Naples, Italy.

Corresponding author: Erol AKGUL

 akgulerol@gmail.com

ABSTRACT
AIM: To evaluate the safety and efficacy of flow diverter (FD) stents in the treatment of intracranial aneurysms less than 5 mm.
MATERIAL and METHODS: We treated 66 aneurysms in 43 patients with aneurysms less than 5 mm. Of the patients, 29 were
females and 14 males (mean age: 50.2 years). Headache was the most frequent symptom. In 8 patients the aneurysms were
recanalized and these had been treated with coils or stent-assisted coiling. All aneurysms were in the anterior circulation. In the
treatment, one of the SILK, Pipeline, Derivo or FRED FD stents was used for each patient. Neurointerventional stent medication
(double antiplatelet) was used. All patients were investigated for new ischemic lesions with diffusion-weighted imaging one day later.
The first follow-up angiogram was planned 3-6 months later.
RESULTS: The treatment was technically successful in all patients. Minor complications occurred in 3 patients (7%). In one patient,
thrombus inside the SILK was seen and was relieved with tirofiban. The second patient bled from the right common femoral artery
entrance, which was operated on. In the third patient, the complication was technical. All patients were discharged without any
neurological deficit. The mean follow-up period was 26 (6-52) months. Of the aneurysms, 64 (97.0%) were completely closed.
CONCLUSION: The FD treatment of cerebral, anterior circulation small aneurysms less than 5 mm is effective and safe.
KEYWORDS: Cerebral aneurysm, Endovascular treatment, Flow diverter
ABBREVIATIONS: FD: Flow diverter, ICA: Internal carotid artery, PED: Pipeline embolization device, SAH: Subarachnoid
hemorrhage, ACT: Serum-activated coagulation time, CT: Computed tomography, MCA: Middle cerebral artery, ACA: Anterior
cerebral artery, ACOM: Anterior communicating artery
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INTRODUCTION

B

ig, wide-necked, and fusiform cerebral aneurysm
treatment with flow diverter (FD) stents is a milestone
in interventional neuroradiology. The high rate of
successful treatment, low rate of aneurysm recanalization,
easy insertion, and short duration of procedure mean that FDs
are preferred as the first choice of treatment. The efficacy and
safety of FD treatment of these aneurysms have resulted in its
widespread use for all kinds of aneurysms, including ruptured
or unruptured small or blister-like ones, which are difficult to
treat (4,6,8,9,13,16,19,23,27,30).
We evaluated the safety and efficacy of FD stents by analyzing
the procedural complications, angiographic results, and
clinical outcomes in the treatment of intracranial aneurysms of
less than 5 mm with certain indications.

█

MATERIAL and METHODS

In this retrospective study, we treated 66 aneurysms less
than 5 mm in size in 43 patients. The Institutional Ethics
Committee approved the study (Date: 19.02.2020; No: 191).
Written and signed informed consent was obtained from
each patient. Of the patients in the study, 29 were females
and 14 males (mean age: 50.2 years). We treated small
aneurysms in patients with headache, ophthalmoplegia,
or subarachnoid hemorrhage (SAH) (in late phase), and the
ruptured or unruptured aneurysms larger than 5 mm were
surgically or endovascularly managed, but their recanalization
size was less than 5 mm. Only 8 aneurysms were incidentally
detected, but they were associated with the additional larger
aneurysms treated endovascularly or surgically. An internal
carotid artery (ICA) cavernous small aneurysm associated
with other parophthalmic aneurysms was treated. Headache
was the most frequent symptom. In 8 patients, the aneurysms
were recanalized, and these had been treated with coils only
(4 aneurysms) or stent-assisted coiling (4 aneurysms). In one
patient with SAH, the ophthalmic aneurysm was treated with
Derivo one month after hemorrhage. All aneurysms were in
the anterior circulation. Of 66 aneurysms, 6 were beyond the
ICA bifurcation. In the treatment, only one of the brands [SILK,
Balt, Montmorency, France; Pipeline Embolization Device
(PED), Medtronic Covidien AG, Paris, France; Derivo, Acandis,
Pforzheim, Germany; Surpass, Stryker Neuroendovascular,
Kalamazoo, MI, USA; or FRED, Microvention Terumo, Tustin,
CA, USA] was used for each patient. Table I reveals the
demographic and clinical data of the study population.
Endovascular Technique
After general anesthesia, access to the ICA was gained
using neurovascular long introducers and distal accessguiding catheters. Before insertion of the FD, if coiling was
planned, embolization was performed via a microcatheter
with or without use of an aneurysm neck-remodeling balloon.
A microcatheter, which is suitable to deploy the chosen FD,
was inserted in the parent artery using a 0.014 or 0.016 micro
guidewire, the distal end of the microcatheter passing the
aneurysm neck by about 2 or 3 cm. Then the FD was deployed
to cover the neck of the aneurysm. Correct expansion of the
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FD was detected under fluoroscopy, and a remodeling balloon
was applied to provide proper apposition of the stent to the
vessel wall in case of improper apposition. Table II shows the
procedural data.
Table I: Patient Data and Aneurysm Characteristics

Value

n (%)

Total number of patients

43 (100)

Sex
Male

29 (67.4)

Female

14 (32.6)

Age (years)

Mean (min-max)
50.2 (25-73)

Presentation

n (%)

symptomatic small aneurysms

14 (32.6)

other treated bigger aneurysms

20 (46.5)

recanalization

8 (18.6)

recanalization and small aneurysms

1 (2.3)

Symptoms
Headache

24 (55.8)

Incidental (associated with bigger
aneurysms)

8 (18.6)

Recanalization during follow-up

8 (18.6)

Neurologic deficit

2 (4.7)

SAH

1 (2.3)

Total aneurysms treated

66

Patients’ aneurysm number
1

25 (58.2)

2

13 (30.2)

3

4 (9.3)

4

1 (2.3)

Aneurysm location
MCA

4 (6.1)

ACA

1 (1.5)

ACOM

1 (1.5)

ICA terminal

27 (40.9)

ICA ophthalmic

30 (45.5)

ICA cavernous

3 (4.5)

SAH: Subarachnoid hemorrhage, MCA: Middle cerebral artery,
ACA: Anterior cerebral artery, ACOM: Anterior communicating artery,
ICA: Internal carotid artery.
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Table II: Procedural Parameters and Statistical Data

Value

n (%)

Treated aneurysm

66 (100)

Total FD used

46

SILK

24 (52.2)

Derivo

9 (19.6)

Pipeline

7 (15.2)

Surpass

4 (8.7)

FRED

2 (4.3)

Technical success

43 (100)
Mean

Number of FD per case

1.1

Number of FD per aneurysm

0.7

Follow-up duration (months)
Value

6-52 (26)
n (%)

Closure
Complete
Incomplete

2 (3.0)

Complications

3 (7.0)

Technical

1 (2.3)

Clinical

2 (4.6)

Periprocedural (<24 hours)

1

Asymptomatic ischemia

1

Mild neurologic deficit

0

Severe neurologic deficit

0

Permanent neurological deficit

0

Mortality

0

FD: Flow diverter.

Medication
Intracranial stent medication was accomplished. Double
antiplatelet medicines (acetylsalicylic acid and clopidogrel)
were administered 7–10 days before the treatment. In case of
resistance, aspirin dosage was increased, and clopidogrel was
replaced by ticlopidine, ticagrelor, or prasugrel. The aspirin
was ordered to be continued indefinitely, and clopidogrel or
ticlopidine was discontinued after 6 months in patients over
50 years old. If a problem arose concerning aspirin sensitivity
or gastrointestinal intolerance, aspirin was discontinued, and
lifetime usage of other antiplatelet medicine was ordered. If
the patient was under 50 years old, the duration of the total
usage of antiplatelet medicine was planned as 3–4 years.

After entering the femoral artery, 5000 IU heparin was given
intravenously, maintaining 2 or 3 times the baseline value, and
the serum-activated coagulation time (ACT) was controlled.
During the procedure, 1000 IU or more of heparin was
administered per hour to maintain the ACT level as stable.
After the procedure, 750–1000 IU/h heparin was infused for 24
hours. Low-molecular heparin (1 or 2 x 0.4–0.6 ml) was given
subcutaneously for 1–5 days after IV heparin.
Follow-up
After the procedure, flat panel computed tomography (CT) was
done to find out any procedural hemorrhagic complications.
All patients were investigated for any ischemic focus with
diffusion-weighted imaging one day later. The first and second
follow-up angiograms were planned for 3-6 and 9-18 months
later respectively.
█

RESULTS

The treatment was technically successful in all patients. In 3
patients, two FDs were used. Two patients had aneurysms
bilaterally, and in another patient, the FD (Surpass) caused
angulation of the middle cerebral artery. This angulation was
treated with a second Surpass placed distally. The most used
FD was the SILK (52.2%), and the second was the Derivo
FD (19.6%). The number of FDs per case was 1.1, and the
number of FDs per aneurysm was 0.7 (Table II).
Minor complications occurred in 3 patients (7%). In one
patient, thrombus inside SILK was seen, which was relieved
with tirofiban. However, some asymptomatic acute focal
small ischemic lesions were seen on follow-up magnetic
resonance imaging (MRI). The second patient bled from the
right common femoral artery entrance, which was operated
on. In the third patient, complication was technical. The Derivo
FD was stuck in the microcatheter during insertion, so a new
Derivo was inserted. Hemorrhagic complication was not seen
on CT performed immediately after the procedure. All patients
were sent home without any neurological deficit.
The mean follow-up period was 26 (6–52) months. Of the
66 aneurysms, 64 (97.0%) were completely closed (Table
III). In the other 2 patients, 2 aneurysms were still filling at
their follow-up angiographies. One of the patients had 2 ICA
ophthalmic segment small aneurysms located on the anterior
and posterior wall and was treated with a SILK FD. A 48-month
angiogram revealed that the anterior wall aneurysm was still
filling, while the other one was completely closed. In the other
patient, a recanalized aneurysm previously treated with stentassisted [Enterprise: Codman Neurovascular, Inc., Raynham,
MA, USA (formerly Cordis, Johnson and Johnson Medical,
Miami, FL, USA)] coiling was treated with a SILK FD device,
and the aneurysm was still filling at the 18-month angiography.
Figures 1A-D; 2A, B; 3A-D show a representative case.
█

DISCUSSION

Because the usage of FDs in the treatment of intracranial
complex, wide-necked big and giant, and fusiform aneurysms
has been highly effective and safe, many studies showing
Turk Neurosurg, 2020 | 3
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the feasibility and effectivity of the FDs in the treatment
of nearly all kinds of aneurysms, ruptured or unruptured,
located proximal or distal to ICA bifurcation, or either in the
anterior or posterior circulation, have appeared in recent
years (6,7,10,13,17,23,24,26,27,30,31). Those aneurysms
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Figure 1: A 49-year-old
patient suffering from
headache was evaluated
with digital subtraction
angiography and 2 small
aneurysms (A-D) of the
left internal carotid artery
ophthalmic segment (black
arrows, A-C) and anterior
choroidal artery (white
arrows, A-D) were seen.

Figure 2: A Derivo
flow diverter stent was
implanted (A and B).

treated with FDs also include blister aneurysms. Surgical
procedures or conventional endovascular treatment of blister
aneurysms is challenging, but their treatment with FDs has
provided satisfactory advancement by reducing the morbidity
and mortality (12,23,29). The FD technique relies on the
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endoluminal reconstruction concept of the parent artery and
the exclusion of the aneurysm from the blood flow. The flow
stasis inside the aneurysm causes an inflammatory reaction,
followed by thrombosis and healing of the aneurysm, while the
stent helps with neointimal proliferation and remodeling of the
parent vessel (2).
Treatment indications of small unruptured aneurysms are not
clearly defined. Although their natural course is unclear, the
annual rupture risk is extremely low. However, once rupture
occurs, morbimortality is extremely high. No conflict exists
regarding decision-making for patients with large or small
ruptured aneurysms needing to be treated, given the high
risk of re-rupture within the first days and weeks (11,22,25).
That said, timing or indications of treatment of the unruptured
small aneurysms is not defined. Burkhardt et al. (11) reviewed
the current evidence for the management of unruptured
small cerebral aneurysms, recommending treatment of small
unruptured aneurysms in case of being symptomatic, lower
treatment risk than rupture risk including an SAH from another
ruptured aneurysm, family history (first degree), and any
related genetic disease. Aneurysm features, such as anatomic
location, a borderline size (5–7 mm), and aneurysm shape
with blebs or multiple lobules, were conditions for which
management was favored. The researchers considered the
patients’ age and decided in favor of aneurysm treatment

Figure 3: The 3- (A-C) and
9-month (D) angiography
showed complete closure of
2 aneurysms. Although the
aneurysm had disappeared,
the anterior choroidal artery
was still patent (black and
white arrows, A-D).

if the patients were under 50 and in favor of clinical followup if over 70. In our study, all treated aneurysms caused
symptoms or were associated with other aneurysms that
were endovascularly or surgically treated or were recanalized
after clipping or embolization. The symptoms of the patients
in our study were headache, ophthalmoplegia, and SAH
(treated in late phase). Only 8 aneurysms were incidentally
detected, but they were associated with the additional larger
aneurysms treated endovascularly or surgically. Of 3 patients
over 70 years old, only 2 had symptoms: One had speaking
disturbance, and the other had headache and 2 aneurysms of
the ICA ophthalmic and cavernous segment. The third patient
was treated for unruptured middle cerebral artery bifurcation
aneurysm with Y-stenting technique and had a 5 mm small
unruptured aneurysm.
The optimal management of these small aneurysms remains
uncertain despite the appearance of the new less invasive
endovascular and microsurgical treatment techniques.
Coiling with or without a device-assisted technique in the
management of these small aneurysms was the preferred
technique before FD devices. The rates of leaving remnant
and recanalization are high in these aneurysms’ treatment.
Periprocedural complications are also not inconsiderable
(3,20,25,32). Oishi et al. reported that 481 small (<10 mm)
asymptomatic and unruptured aneurysms were treated with or
Turk Neurosurg, 2020 | 5
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without balloon-assisted coiling. In their study, the immediate
complete occlusion rate was 64.2%. Procedure-related
complications were seen in 38 patients (7.6%), but permanent
morbidity (0.8%) and mortality (0.2%) were extremely low. In
contrast, the recanalization rate was high in 427 aneurysms
for which a conventional or MR angiographic follow-up was
performed at >6 months (n=72, 16.9%). Retreatment was
performed in 9.9% of aneurysms. The authors concluded
that even though the role of endovascular treatment as a
prophylactic therapy remained controversial, endovascular
treatment of small asymptomatic unruptured aneurysms was
highly effective and safe with low morbimortality rates (25).
In Loumiotis et al’s study including 65 patients with 69 small
aneurysms (<10 mm), treated with only coiling, balloon-, or
stent-assisted coiling, FD (only in one), or only stent (only in
one), the immediate occlusion rate was 25.6% and the final
occlusion rate was 48.8%. A periprocedural complication was
seen in 6 patients (9.2%), permanent morbidity in one, and
mortality in another patient. A late complication that resulted
in a permanent neurologic deficit was seen in one patient (20).
In their meta-analysis, Yamaki et al. analyzed 22 studies with
1105 small (≤3 mm) aneurysms, including 844 ruptured and
261 unruptured endovascularly treated ones. Postprocedural
and long-term complete occlusion were obtained in 85%
and 91% of these aneurysms, respectively. The rate of
recanalization was 6%, and retreatment was conducted in
7% of cases. Seventy-nine percent of patients’ neurologic
outcome was good at long-term follow-up. Rupture during the
procedure occurred in 7% of the embolizations, while embolic
complications were seen in 4%. The researchers concluded
that extremely small cerebral aneurysm embolization with coil
could be safe and effective. Procedure-related complications
were considerable in the unruptured aneurysms (32).
In recent reports, treatment of small aneurysms with FDs
has been shown to be feasible and effective (8,9,13,14,33).
However, experience remains limited. Lin et al. (19) treated 53
ICA aneurysms smaller than 10 mm with PED in 41 patients.
PED was successfully placed in 42 of 44 treatments (95.5%).
Though major complications were seen in one patient (2.3%),
who died due to early SAH, minor complications occurred in 3
patients (6.9%). These were transient neurological deficits, late
asymptomatic intracerebral hemorrhage, and delayed groin
infection. Complete or near-complete aneurysm occlusion
at 6-month follow-up angiography was seen in 80%. The
number of PEDs implanted per treatment was 1.1. One PED
was implanted in 37 (88.1%) treatments, and 2 PEDs were
implanted in 5 (11.9%) treatments. In their meta-analysis, Yao
et al. analyzed 10 observational studies. The rate of complete
aneurysm occlusion was 84.23%. The mortality and morbidity
rates, including intracerebral hemorrhage, ischemia, and
SAH, were 0.87% and 5.22%, respectively. The permanent
morbidity (procedure-related) was 2.41% (33). In their study
including 104 patients, Pumar et al. assessed retrospectively
the safety and efficacy of the SILK FD in the treatment of 109
small unruptured cerebral aneurysms less than 10 mm. A total
of 44 patients were symptomatic (42.3%), and 102 aneurysms
(93.6%) were in the anterior circulation. At 6 months, the
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neurologic morbidity and mortality rates were 2.9% and
0.9%, respectively. The 12-month follow-up imaging revealed
complete occlusion, residual neck, and residual aneurysm in
88.5%, 7.7%, and 3.3% of 78 cases, respectively (27).
In our study group, 64 of the 66 aneurysms (97.0%) were
completely closed during the mean follow-up period of 26
(6–52) months. Minor complications, one technical and two
clinical, were seen in 3 patients (7%) without any permanent
neurologic defisicits. No mortality was seen. Amongst our
patients, only one patient’s aneurysm was ruptured, and this
aneurysm was treated one month later, not in the acute phase.
Thus, we can assume that all aneurysms in our study were
unruptured during treatment.
Another indication of the aneurysm treatment with FD is the
remnant or recanalization of the aneurysms previously clipped
or endovascularly treated with other techniques beyond
FD (1,5,15,18,21,28). Schwartz et al. treated 6 patients
with recurrent aneurysms that were previously clipped and
encountered no periprocedural morbidity or mortality. They
concluded that endovascular treatment with FD in those
patients was a feasible treatment with low risk and might
prevent the risks of resurgery (28). Daou et al., Kühn et al.
and Bender et al. treated recurrent or remnant aneurysms
after surgical clipping or endovascular treatment with Pipeline
FD and reported that the management of these aneurysms
with FD is feasible, safe, and effective (5,15,18). In our
study, there were 8 recanalized aneurysms less than 5 mm
in 8 patients. Of these aneurysms, 4 had been treated with
stent-assisted coiling. A patient with ICA ophthalmic segment
aneurysm treated with an Enterprise stent and coil displayed
recanalization. This aneurysm, treated with SILK FD, was still
filling at the 18-month follow-up angiography. However, other
recanalized aneurysms treated with coiling or stent-assisted
coiling were completely closed during the follow-up.
Study Limitations
Our study has some limitations: It is retrospective, and there
is no control group. Even though the patients’ symptoms and
treatment indications were inhomogeneous, all aneurysms
were considered together. Additionally, FD stents used in the
treatment were of different brands. That said, it should not
be forgotten that all FDs used in cerebral aneurysm treatment
have been reported to have similar efficacy and safety in the
literature (2,9,13,27).
█

CONCLUSION

FD stents are effective and safe in the treatment of intracranial,
anterior circulation small aneurysms less than 5 mm in size.
The treatments of these aneurysms have high complete
occlusion rates, and the complication rates are low. The FD
indications for small intracranial aneurysm treatment can be
extended. Even though there are many benefits of treating
small symptomatic or asymptomatic incidental or recanalized
intracranial aneurysms, in some incidences, there may be
risks in the treatment of such aneurysms. This can be clarified
through some long-term randomized clinical trials.
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