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ABSTRACT 
Thromboembolism is the most frequent complication in endovascular treatment of intracranial aneurysms, causing disability and 
death. As stent retrievers have achieved high rates of arterial recanalization in the management of ischemic stroke, these devices were 
tested as rescue therapy of thromboembolism during aneurysm embolization. We retrospectively analyzed 10 consecutive patients with 
transprocedural arterial occlusion, treated with mechanical thrombectomy at a single center. Good angiographic recanalization was 
achieved in eight cases, mTICI 3, 2b and 2a in five, three and two patients, respectively, without additional complications or any deaths. Five 
patients showed complete recovery (mRS 0) and all patients showed improvement of disability (average mRS 1.1) over a mean follow-up 
period of 31 months. Eight patients had good clinical recovery, while two remained with deficits (mRS 3 and 4). The study found that the 
stent retriever is a valuable, rapid and effective tool for restoring blood flow, improving the safety of endovascular treatment.

Keywords: intracranial aneurysms; intraoperative complications; thromboembolism; endovascular procedure; stent.

RESUMO
Tromboembolismo é a complicação mais frequente no tratamento endovascular de aneurismas cerebrais, podendo causar morte ou 
sequelas. Como os stent retrievers alcançaram altas taxas de recanalização arterial no tratamento do acidente vascular encefálico 
isquêmico, testamos esses dispositivos para tratar eventos tromboembólicos ocorridos durante a embolização de aneurismas. Foram 
analisados retrospectivamente 10 pacientes apresentando oclusão arterial transoperatória, tratados com trombectomia mecânica em 
um único centro. Obtivemos recanalização angiográfica em oito casos, mTICI 3, 2b e 2a em cinco, três e dois pacientes, respectivamente, 
sem complicações adicionais ou óbito. Cinco casos apresentaram recuperação completa (mRS 0) e todos os pacientes apresentaram 
melhora dos déficits (mRS médio 1.1) durante acompanhamento médio de 31 meses. Oito pacientes apresentaram boa recuperação clínica, 
enquanto dois permaneceram com déficits (mRS 3 e 4). O estudo concluiu que stents são uma ferramenta valiosa, rápida e eficaz para 
restaurar o fluxo sanguíneo, aumentando a segurança do tratamento endovascular.

Palavras-chave: aneurisma intracraniano; complicações intraoperatórias; tromboembolia; procedimentos endovasculares; stents.

Endovascular treatment of intracranial aneurysms is a 
minimally invasive approach to occlude an aneurysm and 
prevent hemorrhage, and its acceptance has progressively 
increased since FDA approval in 19951,2. The most frequent 
complication, and the main cause of disability or death, is 
thromboembolic occlusion3, which occurs in 0.96% to 12.5% 
of these patients1,2,4,5. Timely recanalization is effective in 
the management of thromboembolism and, currently, it is 
done by intra-arterial or intravenous delivery of fibrinolytic 

or antiplatelet agents6-9. Since the development of the stent 
retriever technique, high quality evidence about the efficacy 
of mechanical thrombectomy has become available, justify-
ing changes in the current therapy10. Nevertheless, the use 
of a stent beyond a coil mass is still not validated, nor is 
the rate of aneurysm perforation by the device. We present 
a small series of transprocedural intracranial vessel occlu-
sion managed with the stent retriever to achieve a good 
recanalization rate. 
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METHODS

During the period from October 2010 to November 2016, 
a total of 543 aneurysms were treated by endovascular pro-
cedures at a single institution. Ten consecutive patients with 
diagnoses of thromboembolic occlusion of a major cerebral 
artery underwent rescue therapy using a stent retriever. 
There were no exclusion criteria for the procedure or selec-
tion of the best candidates.

Endovascular treatment of the aneurysms was performed 
under general anesthesia in all cases. Transfemoral diagnostic 
angiography was performed right before the procedure using a 
low-osmolar nonionic contrast agent (Omnipaque®, Nycomed, 
Oslo, Norway). Initial intravenous boluses of 5000 IU of hepa-
rin were infused when starting the angiography, followed by 
1000 IU at each hour of the procedure. A 6F guide catheter 
(Chaperon®, Microvention, Inc, Tustin, CA, USA; or Neuron®, 
Penumbra, Inc., Alameda, CA, USA) was placed in the internal 
carotid or vertebral artery. Continuous flushing through cath-
eters was maintained by infusion of 1000 IU heparin per 1-L 
sodium chloride solution. Aneurysms were embolized through 
a microcatheter (Echelon® - 10, ev3 Neurovascular, Irvine, CA, 
USA) over a guidewire (SilverSpeed® - 10, ev3), using mechan-
ical detachable coils (Axium 3D or Helix®, ev3) until angio-
graphic complete obliteration. Two procedures employed bal-
loon remodeling (HyperForm® 4x7, ev3), and two employed 
stent assistance (Solitaire® 4x15mm or 4x20mm, ev3).

Thromboembolic complication was defined as a thrombus 
causing a filling defect or completely occlusion of a previously-
visualized major artery during the procedure. Once emboli-
zation was completed, a microcatheter (Rebar® - 18, ev3) was 
advanced across the thrombus, performing superselective angi-
ography beyond the occlusion, confirming correct positioning. 
A stent retriever device (Solitaire® 4x15mm or 4x20mm, ev3) was 
deployed a few millimeters distal to the clot and kept opened 
for five minutes. The microcatheter and the stent retriever 
were withdrawn under negative pressure applied on the guide 
catheter, using manual aspiration. Angiographic revasculariza-
tion was classified using the Modified Treatment in Cerebral 
Ischemia (mTICI) scale11. All patients underwent immediate 
angiographic control and CT scan or MRI within 24 hours after 
the procedure. At the end of the catheterization, endovenous 
heparin administration was interrupted but not antagonized. 
All patients were transferred to the intensive care unit, and 
low molecular weight heparin was maintained in prophylac-
tic doses, without reaching anticoagulation. The outcome was 
evaluated immediately and at a three-month clinical follow-up 
with telephone assessment of late functional impairment using 
a validated modified Rankin Scale (mRS)12. The last consultation 
was held between 18 and 67 months.

Our institution follows the Brazilian guidelines for acute 
ischemic stroke treatment13 and the guidelines for the manage-
ment of patients with unruptured intracranial aneurysms from 
the American Heart Association/American Stroke Association.14

RESULTS

Ten consecutive patients (eight women) with age ranges 
from 47 to 80 years (mean age: 56 years) were managed with a 
stent retriever. Four patients had acute subarachnoid hemor-
rhage, three were treated during the acute stage and one was 
treated four months after the hemorrhage. Six had embolization 
with an unruptured aneurysm. At the onset of the emboliza-
tion procedure, none of the patients had focal neurologic defi-
cits; the Glasgow Coma Scale was 15 in all but one, who scored 
13. Four patients used preoperative antiplatelet therapy due to 
the elective indication for stent placement. There was only one 
case of hemorrhagic transformation, resulting in the worst clini-
cal outcome. Three patients had been treated for another cere-
bral aneurysm several years before (two unruptured, which were 
embolized and one ruptured, which was clipped). Nine patients 
were treated for the first time, while one underwent a second 
endovascular procedure due to recanalization. In all cases 
but one, the thrombus was noted at the end of the procedure. 
Patient demographics are summarized in Table 1. 

Four treated aneurysms were located in the anterior 
communicating artery, two in the basilar artery tip, two in 
the posterior communicating artery, one at the cavernous 
segment and one at the ophthalmic segment of the inter-
nal carotid artery. The aneurysms had an average size of 12.2 
mm (3-variacao de tamanho: entre 3 e 30 mm), most of them 
(80%) being wide neck aneurysms. One unruptured basilar 
artery aneurysm was partially thrombosed. The aneurysm 
and thrombus locations are shown in Table 2. 

Four patients received intravenous rTPA and one received 
ReoPro, all without opening the vessel.

The average duration of the procedure (time from puncture 
to final embolization and visualization of the complication) was 
109.55 (22169) minutes. One thrombus was localized in the left 
anterior cerebral artery; two in the right middle cerebral artery 
and five in the left middle cerebral artery; one in the left poste-
rior cerebral artery; and one in the right posterior cerebral artery. 
Five patients received rTPA ( four intra-arterially and one intra-
venously), while another received intra-arterial ReoPro® before 
the use of the stent retriever. The Solitaire® 4 x 15 stent was used 
in five patients and the 4x20 in five patients. The mean duration 
of occlusion was 43.8 (15–95) minutes. The average number of 
passages of the stent retriever was 3.9 (1–7) times. Coil cast dis-
lodgement was not seen, and there were no additional compli-
cations or mortalities related to the procedure.

Retrieval was successful in eight patients, with a control 
angiogram showing complete recanalization in five patients 
(mTICI 3). Good recanalization, mTICI 2b, was achieved in 
three patients, and poor recanalization, mTICI 2a, was achieved 
in two patients. In the early postoperative period, five patients 
had a normal neurological examination and maintained a mRS 
0 (Figure 1). Three patients showed initial focal deficits, with par-
tial recovery at discharge. Reperfusion was late/insufficient in 
two patients, with ischemia seen on the postoperative CT scan. 
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One of these patients, with a basilar artery aneurysm, had an 
intrastent thrombosis and evolved with the embolus migrating 
forward to the P2 segment of the right posterior cerebral artery 
after stent retrieval (Figure 2). Although an embolectomy was 
performed, he presented with right homonymous hemianopia 
and maintained a mRS of 3. Unfortunately, one patient suffered a 
left middle cerebral artery stroke with hemorrhagic transforma-
tion and underwent a decompressive craniectomy, but became 
bedridden and dependent, with a mRS 5. The average mRS in 
this series was initially 1.8 (0, 0, 3, 0, 5, 4, 3, 3, 0, 0) and after three 
months was 1.1 (0, 0, 2, 0, 4, 3, 1, 1, 0, 0), achieving 80% long-term 
good neurologic outcomes (between 18 and 67 months). Six 
patients could return to their previous occupation, two retired 
due to their illness and two were already retired due to their age.

DISCUSSION 

The aim of the coil placement is to induce thrombosis 
into the aneurysmal sac. Thrombus formation can occur 
inside the coil mass and either migrate to cause a distal 
embolic cerebral infarct or spread during the placement of 
the coil6. Possible explanations of this prothrombotic state 
include intimal insults due do catheter trauma to the par-
ent vessel wall3,6, although no arterial dissection was noted 
in this series, or the presence of foreign bodies such as cath-
eters and coils within the vascular system that could activate 
platelet aggregation mechanism3. The thrombus formation 
can also occur inside the guiding catheter and microcatheter.

Thromboembolic risks vary due to several factors, such 
as patient conditions, time of procedure, aneurysm size and 

neck, conditions of the surgery and treatment options3. The 
use of remodeling techniques or stents may reduce coil dis-
placement, but may also increase the incidence of thrombo-
embolic events15,16. Likewise, flow diverters also have a greater 
propensity for internal thrombosis due to their metallic sur-
face3. The thromboembolism can be diagnosed during coil 
deposition, at the end of the procedure, or a few hours after 
embolization6. Immediate postoperative panoramic control 
angiography is strongly recommended by the authors, as 
early recognition, fast and effective treatment is crucial to 
reducing the morbidity and mortality rate6.

With the evolved understanding of anticoagulation 
and antiplatelet therapy, in addition to the development 
of new devices, drugs and customized protocols, the inci-
dence of thromboembolic complications has significantly 
decreased8. Antiplatelets have been used to prevent stent 
thrombosis, but an insufficient response can occur as a 
result of drug interaction or resistance, which could occur 
in up to 33% of patients using clopidogrel and in 4.2% using 
aspirin. Indeed, ticagrelor was an effective alternative ther-
apy for these patients3,17. Anticoagulants are another class 
of drug that has the potential to reduce thromboembolic 
complications, but there is no consensus in the literature 
for heparin use or its dosage3. Glycoprotein IIb/IIIa antago-
nists have also been used to prevent thrombus formation 
until a fibrin coating reduces the coil’s thrombogenicity2 
and, in most of cases, we can manage thrombotic complica-
tions without intervention using IIb/IIIa inhibitors. 

Clearly, intervention is required in the face of any evi-
dence of thromboembolic phenomena related to the coil-
ing2. The primary goal of the procedure should be a TICI 2b/3 

Table 1. Patient characteristics.

Patient Age (y)/ Sex Diagnosis Aneurysm 
Location

Size
(mm) Neck Ictus HH FS Remodeling 

Balloon 
Stent 

Assistance

1 59/F Multiple aneurysms L PComm 13 Wide NA NA 1 4x15 No

2 60/M Multiple aneurysms AComm 8 Wide NA NA 1 4x7 No

3 50/F Subarachnoid 
aneurysm Basilar tip 10 Wide D4 1 2 4x20 6x20

4 54/M Headache Basilar tip 13 Wide NA NA 1 No 4x20; 4x15

5 48/F Multiple aneurysms L Ophthalmic 
ICA 25 Wide NA NA 1 No Flow diverter

6 57/F Subarachnoid 
aneurysm AComm 7 Small D3 3 4 4x7 No

7 80/F Ophthalmoparesis R Cavernous 
ICA 30 Wide NA NA 1 No Flow diverter

8 47/F Subarachnoid 
aneurysm L PComm 3 Small 4 

months 1 2 No No

9 50/F Headache AComm 10 Wide NA NA 1 No 4x20

10 61/F Subarachnoid 
aneurysm AComm 3 Wide D2 2 3 4x7 No

AComm: Anterior communicating artery; F: female; FS: Fisher scale; HH: Hunt-Hess scale; ICA: internal carotid artery; L: Left; M: male; F: female; NA; Not 
Applicable; PComm: Posterior communicating artery; R: Right; y: years.
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angiographic recanalization result, with timely restoration 
of blood flow to avoid brain damage7,10. The patient should 
receive a heparin bolus if not already in use, as well as a load-
ing dose of antiplatelet medication2.

The use of new drugs, such as fibrinolytics (rTPA) and 
platelet inhibitors, decreases the morbidity of the proce-
dure. It has been demonstrated on CT that the use of glyco-
protein IIb/IIIa antagonists reduces infarctions by almost 
50%7. A meta-analysis evaluating the safety and efficacy of 
chemical rescue therapy demonstrates significantly greater 
morbidity with thrombolytic agents than with glycopro-
tein IIb/IIIa inhibitors7. Tirofiban and eptifibatide result 
in significantly higher recanalization rates compared with 
abciximab7. The use of chemical thrombolytics achieves up 
to 80% of recanalization18, but carries the risk of provok-
ing a pharmacological chain reaction resulting in uncon-
trollable hemorrhage, especially in patients who were 
premedicated with clopidogrel8. Although the clinical out-
come has improved with these drugs, in a meta-analysis, 
Brinjikji et al.7 found an average hemorrhage rate of 10% 
and mortality rate of up to 25%. In our study, rescue ther-
apy with the stent retriever did not show early postopera-
tive hemorrhage or mortality. Of note, in one patient, the 

origin of the clot was a pre-existing intraneurysmal throm-
bus, which may not respond to antiplatelet agents. 

The introduction of stent retrieval to treat ischemic 
stroke enables a rapid and reliable extraction of the throm-
bus2,8. It allows an effective encapsulation of the throm-
bus (Figure 3), restoration of blood flow and potentia-
tion of thrombolytic substances19. Furthermore, modern 
devices permit faster access and easier navigation due 
to a more flexible profile20. Recent prospective trials have 
shown the clinical benefit of endovascular therapy, provid-
ing high-level evidence that has changed the guidelines of 
acute stroke therapy to recommend endovascular therapy 
with a stent retriever over intra-arterial fibrinolysis alone as 
first-line therapy10,19,20,21. However, its use during transpro-
cedural thromboembolic events is still not validated, as the 
passage of the device over the coil mass could displace it 
and occlude the parent vessel. 

Kadziolka et al.8 published a case report of success-
ful mechanical thrombectomy using a Separator 3D® 
(Penumbra, Alameda, CA, USA) stent retriever. The 
transprocedural use of the Solitaire AB® device was reported 
by Zhang et al., who showed two cases of total recanaliza-
tion but, unfortunately, with postoperative infarcts in both 

Figure 1. Patient 1 with anterior communicating artery aneurysm after middle cerebral artery aneurysm clipping. (A) Frontal 
projections shows aneurysm (arrow) filling from left anterior cerebral artery; (B) Treatment with mechanical detachable coils leads 
to distal anterior cerebral artery occlusion; (C) Deployment of the stent retriever (arrow) restores the blood flow; (D) Immediate 
control angiogram shows total recanalization. The patient had a good clinical outcome.

A B C D

Figure 2. Patient 3 presenting with acute subarachnoid hemorrhage. (A) Frontal angiogram shows a partially thrombosed basilar 
tip aneurysm; (B) Microcatheter into the thrombus (arrow) and deployment of a stent (arrowheads); (C) After coil placement in the 
aneurysm (arrows), a thrombus was seen within the stent (arrowheads); (D) Deployment of the stent in the distal left posterior 
cerebral artery (arrows); (E) Immediate control angiogram shows total recanalization after stent retrieval. The patient remained 
with homonymous hemianopia.

A B C D
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patients9. The stent delivery technique is similar to throm-
bectomy in stroke and can be used to treat proximal artery 
occlusions up to the A2 anterior cerebral artery, M2 mid-
dle cerebral artery and P2 posterior cerebral artery seg-
ments2,3,8. Hence, to recanalize vessels less than 2 mm, phar-
macologic rescue remains the therapy of choice10. 

A combined technique of mechanical and chemical 
thrombolysis may be reasonable in some clinical circum-
stances, as well as in the current treatment of vasospasm 
with balloon remodeling and drugs. Deployment of a stent 
beyond the aneurysm carries the risk of dislodging the coil, 
particularly in the arterial curves and wide necks of ruptured 
aneurysms2,8. However, in treated patients, the retrieving 
was uneventful when the stent retriever passed over the coil 
mass. Another technical limitation is the pulling of the stent 

retriever through a recently-placed stent, which carries a dis-
placement risk2,8. Nevertheless, this risk can be minimized 
by keeping the initial stent attached to the delivery system, 
releasing it only after complete embolization of the aneu-
rysm, allowing for retrieval of the stent in the case of intralu-
minal thrombosis. Although the use of chemical agents is the 
current indication, the increased effectiveness of recanaliza-
tion favoring retrievable stents led us to halt the use of drugs 
as the first option for treating major vessel occlusion.

The stent retriever is also an alternative when thrombo-
lytics are contraindicated, such as after a myocardial infarc-
tion within the previous three months22. The stent retriever 
has the potential risk of arterial dissection, muscular spasm 
and endothelium lesion and this risk increases with the num-
ber of passes over the artery. Fortunately, we did not have any 
complications of this kind in this series. Although the aspi-
ration system has evolved recently, it was not available in 
our hospital, and there is still no consensus on whether the 
recanalization rate is superior to the use of the stent retriever.

Our report has the inherent limitations of all retrospective, 
limited, and single-center patient series. It also does not have 
a control group. Furthermore, the prior or concomitant use of 
pharmacologic agents may bias the result as well. However, it 
is noteworthy that mechanical thrombectomy has achieved 
recanalization in most patients, compared with the use of 
drugs alone. Although outcomes have been promising, further 
prospective controlled trials are necessary to clarify the best 
techniques for thrombectomy in each location.

In conclusion, mechanical thrombectomy has a valuable 
role as a safe, simple and effective alternative to reduce the 
morbidity-mortality rate associated with endovascular treat-
ment of aneurysms2, becoming our first choice in the man-
agement of proximal intracranial arterial occlusions. The 
stent retriever should be considered part of the therapeutic 
armamentarium to minimize the impact of potentially disas-
trous thromboembolic complications. 
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