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Summary

A flow-diverting stent such as the Pipeline em-
bolization device (PED, ev3 Endovascular, Ply-
mouth, MN, USA) and Silk flow-diverting stent
(Balt Extrusion, Montmorency, France) offers an
acceptable alternative for the treatment of diffi-
cult aneurysms according to their morphologies,
including giant, wide-necked, fusiform, and blis-
ter types. However, complications arising from
the use of these stents have frequently been re-
ported including several cases of branch artery
occlusion and delayed occlusion of the stented
parent vessel shortly after antiplatelet medica-
tions were discontinued, highlighting the poten-
tial need for long-term antiplatelet therapy, and
disastrous bleeding complications in unruptured
aneurysm. In addition, these microcell stents are
difficult to use in distal aneurysms located over
the ICA bifurcation and basilar tip because of the
stiffness of the device, and perforating vessel oc-
clusion is more likely to occur due to the charac-
teristics of the stent. Before the era of flow-divert-
ing microcell stents, large cell intracranial stents
like the Neuroform stent (Boston Scientific/Tar-
get Therapeutic, Fremont, CA, USA) and Enter-
prise stent (Cordis Neurovascular, Miami, FL,
USA) without coiling were used to provide flow-
diverting effects for complex intracranial aneu-
rysms. Sole stenting has been used even in cases
of ruptured aneurysm, with patients on different
antiplatelet medications. However, no single en-
dovascular institute has embraced sole stenting
using large cell intracranial stents as a systemized
treatment for ruptured intracranial aneurysms.
Here we designed this study to evaluate the pos-
sibility of safely treating very small aneurysms

using one or two stents without coiling during the
period of subarachnoid hemorrhage (SAH). This
retrospective study was conducted with eight pa-
tients who had rupture of very small intracranial
aneurysms (less than 3 mm in size). All were
treated using the Neuroform and the Enterprise
stents; there was single stenting in five, in-stent tel-
escopic stenting in two, and Y-configured stenting
in one. The angiographic results with clinical out-
comes were collected and analyzed. Complete
aneurysm obliteration was observed in three cas-
es, and size reduction or stable angiographic
findings was found in five cases on the last fol-
low-up angiography. No growing aneurysm or
rebleeding was found on any follow-up angiog-
raphy. Thromboembolic complications were
found in one patient. It is difficult to make con-
clusions on the long-term efficacy of this tech-
nique with such a small number of cases, howev-
er sole stenting with a large cell intracranial stent
for the treatment of very small aneurysms may be
used safely as an alternative treatment even dur-
ing an episode of SAH.

Introduction

Very small ruptured intracranial aneurysms,
including blood-blister like aneurysms, are un-
doubtedly one of the most challenging morpho-
logical and pathological entities to be treated.
Although advances in endovascular techniques
have allowed the treatment of many aneurysms
previously considered extremely high-risk or in-
operable, there remains a significant percentage
of aneurysms for which any treatment, endovas-
cular or surgical, carries substantial risks '2.
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The treatment of very small ruptured aneu-
rysms is a problem that often has no optimal
solution. We describe eight cases of such aneu-
rysms which were successfully treated with sole
stenting using one or two large cell intracranial
stents, and evaluate the possibility and safety of
stent monotherapy without coiling in the peri-
od of subarachnoid hemorrhage (SAH).

Materials and Methods
Patients and evaluation

We performed a retrospective review of eight
cases of sole stenting for very small intracranial
aneurysms that had ruptured at our institution
by July 2012 for the evaluation of the angio-
graphic and clinical effectiveness. Ruptures that
occurred from procedures unrelated to stenting
were excluded from this study. All the aneurysms
were of very small size, less than 3 mm on digital
subtraction angiography (DSA), and were in
various locations of the cerebral circulation. The
neck to dome ratio was over one in all cases. The
aneurysms were too small and shallow to allow
coil embolization or neck clipping to be done ad-
equately. The aneurysm size and location, stents
used, procedural complications, initial and fol-
low-up angiographic classification, clinical status
by the Hunt and Hess grading system and final
outcome were recorded (Table 1). The O’Kelly-
Marotta (OKM) grading scale 3 was used for the
evaluation of the angiographic results.

Table 1 Summary of cases

The aneurysms were deemed at the time of
the initial treatment to be too small to safely
retain a coil inside, even after placement of the
stents. Therefore, the patients were treated with
endovascular stent placement, using one or two
large cell stents such as the Neuroform stent
(Boston Scientific, Natick, MA, USA) and/or
the Enterprise stent (Cordis Endovascular, Mi-
ami Lakes, FL, USA). All patients were recom-
mended to undergo short-term follow-up angi-
ography within two to four weeks after the pro-
cedure. Then, our protocol was to perform an-
giographic follow-up at intervals of six months
to one year at least three times. If the morphol-
ogy of the aneurysm changed or the size in-
creased, we planned to place an additional
stent. If the morphology of aneurysm was un-
changed and the size reduced on follow-up an-
giography over at least three times, we consid-
ered cessation of follow-up.

Endovascular treatment

The neurosurgeon and interventionalist at
our institution discussed the appropriate treat-
ment of these aneurysms. We suggested two
treatment options to patients and their relatives
who gave informed consent for each treatment.
For some reason such as poor medical condition
of patients or aversion to surgery, they chose the
endovascular treatment. All procedures were
performed within 48 hours after confirming the
diagnosis of ruptured aneurysms under moni-
tored intravenous anesthesia with Propofol (30-

@se Age/

Clinical\

!)KM: O’Kelly-Marotta grading scale; T/A: transient ischemic attack.

H-H Size Location Kind of stent Immediate and last f/u

Sex grade (mm) (technique) angiographic results (OKM) outcome
1 70/F 2 1.3x1.1 MCA 2 Neuroform(Y) B3—D (22 mos) No deficit
2 67/M 2 2.2x1.8 ICA 1 Neuroform A1-B1 (13 mos) No deficit
3 71/F 3 2.0x2.0 PCA 1 Neuroform A1—-C2 (6 mos) TIA
4 51/F 2 1.4x1.3 MCA(M1) 1 Enterprise Al1—A1l (6 mos) No deficit
5 52/M 2 2.1x2.0 BT 1 Neuroform B1—D (18 mos) No deficit

1 Enterprise(O)

6 49/M 2 1.5x1.2 ICA 2 Neuroform(O) Al1-D (12 mos) No deficit
7 67/F 2 2.8x2.5 ICA 1 Neuroform A1—-B1 (18 mos) No deficit
8 84/M 1 1.8x1.6 AcomA 1 Enterprise Al—Al (34 mos) No deficit
H-H grade: Hunt and Hess grade; MCA: middle cerebral artery; /CA: internal carotid artery; PCA: posterior cerebellar artery; BT:
basilar trunk; AcomA: anterior communicating artery; ¥ Y-configured stenting technique; O: overlapping stent technique;

J
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70 pg/kg/min) and Remifentanyl (0.02 pg/kg/
min). The Neuroform and Enterprise stents
were used. Microcell stents like PED and Silk
flow-diverting stents were not available at that
time in our institute. Single stenting was used in
five patients, the telescopic in-stent stenting
technique was used in two, and Y-configured
stenting was used in one. When using the tele-
scopic in-stent stenting technique, the shorter
stent was deployed first covering the aneurysm
neck, and next the longer stent with the same or
larger diameter was deployed within the shorter
stent covering both ends. The open cell designed
stent (Neuroform) was used preferentially. In
cases when navigation was expected to be diffi-
cult, the closed cell stent (Enterprise) was used.

Peri- and post-procedural antiplatelets and
anticoagulation protocols

All procedures were performed with the pa-
tients under systemic heparinization (the initial
heparin bolus was 3,000-5,000 IU, but in some
cases where the procedural time was over one
hour, an additional bolus of heparin 1,000-2,000
IU was injected, which was usually started just
after the placement of the first stent spanning
the aneurysm neck, together with an IV injec-
tion of aspirin 900 mg). Preloading with aspirin
and clopidogrel was not undertaken. Even if the
procedure had been scheduled for the next day,
the one-day preoperative dual antiplatelet med-
ication was not given because of the rebleeding
risk. The patients were continued on IV system-
ic heparinization for the next 24 hours to main-
tain an activated clotting time that was twice
their baseline, and both aspirin 100 mg and
clopidogrel 75 mg were taken for more than six
weeks after the procedure. Then after this, aspi-
rin 100 mg was continued for six months. In
cases when ischemic symptoms developed dur-
ing the dual antiplatelet treatment period, the
aspirin dose was doubled and statin derivatives
were added for another six months. In the single
aspirin period, dual antiplatelet treatment with
clopidogrel was then restarted. Then the next
regimen was decided according to the follow-up
angiographic findings and the symptoms that
developed, on a case-by-case basis.

Angiographic evaluation

The O’Kelly-Marotta (OKM) grading scale
was used for evaluation of the angiographic re-
sults 3. Angiography running into the venous

phase is required to determine the appropriate
grade. Two parameters were assessed: the vol-
ume of contrast filling and the degree of stasis
of the contrast material. Aneurysm filling was
graded as: A: complete (>95%), B: incomplete
(5-95%), C: neck remnant (<5%), or D: no fill-
ing (0%). The stasis grade was determined by
the timing of contrast clearance from the aneu-
rysm sac as defined by the phases of the angi-
ogram: 1: no stasis within the arterial phase, 2:
moderate stasis of contrast (clearance of con-
trast prior to the venous phase), 3: constant sta-
sis of contrast in aneurysm in the venous phase
and beyond. This grading defines a total of ten
possible grades, with the stasis grades coupled
to each of the filling grades with the exception
of Grade D, no filling (A1, A2, A3, B1, B2,
B3,C1, C2, C3) 3. This retrospective review
presents a series of eight patients who received
sole stenting with large cell stents for the treat-
ment of very small aneurysms, less than 3 mm in
size, that were a challenge to treat, and we dis-
cuss the feasibility of these stents, using the fol-
low-up angiographic results graded according to
the O’Kelly-Marotta (OKM) grading scale.

Results

The demographic data are summarized in Ta-
ble 1. There were eight patients of whom four
were men and four were women. The mean age
was 63.9 years and the age ranged from 49 to 84
years. The locations of the aneurysms were as
follows: three aneurysms were located in the in-
ternal carotid artery (ICA), two were in the
middle cerebral artery (MCA), and three were
located each in the posterior cerebral artery
(PCA), basilar trunk (BT) and anterior commu-
nicating artery (AcomA) respectively. All eight
patients presented with subarachnoid hemor-
rhage, as diagnosed by unenhanced head com-
puted tomography (CT). Each patient under-
went CT angiography (CTA) followed by digital
subtraction angiography (DSA). Among the
eight aneurysms, seven (87.5%) were detected
on the CTA only, and all were identified with
DSA. The procedure was performed within 48
hours of the onset of symptoms. Sole stenting
without coiling was performed: five were single
stentings, two were in-stent stentings and one
was a Y-configured stenting. The last follow-up
DSA was performed from six to 34 months af-
ter the procedure.

Complete aneurysm obliteration on the fol-
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Figure 1 A 70-year-old woman (Case 1) with a ruptured MCA aneurysm. A) Subarachnoid hemorrhage in basal cistern and
predominantly left sylvian cistern on the brain CT scan. B) Very small aneurysm (1.3 x 1.1mm) at the MCA bifurcation on
3-dimensional rotational angiogram. C) Y-configured stenting for aneurysm of MCA bifurcation on the fluoroscopy. D) A
follow-up angiogram 22 months later demonstrated the disappearance of the aneurysm and the presence of asymptomatic
post-stent stenosis at both M2 segments.

low-up angiography was observed in three cases
(37.5%), and size reduction or stable angio-
graphic findings were seen in five (62.5%).
There was no procedure-related rupture or
growth of the aneurysm on follow-up angiogra-

phy in any of the cases. Angiographic changes
were evaluated by the OKM grading scale, used
in the assessment of intracranial aneurysms
treated with flow-diverting stents. Absence of
flow change in the aneurysm and in the parent
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artery immediately after stenting, compared to
the flow observed in the diagnostic angiography,
was found in six patients (Al); aneurysmal flow
reduction in the arterial phase without aneurys-
mal flow stagnation was detected in one patient
(B1); and aneurysmal flow stagnation was seen
in one patient (B3). Complete obliteration of
the aneurysm with an intact parent artery (D)
was detected in three patients in the follow-up
angiography 12-22 months post-procedure; all
of these three patients had received overlapping
stents including Y-configured stents. There was
no increase in the size of the aneurysm seen in
any of the cases, even in the single stent cases,
and there was one case of asymptomatic in-
stent stenosis (case 1) during the follow-up pe-
riod. There were no permanent symptomatic
complications. However, transient ischemic at-
tack occurred in one patient (12.5%) several
days after the dual antiplatelet medication was
changed to single aspirin six weeks after the
procedure; dual antiplatelet treatment was re-
started in this patient (case 3) and statin deriva-
tives were added to the treatment regimen.

Illustrative cases

Case 1

A 70-year-old woman presented with severe
headache. Brain CT scan revealed subarach-
noid hemorrhage (SAH) in the basal cistern,
predominantly in the left sylvian cistern (Fig-
ure 1A). Three-dimensional rotational angiog-
raphy (3DRA) showed a 1.3 x 1.1 mm sized
left middle cerebral artery (MCA) aneurysm
(Figure 1B). After reviewing the surgical and
endovascular options, her relatives selected
endovascular treatment because of her age
and poor medical condition. Subsequently, Y-
configured stenting was chosen as the treat-
ment. A 3.0 mm x 20 mm Neuroform stent was
deployed from the superior branch of M2 to
M1, followed by a second 3.0 mm x 20 mm
Neuroform stent that was deployed from the
inferior temporal branch of M2 to M1 to re-
construct the MCA aneurysm base (Figure
1C). After the procedure, the patient was tak-
en to the intensive care unit and was main-
tained on oral antiplatelet agents according to
our protocol. She was discharged without any
neurological defects on the 30t day of hospi-
talization. A follow-up angiogram 22 months
later demonstrated the disappearance of the

aneurysm (OKM grade D, Figure 1D) and the
presence of asymptomatic post-stent stenosis
at both M2 segments.

Case 5

A 52-year-old man was admitted to our hos-
pital with severe headache, nausea and vomit-
ing (H-H grade 2). Brain CT scan showed SAH
in the prepontine cistern (Figure 2A). A dorsal
wall 2.1 x 2.0 mm aneurysm of the basilar trunk
was identified on the 3DRA (Figure 2B). We
decided to perform stent monotherapy using
the overlapping stent technique because the
aneurysm was too small and the patient had an
unsuitable dome-to-neck ratio to allow treat-
ment with simple coiling. Furthermore, the lo-
cation of the aneurysm made clipping too dif-
ficult. A 4.0 mm x 20 mm Neuroform3 stent
was deployed from the distal to the proximal
basilar artery and this fully covered the aneu-
rysm. This was followed by a 4.0 mm x 22 mm
Enterprise stent that was deployed from the
right posterior cerebellar artery to the basilar
artery within the prior stent (Figure 2C). Post-
operative immediate 3DRA showed decreased
contrast filling within the aneurysm (OKM
grade B1, Figure 2D). The patient was dis-
charged without neurological deficit, and a fol-
low-up angiogram 18 months later demonstrat-
ed the disappearance of the aneurysm (OKM
grade D, Figure 2E).

Discussion

Rationale for sole stenting

Very small aneurysms are difficult and dan-
gerous to treat with surgical clipping or en-
dovascular coiling because they have fragile
walls and an indistinct neck. Surgical clipping
and wrapping have been considered to be risky
for these aneurysms because of the risk of in-
traoperative and postoperative rebleeding '<.
Although trapping with or without a bypass has
been recommended as the appropriate treat-
ment!, and the use of an encircling clip graft as
a rescue technique 3, this sophisticated surgery
may not be always possible, especially in cases
when the aneurysm has ruptured. Endovascu-
lar trapping or parent artery occlusion (PAO)
of the affected arterial segment after a success-
ful balloon test occlusion (BTO) has been sug-
gested as a safe treatment producing good col-
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Figure 2 A 52-year-old man (Case 5) with a ruptured aneurysm on the dorsal wall of the basilar trunk. A) Subarachnoid
hemorrhage in the prepontine cistern on the brain CT scan. B) Very small aneurysm (2.1 x 2.0 mm) of the basilar trunk on
the dorsal wall on 3-dimensional rotational angiogram. C) Double stents using the stent-within-stent technique on fluoros-
copy. D) Decreased contrast filling within the aneurysm on the immediate post-operation angiography. E) Follow-up ICA
angiogram at 18 months post-operation shows the disappearance of the aneurysm.

lateral circulation 6. However, even if a patient
has good collateral flow with BTO, performing
PAO in ruptured cases might have the potential
of producing cerebral ischemia in the short and
long term, particularly in the situation of cere-
bral vasospasm’. Along with the development
of stent material and stenting techniques, a new
concept has recently evolved of using “en-
dovascular bypass” or “endovascular recon-
struction” techniques which enable the affected
parent artery and perforators to be preserved,
and the aneurysm to be safely occluded 7-1°.
Compared to the deconstructive methods of
trapping or PAO, the reconstructive methods
may be more definitive and the ideal treatment
physiologically. Sole stenting is one of the re-
constructive methods used and has been re-
ported as an alternative treatment for complex

aneurysms in which it is extremely difficult and
dangerous to deploy a coil 71%. Their treatment
mechanism involves hemodynamic change and
a thrombotic phenomenon. The implanted stent
alters the flow pattern of the affected artery
and reduces flow into the aneurysmal sac, and
finally results in aneurysmal thrombosis and
occlusion . Additionally, neointimal tissue cov-
ers the luminal surface of the stent and the af-
fected artery is reconstructed 2.

Limitation of flow-diverters

Flow-diverting stents offer a new alternative
for the treatment of aneurysms with difficult
morphologies, including giant, wide-necked,
fusiform, and blister types. The Pipeline Em-
bolization Device (PED, ev3 Endovascular,
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Plymouth, MN, USA) and Silk flow-diverting
stent (Balt Extrusion, Montmorency, France)
are porous endoluminal sleeves designed to
cover approximately 30% to 35% of the neck
surface area, roughly five times that of the area
covered by the Neuroform and Enterprise
stents 1314, These microcell stents are purported
to immediately reduce the inflow and outflow
jets from the aneurysm and virtually eliminate
shear stress on the aneurysm wall, while still al-
lowing blood flow to branch arteries and perfo-
rators covered by the device '35, Since micro-
cell stents were introduced, various complica-
tions have been reported, and they are difficult
to use in the distal portion of the ICA bifurca-
tion because of the obstruction of perforators
or the unfeasible navigation of the tortuous
vasculature. The use of a microcell stent is as-
sociated with a risk of rebleeding, especially in
cases where the aneurysm has ruptured, be-
cause of vessel injury and the high dosage of
antiplatelet medication administered !7!18. Re-
cent studies reported that 11 patients with rup-
tured aneurysms were treated by PED and
among them two patients died from rebleeding
during the six-month follow-up 8. In addition,
thromboembolic complications have occurred
because the microcell stent has a dense stent
surface and navigation can be poor !°. The exact
duration of treatment and the best cocktail of
antiplatelets and anticoagulants that should be
given are not yet known, but lifetime adminis-
tration may be necessary in these situations 920,
Clopidogrel is discontinued after six months,
whereas aspirin therapy remains lifelong if the
six-month follow-up angiogram shows a com-
plete occlusion of the aneurysm . If the micro-
stent is deployed distally over the bifurcation
of the internal carotid artery, more long-term
dual antiplatelet use is recommended because
of the risk of thromboembolic events in the
stent-covered parent artery 5. The authors con-
sider that although the microcell stent might be
useful in cases when a blister-like aneurysm is
located in the distal ICA, the large cell stent
might be more useful in cases where other ar-
teries are affected and the artery has a small
caliber and fine perforators such as the middle
cerebral artery, posterior cerebral artery or an-
terior cerebral artery. In ruptured cases, the use
of potent antiplatelet drugs and a microstent
might be less appropriate than stenting with a
large cell stent because of unexpected hemor-
rhagic complications such as aneurysmal re-
bleeding and intraparenchymal hemorrhage.

Results of sole stenting

In the sole stenting technique for very small
ruptured aneurysms, the optimal antiplatelet or
anticoagulation regimen remains uncertain.
Many surgeons have a fear of rebleeding or
thromboembolism occurring in the patient and
because of this, may hesitate to use the stent
monotherapy technique. In fact, these compli-
cations have developed in several cases. In
Zenteno et al.’s series, one of 20 patients (5%)
who had stent monotherapy for dissecting and
non-dissecting aneurysms of the posterior cir-
culation had a thromboembolic event and one
patient (5%) experienced rebleeding at two
weeks post-procedure °. Their series was com-
posed of 11 ruptured cases, which had no pro-
cedural and thromboembolic complications ex-
cept for one case of delayed rebleeding. In an-
other series of stent monotherapy for ruptured
pseudoaneurysm, two of ten patients (20%)
had thromboembolic events, of whom one had
a partial visual field defect and the other was
asymptomatic, and no rebleeding was encoun-
tered 0.

Considering the characteristics of the pre-
senting diseases, their results might be relative-
ly acceptable. However, Gaughen et al. report-
ed that three of six cases treated by the over-
lapping technique for blood blister aneurysms
had aneurysms which were continuously grow-
ing at the follow-up angiography and were ad-
ditionally treated by coil embolization 7. Al-
though there were no growing cases in our se-
ries, short-term follow-up angiography would
be necessary. Another author’s antiplatelet pro-
tocol in cases of sole stenting was similar to
ours. In our institute, preloading with aspirin
and clopidogrel was not undertaken.

Even if the procedure was scheduled for the
next day, one-day preoperative dual antiplate-
let regimen was not given because of the risk of
rebleeding. One patient had transient ischemic
attack for several days after the dual antiplate-
let treatment was changed to single aspirin at
six weeks after the procedure, and dual an-
tiplatelet drugs were restarted along with statin
derivatives in this patient. The patient has not
experienced neurologic symptoms since the
change in medication. One patient in one study
experienced rebleeding during chemical angi-
oplasty for vasospasm and expired. In our cas-
es, a growing aneurysm was not detected and
additional coiling or surgical clipping was not
needed.
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Overlapping stenting vs single stenting

It is uncertain whether an overlapping stent
produces better angiographic results than sin-
gle stenting. In experimental studies, Kim et al.
reported that the hemodynamic influence var-
ied with the number of stents, and that the dou-
ble stent model was associated with more sig-
nificant changes2'. By contrast, Rhee et al. sug-
gested that there was no significant effect re-
lated to the number of stents (porosity) 2.
However, a recent clinical series showed that
the overlapping stent technique was more ef-
fective than single stenting because there was
decreased porosity ¢7. The results of using mi-
crocell stents such as PED or Silk flow-divert-
ing stents are in line with this theory. In our
series, three cases treated by overlapping or Y-
configured stent technique had better occlusive
results (OKM grade D) on follow-up angiogra-
phy than cases treated by single stent deploy-
ment. We agree that the overlapping stenting
technique might be a more effective method.
However, unexpected technical problems such
as vessel injury, stent malposition and increas-
ing thrombogenicity related to the additional

deployment of a stent within a prior stent
should be overcome.

Conclusion

Stent monotherapy with large cell stents is
an incomplete treatment unless there is isola-
tion of the aneurysm from the intracranial cir-
culation with or without mechanical oblitera-
tion of the aneurysm neck.

However it can have a positive role in keep-
ing the aneurysm size stable even in ruptured
cases. However it is essential to be alert to the
possibility of regrowth of the aneurysm or re-
bleeding which might cause a catastrophic con-
dition. Early follow-up angiography and careful
control of the dosage of antiplatelets given
should be considered.
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