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Abstract 

Introduction 

We report the experiences of 25 Italian centers, analyzing intra- and periprocedural complications of 

endovascular treatment of intracranial aneurysms using Silk (Balt Extrusion, Montmorency, France) and 

pipeline embolization devices (EV3 Inc, Irvine California). 

Methods 

Two hundred seventy-three patients with 295 cerebral aneurysms, enrolled in 25 centers in Italy and 

treated with the new flow-diverter devices, were evaluated; 142 patients were treated with Silk and 130 

with pipeline (in one case, both devices were used). In 14 (5.2 %) cases devices were used with coils. 

Aneurysm size was >15 mm in 46.9 %, 5–15 mm in 42.2 %, and <5 mm in 10.8 %. Aneurysm locations were 

supraclinoid internal carotid artery (ICA) in 163 cases (55.2 %), cavernous ICA in 76 (25.7 %), middle 

cerebral artery in 11 (3.7 %), PCoA in 6 (2 %), and ACoA in 2 (0.7 %); the vertebrobasilar system accounted 

for 32 cases (10.8 %) and PCA in 5 (1.7 %). 

Results 

Technical adverse events occurred with 59 patients (21.6 %); 5 patients died after ischemic events, 10 to 

hemorrhagic complications, and 1 from external ventricular drain positioning. At 1 month, morbidity and 

mortality rates were 3.7 % and 5.9 %, respectively 

Conclusion 

Our retrospective study confirms that morbidity and mortality rates in treatment with FDD of unruptured 

wide-neck or untreatable cerebral aneurysms do not differ from those reported in the largest series. 

Keywords 

Flow diverter devicePipeline embolization deviceSilk embolization deviceIntracranial 

aneurysmsEndovascular treatment 

Introduction 

Treatment of intracranial aneurysms has changed over the last decades, with the endovascular approach 

emerging as the first choice treatment for many lesions. Using coils to occlude the aneurismal sac renders 

this treatment simple and repeatable with a low rate of complications. Despite this development, many 

published series report recanalization of the sac in large and giant aneurysms as a major problem seen in 

mid- and long-term follow-up [3, 10, 19]. The strategy of treatment recently evolved, so that stents are 

used to achieve aneurysm occlusion by reconstruction of the wall (intima) 

[1, 5, 6, 11, 12, 16, 18, 22, 24, 29, 30]. 



The use of stents during intracranial aneurysm embolization has significantly expanded the spectrum of 

aneurysms amenable to endovascular therapy [1, 5, 6, 12, 16, 18, 22, 24, 30]. This device ensures parent 

vessel protection during the embolization, and promotes the progressive thrombosis in the aneurysm’s sac, 

even though these devices are unable to achieve occlusion as a sole therapy. Flow diverter devices 

represent the first endovascular construct specifically engineered to function as a standalone device for 

unruptured aneurysm’s treatment [15, 17]. We present periprocedural outcomes (i.e., within the first 

3 months after the procedure) in 273 patients treated in 25 Italian centers. 

Materials and methods 

Subject and methods 

Between January 2009 and June 2010, 273 patients harboring 295 intracranial aneurysms were treated in 

25 Italian centers with new flow-diverter endovascular devices, the Silk, and the pipeline embolization 

device or PED; only one patient was treated with both devices in the same procedure. There were 216 

female and 57 male patients, with a mean age of 60 (range, 45–70 years). Indications of flow-diverter 

device use included mainly complex unruptured aneurysms such as fusiform, large and/or giant, or wide 

neck; additionally, small aneurysms, which might be untreatable by conventional coiling and recurrences, 

can be considered amenable to such a technique. The data were collected, analyzed, and elaborated by the 

corresponding author (F.B.) and a coauthor (M.N.). 

The aneurysms were located in supraclinoid internal carotid artery (ICA) in 163 cases (55.2 %), the 

cavernous ICA in 76 cases (25.7 %), middle cerebral artery (MCA) in 11 cases (3.7 %), PCoA in 6 cases 

(2.0 %), ACoA in 2 (0.7 %), vertebrobasilar system in 32 cases (10.8 %), and PCA in 5 cases (1.7 %) (Table 1). 

We also implanted flow-diverter devices for 35 fusiform aneurysms (11.8 %). Only 14 patients (5.2 %) were 

treated with combinations of flow-diverter devices and coils; all patients treated also with coils had giant 

aneurysms; nevertheless, the choice was based on personal judgment. 

Table 1 

Localization of intracranial aneurysms 

Anterior circulation Sopraclinoid ICA segment 163 (55.2 %) 

Cavernous ICA segment 76 (25.7 %) 

MCA 11 (3.7 %) 

PCoA 6 (2.0 %) 

ACoA 2 (0.7 %) 

Posterior circulation Vertebrobasilar 32 (10.8 %) 

Posterior cerebral artery 5 (1.7 %) 

Interventional procedure and medication 

Medical platelet inhibition strategies that were used consisted mainly of 75 mg of clopidogrel or 500 mg of 

ticlopidin in association with 100 mg of aspirin 4 days prior to procedure. As an alternative, 600 mg of 



clopidogrel was given out the day of the surgery. A dual antiplatelet therapy was administered thereafter 

for a period ranging from 1–6 months. In 24 centers, intravenous heparin was administered during the 

procedure and stopped after that. All procedures were performed under general anesthesia. 

Aneurysm characteristics (localization, size, dome/neck ratio, relationship with parent vessel, and parent 

artery diameter) were evaluated by means of CT-angiography or angiography. 

The targeted parent vessels were accessed using a variety of guiding catheters or long-sheathes and placing 

neurovascular microcatheters across the aneurysms’ necks. The choice between the two devices (Silk or 

PED) was made according to each operator’s judgement and after careful evaluations of aneurysm neck, 

vessel diameter, and length of segment to rebuild. 

The device is attached to a flexible delivery wire with radiopaque end markers and is packaged in an 

introducer sheath that can be pushed through a 0.027-in. microcatheter (PED) or 0.021-in. microcatheter 

(Silk). Once positioned across the aneurysmal segment, the delivery wire is held while the distal device is 

carefully unsheathed. Once the device is fully in place, it may be recrossed by advancing the microcatheter 

over the indwelling delivery wire, which can then be exchanged for a second flow-diverter device. This 

provides a safer option for the deployment of multiple devices through the same microcatheter when 

necessary. 

Statistical analysis 

Random effect meta-analysis was performed for morbidity and mortality rates separately. This work 

included both cases observed in the present study and those retrieved from recent literature, concerning 

the use of both flow-diverter devices. The presence of between-study heterogeneity was accounted for in 

the analysis and was tested by likelihood ratio test statistic, according to the DerSimonian and Laird 

approach to the normal mixture model framework [28]. Furthermore, consistency of rates observed in the 

present study and the overall rates derived from combining all studies (except the present) was evaluated 

through a suitable contrast defined into each model. P < 0.05 was considered statistically significant. All 

analysis was performed using SAS Release 9.1 (SAS Institute, Cary, NC, USA). 

Results 

During a 24-month period, we deployed a total of 333 FDD, 151 Silk and 182 pipeline, in 273 patients: 142 

patients were treated with Silk, 130 with PED, and 1 in whom both devices were deployed. In 44 patients, 2 

devices were used (6 Silk, 38 PED); in 3 patients, 3 devices were used (all PED); and in 2 cases, 4 PEDs were 

implanted in the same patient. 

We classified the adverse events in two major categories, in regard to the first injury mechanism: the 

ischemic events (13 patients) and the hemorrhagic complications (15 patients). We also observed a single 

patient (0.4 %) with an intracerebral hemorrhage after external ventricular drain placement, probably 

related to double antiplatelet therapy; this patient developed an acute hydrocephalus due to mass effect 

caused by intra-aneurysmal thrombosis of a giant basilar-tip aneurysm treated with Silk (Table 2). 

Table 2 

Incidence of complications and clinical outcomes 



  Total 

number of 

patients (%) 

Patients 

treated with 

Silk 

Patients 

treated with 

PED 

Clinical outcome 

No 

deficits 

Permanent 

deficits 

Death 

Cases treated 273 143a 131a       

Hemorrhagic events 15 (5.5 %) 5 10 2 3 10 

Ischemic/thromboembolic 

events 

13 (4.8 %) 8 5 1 7 5 

Acute hydrocephalus with 

intraventricular drainage 

1 (0.4 %) 1 – – – 1 

Total clinical complications 29 (10. 6 %) 14(5.1 %) 15(5.5 %) 3(1.1 %) 10(3.7 %) 16(5.9 %) 

aOne patient was treated with Silk and PED 

To gain a better understanding of the issue, we further classified them into two categories: procedure-

related and device-related. We identified the events that occurred in endovascular aneurysms procedures 

regardless of the devices employed; device-related events were strictly associated with the flow-diverter 

device features. 

We define as hemorrhagic complications the incidence of intracerebral or subarachnoid bleeding as 

confirmed by post-operative CT scan or intraoperatively by contrast extravasation; in our series it occurred 

in 15 patients (5.5 %; 5 Silk, 10 PED). Seven patients had hemorrhagic complications considered to be 

procedure-related: five of these reported vessels perforated by guidewire and two intracerebral 

hemorrhages related to dual antiplatelet therapy. Another eight patients (two Silk, six PED) experienced 

device-related hemorrhagic events: seven were delayed aneurysms rupture after treatment (two Silk, five 

PED) and one was vessel (MCA) perforation during PED retrieval after distal migration. Of these 15 patients 

with hemorrhagic complications, 2 had no clinical manifestations, and 3 developed permanent neurological 

deficits (one amaurosis, one hemiparesis, and one breathing disorder needing permanent tracheostomy 

and resulting in a serious movement handicap); 10 of these patients died (Table 3). 

Table 3 

Clinical complications with related devices 

Clinical 

complication 

Devices Class of complication Clinical outcome 

Procedure-

Related 

Device-

Related 

Silent Clinical 

sign 

Death 

Ischemic events Silk 4 4 1 5 2 



Clinical 

complication 

Devices Class of complication Clinical outcome 

Procedure-

Related 

Device-

Related 

Silent Clinical 

sign 

Death 

PED – 5 – 2 3 

Hemorrhagic events Silk 3 2 – 1 4 

PED 4 6 2 2 6 

Hydrocephalus Silk 1 – – – 1 

Total Silk 8 6 1 6 7 

PED 4 11 2 4 9 

  12 17 3 

(1.1 %) 

10 (3.7 %) 16 

(5.9 %) 

Ischemic or thromboembolic events occurred in 13 patients (4.8 %), 8 treated with Silk and 5 with PED. We 

defined ischemic events as the incidence of symptoms related to radiological manifestation of vessel’s 

occlusion, detected with MRI, CT, or angiography, with or without parenchymal ischemic area. Four cases 

(Silk) were considered procedure-related and nine cases were device-related: three side-branch occlusions 

(one with Silk, two with PED) and six in-stent thromboses (three Silk and three PED). The ischemic 

complications resulted in one case with no clinical symptoms (Silk), five (four Silk, one PED) with permanent 

neurological deficits (two visual deficits, two hemiparesis and one vegetative state) and two with transient 

symptoms (one third cranial nerve palsy and one hand–fingers lack of coordination); five patients died (two 

Silk, three PED). 

In anterior circulation, we recorded a 3.5 % mortality rate (9/258 patients) and a 2.3 % morbidity rate 

(6/258 patients); in posterior circulation, we recorded a 19 % mortality rate (7/37 patients) and a 5.4 % 

morbidity rate (2/37 patients). Furthermore if we analyze extradural aneurysms (76 cases), we report a 

mortality rate of 4 % (three cases: two ICA thrombosis and one vessel perforation for giant intracavernous 

aneurysms). 

The mortality in the subgroup of patients treated with coil is higher (35.7 %, 5/14 patients) if compared 

with the total group; this difference is related to use of coils in giant complex aneurysms and the incidence 

of aneurysm rupture after treatment despite the coils. 

We also reported 30 unexpected events without any clinical correlation: 6 device deployment failures (five 

Silk and one PED) requiring the use of another stent, 12 device mispositioning (five in patients treated with 

Silk and seven with PED), 8 small intrastent aggregation (four Silk and four PED) resolved with 

pharmacological or mechanical thrombolysis, and 4 guidewire ruptures (four PED) (Table 4). 

Table 4 

Technical complications 



Technical complications without clinical or radiological correlations Device 

Silk PED 

Failed to deploy 5 1 

Uncorrected positioning 5 7 

Aggregation 4 4 

Guidewire rupture – 4 

Total 14 16 

In these series, 180 patients had already undergone the 3 months follow-up, by digital angiography (Fig. 1); 

85 % achieved a total occlusion of the aneurysm sac (76 % of them were represented by anterior circulation 

aneurysms; 9 % by posterior circulation lesions). In 15 % where we had subtotal occlusions, all aneurysms 

were located in the anterior circulation. 

 

Fig. 1 

a A 60-year-old woman harboring a 9.4-mm ophthalmic aneurysm. b Three-month follow-up angiography 

shows complete occlusion of the aneurysm, with a small translucent rim due to a neointimal layer 

Discussion 

https://static-content.springer.com/image/art%3A10.1007%2Fs00234-012-1047-3/MediaObjects/234_2012_1047_Fig1_HTML.gif


This study confirms that the use of flow-diverter devices may be useful for the endovascular treatment of 

different intracranial aneurysms. However, the analysis of series complications indicates that caution is 

necessary when using a flow-diverter device. The authors are aware that the retrospective nature of the 

study and the collection and interpretation of data by the single operators represent a source of bias, but 

we consider the data to offer better understanding of the peculiarities of flow-diverter devices. 

So far, a number of single institution case series have demonstrated that flow-diverter devices allow 

endovascular treatment of wide neck and fusiform cerebral aneurysms [2, 4, 7–9, 14, 21, 23, 25] (Table 5). 

This is the first multicentric study to evaluate complications related to the flow-diverter device’s 

endovascular placement in a large series of patients, analyzing technical issues of two different devices, i.e., 

the Silk and PED. The number of patients in this investigation represents 30 % of the annual case load of 

endovascular procedures among Italian interventional neuroradiology centers. 

Table 5 

Literature of non-flow-diverter stents 

Author No. of patients Morbidity Mortality 

Fiorella et al. [6] 284 5.3 % 2.8 % 

Piotin et al. [22] 216 7.4 % 4.6 % 

Lylyk et al. [17] 46 8.6 % 2.1 % 

Kis et al. [12] 57 0 % 5.2 % 

Yang et al. [30] 84 0 % 1.2 % 

Mocco et al. [18] 141 2.8 % 2 % 

Notwithstanding the unavailability of long-term results, it is very important to detail and describe 

complications that can somehow affect the FDD use in the treatment of intracranial aneurysms—technical, 

device-related, or not. Importantly, most patients treated have been discharged in unchanged or improved 

clinical status. 

Our results in terms of morbidity and mortality rates seem to be reasonable, especially when compared 

with data retrieved from recent literature concerning the use of both flow-diverter devices, i.e., the Silk and 

the Pipeline (Table 6). Also, this manuscript aims to evaluate safety and efficacy of the use of flow-diverter 

devices in the treatment of intracranial aneurysms. 

Table 6 

Literature on flow-diverter stents 

Author No. patients Morbidity Mortality 

Silk experience 



Author No. patients Morbidity Mortality 

Lubiez et al. [15] 26 15 % 4 % 

Byrne et al. [2] 70 4 % 8 % 

PED experience 

Lylyk et al. [17] 53 0 % 0 % 

Szikora et al. [26] 18 5.5 % 5.5 % 

Nelson et al. [21] 31 6.4 % 0 % 

Silk and PED experience 

Briganti et al. 273 3.7 % 5.9 % 

We had an overall of 3.7 % morbidity rate with a 5.9 % mortality rate; symptomatic complications occurred 

in ten patients: seven ischemic and three hemorrhagic. Considering the etiology, we recognized three of 

them being procedure-related and seven device-related. 

Mortality rate in the intracavernous aneurysm subgroup is very high (4 %; 3/76 patients); probably the 

extradural aneurysms must be treated only if symptomatic and in expert hands. We reported high 

incidence of aneurysm ruptures after treatment in large and giant aneurysms even though the FDD were 

used in combination with coils; the data suggest that the use of coils do not prevent delay aneurysm 

rupture. 

In the pertinent literature, Szikora [26], reported 18 patients with 19 aneurysms treated with 39 PED, with a 

22.2 % rate of clinical complications: two patients (11.1 %) complained of a transient neurological deficit 

(both of them hemiparesis), one (5.5 %) experienced a permanent small visual field deficit, and one died 

(5.5 %) due to a massive SAH caused by perforation of another small aneurysm with the microwire during 

the endovascular procedure. In the report of Lylyk [17], of 53 patients with 63 aneurysms treated with 72 

PED, alone or in association with coils, no major clinically evident complications (stroke or death) were 

encountered within 30 days and minor complications occurred in 6 of 53 patients (11 %), without clinical 

signs. Lubicz [15] studied the use of Silk in 29 patients, with three (10 %) thromboembolic events, one 

death (4 %) due to a delayed aneurysm rupture related to FDD migration, and three (10 %) technical 

failures described. Finally, the trial of Byrne [2] reported a 4 % morbidity rate and 8 % mortality rate, and 

21 % technical difficulties in Silk deployment. 

Concerning the non-diverter stents, Fiorella [6] in an experience with Neuroform reported a total of 25 

ischemic strokes (8.8 %), a morbidity rate of 5.3 %, and a mortality rate of 2.8 %. Piotin [22] reported using 

stent-assisted coils for aneurysm treatment; in this study, of 216 patients treated, 16 (7.4 %) had 

permanent neurological deficits and 10 (4.6 %) died. 

Meta-analysis of data reported in all studies selected from literature showed an overall morbidity rate of 

6.2 % (CI 95 % 4.7–8.1 %). No significant between-study heterogeneity was found (P = 0.456). Further, 



inclusion of the present study (observed morbidity rate of 3.7 % (CI 95 % 2.0–6.7 %)) into the random effect 

meta-analysis can be considered consistent in terms of morbidity rates with the others previously included 

(P = 0.145) and did not provide a substantial change of between-study heterogeneity, as it still remained 

statistically not significant (P = 0.310). 

Likewise, meta-analysis of data reported in all studies selected from literature showed an overall mortality 

rate of 3.4 % (CI 95 % 2.4–4.7 %). No significant between-studies heterogeneity was found (P = 0.825). The 

further inclusion of the present study showed a mortality rate of 5.9 % (CI 95 % 3.6–9.3 %) into the random 

effect meta-analysis, which in terms of mortality rates can also be considered consistent with the other 

results previously included (P = 0.07) and did not provide a substantial change of between-studies 

heterogeneity as it remained statistically not significant (P = 0.355). 

Collectively, these data indicate that proper management of FDD is needed to avoid complications. Aside 

from the aneurysm’s inner features, there is also the possibility of aneurysm rupture after endovascular 

treatment with FDD, as reported in 14 cases in the literature [13, 20, 27]. It has been suggested that, after 

FDD deploying, rapid flow decrease could cause massive intra-aneurismal platelets aggregation; usually 

after 48 h, lytic enzymes released from platelets cause rupture of the aneurysm wall. Moreover, increased 

turbulence at the neck level, or peripheral persistent fresh thrombus, might promote rupture. 

During a short period of observation (mean 10 days, range 1–30 days), we observed seven (2.6 %) giant 

aneurysms rupture after treatment; six (2.2 %) of these patients died from their hemorrhage and the last 

patient developed hemiparesis. However, in our experience, the use of FDD allows better treatment of 

cerebral aneurysms, therefore obtaining safer and more reliable procedures. 

Conclusion 

This retrospective study reflects the experience of 90 % of Italian neuroradiological divisions and represents 

the largest series evaluating the use of the new flow-diverter devices for the treatment of intracranial 

aneurysms. We know the potential interest of this new material, particularly in the treatment of giant and 

fusiform aneurisms. In this early experience, we reported technical complications in 21.5 % of patients; 

probably, the number of adverse events in our trial is related to the recent introduction of the new devices 

and initial inexperience in their use. Furthermore, complications occurred mostly in complex aneurysms 

and in posterior circulation otherwise untreatable; indeed, 62 % of deaths in this series (10/16) occurred in 

large and giant aneurysms even though coils were used. Our statistical analysis confirms that the rates of 

morbidity (3.7 %) and mortality (5.9 %) do not differ from those reported in the major series, concerning 

the use of flow-diverter stents to treat non-ruptured aneurysms. In the early follow-up (3 months), we 

achieved occlusion in 85 % of a total of 185 patients; even though this is preliminary, we believe that it to 

be an encouraging result. Nevertheless more studies are needed, in randomized trials or registry in order to 

evaluate indications and results of these new devices. 
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