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PURPOSE 
We aimed to present our initial experience with a new 
self-expanding flow diverter device designed for wide-neck 
aneurysm treatment, assess its safety for intracranial deploy-
ment and efficacy of occlusion at mid-term follow-up. 

MATERIALS AND METHODS
Forty-five consecutive patients with difficult aneurysmal anat-
omy underwent an endovascular treatment. Fifty-five intra-
cranial aneurysms were clipped using the Pipeline flow-di-
verting stent (ev3 Inc., Plymouth, Minnesota, USA) between 
November 2009 and December 2011. Data including anti-
platelet therapy, technical issues, complications, and imaging 
findings were recorded during the follow-up period. 

RESULTS
Twenty-seven aneurysms were asymptomatic, 13 were 
symptomatic due to mass effect, seven were recurrent, six 
had subarachnoid hemorrhage, and two subjects presented 
with ischemia. There were 45 saccular, six fusiform-dissect-
ing, and four blister aneurysms. The six-month control angi-
ography was available in 34 subjects with an 85.3% (29/34 
patients) complete occlusion rate. The overall occlusion rate 
according to the last angiography was 91.9% (34/37 pa-
tients). The following three major technical complications 
without clinical consequences were encountered: one distal 
wire fracture of the stent delivery system and two insufficient 
stent expansion. There was one fatal nonaneurysmal cerebel-
lar hemorrhage. The overall mortality rate was 2.2% with no 
permanent morbidity.

CONCLUSION
The Pipeline flow-diverting stent represents an important ad-
vancement in endovascular therapy for cerebral aneurysms. 
Standard endovascular techniques are typically not suitable 
for these types of aneurysms. The device targets primary par-
ent vessel reconstruction rather than endosaccular occlusion 
to achieve exclusion of the aneurysm and maintain a relative-
ly high occlusion rate at six months.

T he endovascular treatment of wide-neck aneurysms has been facil-
itated by the use of balloon remodeling and stent assistance, de-
creasing the recanalization rates that were seen with coiling alone 

(1–3). Flow-diverting stents offer a new alternative for the treatment of 
difficult-to-treat aneurysm morphologies, including giant, wide-necked, 
fusiform, and blister types. The Pipeline flow-diverting stent (ev3 Inc., 
Plymouth, Minnesota, USA) is a porous endoluminal sleeve designed with 
approximately 30%–35% surface area coverage, roughly five times that of 
earlier nickel and titanium alloy (nitinol) stents. The Pipeline is thought 
to immediately reduce the inflow and outflow jets from the aneurysm 
and eliminate shear stress on the aneurysm wall, while still allowing 
blood flow to branch arteries and perforators covered by the device (4–6). 
Progressive aneurysm thrombosis is anticipated within days to weeks, 
while neointimal growth covers the device over the course of months. 
Resorption of thrombus from within the aneurysm results in a remodeled 
blood vessel, often with virtual reconstruction of normal anatomy (7, 8). 
To date, a limited number of reports have described the clinical use of 
flow-diverting stents, with several moderate-sized series showing approx-
imately 90%–95% occlusion rates at 6–18 months (9–11). Additionally, 
these devices have been successfully used in challenging cases, including 
fusiform, bifurcation, blister, and giant aneurysms (7, 8, 12). However, 
complications have been reported including branch artery occlusion and 
delayed occlusion of the stented parent vessel shortly after discontinua-
tion of antiplatelet medications. These complications highlight the po-
tential need for long-term antiplatelet therapy (11, 13–15). Reports of 
early successes have also been tempered by published cases of delayed 
aneurysm rupture, with the proposed mechanism being thrombus-asso-
ciated autolysis of the aneurysm wall (16, 17). Early experience with the 
Pipeline has largely been confined to the treatment of unruptured (or re-
motely ruptured and previously treated) intracranial aneurysms (12–17).

We used the standardized grading scale described by O’Kelly et al. (18) 
to evaluate angiographic outcomes. This scale is based on the degree 
of angiographic filling and contrast stasis throughout the angiographic 
phases (arterial, capillary, venous) and was specifically designed to mea-
sure the outcome of flow diversion treatment.

In this study we aimed to present our initial experience with a new 
self-expanding flow diverter device designed for wide-neck aneurysm 
treatment, assess its safety for intracranial deployment and efficacy of 
occlusion at mid-term follow-up. 

Materials and methods
Patient population

A total of 45 patients with 55 intracranial lesions were treated with 
the Pipeline stent at our center between November 2009 and Decem-
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ber 2011. Aneurysms with the follow-
ing characteristics were included: a 
wide neck (4 mm), unfavorable dome/
neck ratio (1.6), large size, fusiform 
anatomy, very small, and those that 
had failed previous therapy. Written 
informed consent was obtained. Data 
were collected prospectively with re-
spect to aneurysm morphology, symp-
toms, previous treatment, antiplatelet 
and anticoagulation regimens, and 
technical and clinical complications. 
At six-month follow-up, evaluation in-
cluded occlusion, mass effect, delayed 
complications, ongoing antiplatelet 
therapy, and in-stent stenosis.

Pipeline flow-diverting stent
The Pipeline flow-diverting stent is 

a composite braided mesh tube of 48 
strands comprised of 75% cobalt chro-
mium and 25% platinum. The single 
wire has a diameter of 30 μm. Devices 
are available with a nominal diame-
ter from 2.5 to 5 mm with 0.25 mm 
increments. The device is inserted via 
a 0.027-inch inner diameter micro-
catheter (Marksman, ev3 Inc., Irvine, 
California, USA). Once the stent has 
reached the desired position, deploy-
ment starts by gently withdrawing the 
catheter and simultaneously advanc-
ing the insertion wire. As soon as the 
distal end of the stent is detached from 
the capture coil, further deployment is 
a combination of advancing the inser-
tion wire and passive backward migra-
tion of the microcatheter. 

Antiplatelet and anticoagulation treatment
Patients with both ruptured and un-

ruptured aneurysms received a loading 
dose of 300 mg aspirin and 600 mg 
clopidogrel 6–12 hours prior to treat-
ment and a dual antiplatelet treatment 
of 300 mg aspirin and 75 mg clopidogrel 
daily thereafter. Each patient was tested 
for proper response to aspirin and clopi-
dogrel with Multiplate® Aggregome-
try (Dynabyte, Munich, Germany). 
According to the “Working Group on 
High On-Treatment Platelet Reactivity” 
consensus statement, a subject with a 
test result higher than 468 aggregation 
units (AU)×min was considered a clopi-
dogrel nonresponder (19). Only two pa-
tients were identified as nonresponders 
to clopidogrel, and the procedure was 
postponed. The next day, these two 
patients were given ticlopidine 1000 
mg (4×250 mg) as a loading dose 6–12 
hours before treatment, and the repeat 

test results showed good response to ti-
clopidine. These two patients received 
dual antiplatelet treatment with 300 
mg aspirin and ticlopidine 2×1 daily 
thereafter. An intravenous bolus of hep-
arin (5000–7500 IU) was given at the 
beginning of the procedure. Activated 
clotting time was measured. 

Dual antiplatelet medication for six 
months was administered for aneu-
rysms in the anterior circulation. This 
management strategy followed the rec-
ommendations from the largest pub-
lished flow-diverting stent study. Dual 
agents were administered 12 months 
for aneurysms in the posterior circula-
tion. Sparse data are currently available 
on the incidence of perforator occlu-
sion. (9–11). Patients were monitored 
for clopidogrel compliance by direct 
questioning. A longitudinal study 
was undertaken beyond six months 
in patients with nonocclusion of the 
aneurysm (stopping clopidogrel at six 
months in the anterior circulation cas-
es) or in-stent stenosis (maintaining 
clopidogrel). Patients receiving ticlopi-
dine were controlled monthly with 
routine hematologic examination un-
til the drug was discontinued.

Endovascular procedure
Endovascular procedures were per-

formed under general anesthesia and 
systemic heparinization. The parent 
artery was catheterized with a 6 F 
guide catheter or with a telescoping 
system with a 6 F long sheath (Shut-
tle, Cook Medical, Bloomington, Indi-
ana, USA) and 6 F distal access guide 
catheter (Fargo/FargoMax, Balt Extru-
sion, Montmorency, France). A sys-
tem of telescopic catheters was used 
to achieve good support for the stent 
navigation. A Marksman microcathe-
ter was inserted into the parent artery 
distally to the aneurysm with a 0.016-
inch micro-guidewire. The correct ex-
pansion of the stent was documented 
under fluoroscopy. Balloon dilatation 
after incomplete expansion of the de-
vice was carried out in two cases. In-
sufficient expansion of the stent was 
mainly observed in vessel segments 
with tight or acute curves.

Follow-up
Elective patients were admitted 

the day before the procedure and 
discharged after 36–72 hours. A six-
month control routine angiogram was 
obtained. Additional angiography was 

performed if the aneurysm was open 
or in-construct narrowing was present. 
In patients with mass effect, magnetic 
resonance imaging or computed to-
mography was also performed to assess 
interval change after treatment and, 
if possible, after clopidogrel was dis-
continued. Clinical follow-up was per-
formed at 1, 3, 6, and 12 months, in 
addition to an independent evaluation 
by a neurologist or neurosurgeon. Pa-
tients were also seen more regularly if 
they had complex problems. The treat-
ment outcome for saccular aneurysms 
were evaluated according to the O’Kel-
ly-Marotta (OKM) grading scale (18).

In the case of complete aneurysm oc-
clusion at follow-up angiography and 
the absence of intimal hyperplasia with-
in the stent, we advised the patient to 
continue with dual antiplatelet therapy 
for an additional 3–6 months. The deci-
sion for repeat treatment was made indi-
vidually based on the angiographic find-
ings, patient’s age, and clinical status.

Results
Patient and aneurysm characteristics

Data on 55 aneurysms in 45 patients 
were collected. Thirty-two females and 
13 males (2.4:1) with a mean age of 48.8 
years (median, 50 years; range, 8–70), 
mean aneurysm size of 14.2 mm (medi-
an, 10 mm; range, 2–45 mm), and mean 
aneurysm neck size of 6.8 mm (medi-
an, 5.5 mm; range, 2–38 mm) were in-
cluded in the study. There were 9 giant 
(>25 mm), 22 large (10–25 mm), and 
24 small (<10 mm) aneurysms. Of the 
55 treated lesions, 27 (49%) were found 
incidentally, 13 (23%) had mass effect, 
seven (13%) were recurrent aneurysms, 
six (11%) had subarachnoid hemor-
rhage, and two (4%) subjects present-
ed with ischemic symptoms. The series 
comprised 45 (82%) saccular, six (11%) 
fusiform, and four (7%) blister aneu-
rysms. Forty-nine aneurysms were in 
the anterior circulation, and six were in 
the posterior circulation. Eight patients 
had received prior treatment; seven an-
eurysms were treated endovascularly 
and two aneurysms were clipped (one 
subject had two aneurysms treated by 
a coil and clip). Clinical presentation 
and aneurysm characteristics are pre-
sented in Table.

Treatment and procedural outcomes
Sixty-six stents were placed in 55 an-

eurysms (1.2 per aneurysm). Treatment 
with the Pipeline stent was performed 
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Table. Summary of the patients

No/Age 	 Clinical	 Location	 Type	 Size/Neck	 Peri-procedural	 Late clinical	 Control	 Follow-up
(years)/Gender	 presentation		   	 (mm)	 complication	 complication	  DSA	 (months)/
							       (months)	 Comment

1/46/Female	 Mass effect	 Carotid-cavernous	 S	 34/11	 -	 Transient 	 Complete (6)	 9/-
						      increase of 
						      mass effect	

2/44/Female	 Incidental	 Superior hypophyseal	 S	 3/2	 -	 -	 Complete (6)	 12/-

3/42/Female	 Incidental	 Posterior cerebral 	 S	 10/7	 Spontaneous	 Exitus at sixth	 Not available	 Not available
		  artery P2-P3			   cerebellar 	 day
					     hemorrhage after 
					     28 hours		

4/59/Female	 Incidental	 Parophthalmic	 S	 15/6	 -	 -	 Complete (6)	 7/Clopidogrel 
								        resistance

5/51/Female	 Mass effect	 Carotid-cavernous	 S	 25/9-10/4	 -	 -	 Complete (6)	 26/-

6/53/Male	 Ischemia	 Vertebral V4	 F	 16/9	 -	 -	 Complete (6)	 26/-

7/50/Male	 Ischemia	 Vertebral V4	 F	 21/18	 -	 -	 Complete (6)	 13/-

8/46/Female	 Incidental	 Bilateral parophthalmic	 S	 8/6-4/4	 -	 -	 Complete (6)	 16/-

9/48/Male	 Recurrent 	 Bilateral	 S	 24/8-5/4	 -	 -	 Complete (6)	 15/-
	 (coil) 	 parophthalmic
	 incidental  
	 aneurysms						    

10/33/Female	 Mass effect	 Parophthalmic	 S	 26/7	 -	 -	 Complete (6)	 26/-

11/39/Female	 Incidental	 Parohthalmic-	 S	 11/4-2/2	 -	 -	 Complete (6)	 12/-
		  Paraclinoid

12/39/Male	 Chronic SAH	 Bilateral parophthalmic	 B	 2/2-2/3	 -	 -	 Complete (12)	 12/-

13/70/Female	 Incidental	 Parophthalmic	 S	 26/9	 -	 -	 Complete (6)	 23/Mild 
								        stenosis

14/54/Female	 Mass effect	 Carotid-cavernous	 S	 24/11	 -	 Transient 	 Complete (6)	 19/-
						      increase of mass 
						      effect	

15/51/Female	 Incidental	 Parophthalmic	 S	 9/6	 -	 -	 Complete (6)	 20/-

16/49/Female	 Recurrent 	 Supraclinoid	 B	 7/4	 -	 -	 Complete (6)	 25/-
	 (clip, coil) 
	 aneurysms 
	 (acute SAH)	

17/55/Male	 Incidental	 Superior hypophyseal	 S	 10/4	 -	 -	 Complete (6)	 13/Mild 
								        stenosis

18/32/Male	 Recurrent 	 Parophthalmic	 S	 14/6	 -	 -	 Complete (6)	 19/-
	 (stent+coil) 
	 aneurysm	

19/57/Female	 Mass effect	 Parophthalmic	 S	 22/8	 -	 -	 Complete (6)	 13/-

20/51/Male	 Chronic SAH	 Posterior 	 S	 18/9-2/2-3/3	 Insufficient	 -	 Complete	 19/-
		  communicating 			   expansion of		  (12, 18)
		  artery			   proximal stent,
		  Paraclinoid			   balloon angiplasty			 

21/55/Male	 Recurrent 	 Parophthalmic	 S	 14/7	 -	 -	 Incomplete (6)	 27/-
	 (coil) 
	 aneurysm	

22/55/Female	 Mass effect	 Petrous ICA	 S	 16/5	 -	 -	 Complete (6)	 28/-

23/55/Male	 Mass effect	 Superior hypophyseal	 S	 28/9	 -	 Transient 	 Incomplete (12)	 18/Another
						      increase of mass	 Complete (18)	 stent
						      effect	 (CTA)	 implantation at
							        	 12th month

24/50/Female	 Mass effect	 Carotid-cavernous	 S	 22/11	 -	 -	 Complete (6)	 11/-

25/8/Female	 Dysphagia	 Prepetrous ICA	 S	 45/9	 -	 -	 Complete (6)	 23/-
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in 48 (87%) previously untreated lesions. 
Balloon dilatation after incomplete ex-
pansion of the device was carried out in 
two cases. Partial expansion of the device 
was mainly observed in vessel segments 

with tight or acute curves. There were 
seven (13%) lesions that had been pre-
viously treated endovascularly (two with 
stent and coil, five with coil only). More 
than one stent was implanted in nine 

out of 55 aneurysms. The decision to im-
plant more than one device was based 
on anatomical characteristics (very large 
neck or fusiform aneurysms) or on clin-
ical presentation (ruptured aneurysm). 

Table. Summary of the patients (cont.)

No/Age 	 Clinical	 Location	 Type	 Size/Neck	 Peri-procedural	 Late clinical	 Control	 Follow-up
(years)/Gender	 presentation		   	 (mm)	 complication	 complication	  DSA	 (months)/
							       (months)	 Comment

26/52/Female	 Chronic SAH	 Superior hypophyseal	 S	 3/2	 -	 -	 Complete (6)	 19/-

27/59/Male	 Acute SAH	 Basilar trunk	 F	 14/7	 -	 -	 Incomplete (6)	 20/-
							       Complete (12)	

28/31/Female	 Incidental	 Bilateral parophthalmic	 S	 10/5-8/4	 -	 -	 Complete (6)	 18/-

29/50/Female	 Chronic SAH	 Supraclinoid 	 B	 2/5	 -	 -	 Complete (6)	 16/-

30/38/Female	 Incidental	 Bilateral parophthalmic	 S	 5/4-3/3	 -	 Amaurosis fugax 	 Complete (6)	 18/Still under
						      at sixth month		  double 
								        antiaggregant

31/31/Female	 Incidental	 Parophthalmic	 S	 18/8	 Break off the wire 	 -	 Complete (6, 18)	 19/-
					     end without 
					     clinical 
					     consequences	

32/48/Female	 Incidental	 Superior hypophyseal	 S	 4/2	 -	 -	 Incomplete (6)	 18/-
							       Complete (12)	

33/63/Female	 Incidental	 Paraclinoid	 S	 9/5	 -	 -	 Complete 	 19/-
							       (6, 12)	

34/51/Female	 Mass effect	 Middle cerebral artery 	 F	 28/22	 Transient ischemic	 -	 Incomplete (6)	 9/-
					     attack	
		  M1-M2 (partially 
		  thrombosed)			 

35/53/Male	 Mass effect	 Basilar trunk (partially 	 F	 36/38	 -	 -	 -	 8/-
		  thrombosed)	

36/50/Female	 Acute SAH	 Supraclinoid 	 B	 2/3	 -	 -	 Incomplete (6)	 9/-

37/70/Male	 Mass effect 	 Middle cerebral artery	 F	 40/-
	 (contained 	 M2 (partially		  2/-rupture	 -	 -	 Complete (6) 	 6/Diminished
	 rupture)	 thrombosed)		  site			   (rupture site)	 mass effect

38/50/Female	 Incidental	 Superior hypophyseal	 S	 16/6	 -	 -	 -	 5/-

39/55/Female	 Mass effect	 Superior hypophyseal	 S	 32/8	 -	 -	 Complete (6)	 6/-

40/50/Male	 Recurrent 	 Posterior	 S	 24/7	 -	 -	 -	 5/-
	 (stent+coil) 	 communicating
	 aneurysm	 artery	

41/55/Female	 Recurrent 	 Posterior ICA	 S	 8/4	 -	 -	 -	 7/-
	 (coil) 
	 aneurysm	

42/43/Female	 Incidental	 Parophthalmic	 S	 10/5	 insufficient 	 -	 Complete (6)	 7/Clopidogrel
					     expansion of stent, 		 resistance
					     acute thrombosis, 
					     thrombolysis, 
					     balloon angioplasty		

43/56/Female	 Thrombosed 	 Carotid-cavernous	 S	 22/9	 -	 -	 -	 5/-
	 CCF	

44/38/Female	 Incidental	 Parophthalmic	 S	 6/5	 -	 -	 -	 5/-

45/63/Female	 Incidental	 Parophthalmic	 S	 3/2-2/2	 -	 -	 -	 5/-
	 Recurrent 
	 (coil) aneurysm			 

B, blister; CCF, carotid cavernous fistula; CTA, computed tomography angiography; DSA, digital subtraction angiography; F, fusiform; ICA, internal carotid artery;  
S, saccular; SAH, subarachnoid hemorrhage.
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According to this strategy, we limited the 
procedure to a single device if reduced 
aneurysm filling or contrast stagnation 
was visible in the venous phase, insinu-
ating a high likelihood of intra-aneurys-
mal thrombosis. We did not observe any 
clinically relevant side branch occlusions 

on postinterventional or follow-up an-
giograms in the treated lesions (Figs. 1–5).

Procedural technical and clinical complications
Adjunctive therapies were adminis-

tered in three patients, including two 
cases where additional balloon angio-

plasty was required to open the stent 
fully. In two of these cases, the tran-
sitory flow obstruction caused by the 
incompletely opened stent resulted in 
an immediate thrombotic event ne-
cessitating administration of tirofiban 
hydrochloride (Aggrastat, Merck&Co, 

Figure 1. a–d. Case 24. Anteroposterior (a) and lateral (b) projections of the left carotid angiography show one large and two small aneurysms. 
Immediately after one Pipeline stent implantation (c) and six-month control angiography (d) revealed occlusion of all aneurysms. 

a

c

b

d
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West Point, Pennsylvania, USA). Alto-
gether, procedural thrombotic events 
were treated with adjunctive medical 
therapy of intravenous Aggrastat in 
these three patients (4%). None of the 
subjects developed permanent neu-
rological deficits. One major clinical 
complication encountered was a fatal 
nonaneurysmal cerebellar hemorrhage.

Aneurysm closure at follow-up
Thirty-four of 55 aneurysms were 

available for imaging at six months 
follow-up. The demonstrated aneu-
rysm occlusion rate at six months was 
85.3% (29/34), and the overall occlu-
sion rate according to the last angi-
ography was 91.9% (34/37). A second 
stent treatment was carried out in one 
patient because of persistent aneurysm 
filling on follow-up angiography. This 
second stent successfully excluded the 
aneurysm on follow-up angiography. 
The mortality rate in the series was 
2.2% with no permanent morbidity. 

In-stent stenosis and thrombosis, delayed 
aneurysmal rupture

Two patients had asymptomatic 
in-construct stenosis of less than 50%. 

All patients were ex-smokers, and one 
was noncompliant with clopidogrel. 
These patients, however, were asymp-
tomatic, and no additional adjunctive 
therapies were applied. Both continued 
dual antiplatelet therapy beyond six 
months and remained asymptomatic.

Thirteen patients presented with 
focal neurologic deficits from aneu-
rysmal compression just before the 
endovascular therapy. Four subjects 
presented acutely, and nine present-
ed with long-standing deficits. Steroid 
treatment was administered in four 
subjects for 24 hours to prevent pos-
sible mass effect aggravation. There 
were three transient mass increases de-
spite steroid treatment, which resolved 
completely with time (one, two, and 
three months) and longer steroid treat-
ment. Acute aneurysm-provoked mass 
effect resolved or improved significant-
ly in all cases by the sixth month. Two 
subjects had ongoing mild diplopia at 
six months but subsequently markedly 
improved. No changes were observed 
in the patient with long-standing an-
eurysmal compression. No patient de-
veloped delayed aneurysm rupture.

Discussion
Endovascular treatment of intracra-

nial aneurysms has recently focused 
on an endosaccular approach to an-
eurysm obliteration. Following the 
introduction of Guglielmi detachable 
coils two decades ago, advances in coil 
technology and the use of adjunct de-
vices, including stents and microbal-
loons, have facilitated treatment and 
improved outcomes for endosaccular 
aneurysm embolization (20–23). Large 
(>10 mm) or wide-neck (>4 mm) an-
eurysms or those with an unfavorable 
dome/neck ratio are more difficult to 
treat and more prone to recurrence fol-
lowing endovascular therapy (24–26). 

Flow diverters represent a novel class 
of endoluminal devices that promote 
parent vessel reconstruction, a strat-
egy ideally suited for aneurysms with 
diffuse circumferential involvement of 
the parent vessel. Aneurysm treatment 
with flow-diverting devices is rapidly 
becoming a suitable and, in certain 
cases, preferred alternative to tradi-
tional endosaccular therapy with coils. 
Coil embolization is often criticized for 
high recurrence rates and incomplete 
aneurysm occlusion compared with 

Figure 2. a, b. Case 26. Previous subarachnoid hemorrhage (chronic period). Right carotid angiogram (contralateral oblique projection) (a) 
revealed a 3 mm saccular aneurysm of the superior hypophyseal artery. After one Pipeline stent implantation, six-month angiography (b) 
showed complete occlusion. 

a b
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Figure 3. a, b. Case 6. Left vertebral artery V4 segment dissecting aneurysm is seen on angiography (arrow, a). After one Pipeline flow-diverting 
stent implantation, six-month control angiography (b) revealed complete occlusion.

a b

Figure 4. a, b. Case 27. Previous subarachnoid hemorrhage (acute period, 10 days). Basilar artery dissecting aneurysm is seen (a). The 
right-sided anterior inferior cerebellar artery (AICA) arising from the aneurysm sac is also noted (arrow). After two telescopic Pipeline stent 
implantations, one-year control angiography (b) showed complete occlusion of the aneurysm. The right AICA proximal segment reconstruction 
and remodeling are seen, which originated from the aneurysm sac one year before.

a b
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microsurgical clipping, particularly in 
larger aneurysms and those with wide 
necks (27–29).

The Pipeline flow-diverting stent re-
sults in mechanical flow disruption fol-
lowed by aneurysm thrombosis and ul-

timately parent vessel remodeling with 
endothelialization of the construct. 
When the aneurysm is completely ex-
cluded from the circulation, the throm-
bus resorbs and the aneurysm collaps-
es around the construct (30). There is 

one other flow-diverting device called 
Silk stent (Balt, Montmorency, France) 
with encouraging initial results. It has 
the advantage of re-sheathable proper-
ty, which may lower the likelihood of 
device misplacement.

Figure 5. a–d. Case 20. A case having bilateral carotid aneurysms, which had ruptured (chronic period) and a wide-neck posterior 
communicating artery aneurysm on the right side. The sharp-angled multiple loops located in the distal carotid artery are noted (a). Plain 
radiograph (b) shows insufficient expansion of the Pipeline stent and an angioplasty balloon inside it. Distal marker of the balloon was located 
at the narrowest segment of the stent. After balloon angioplasty, the stent was fully expanded (c). The good conformity of the stent along the 
different segment of the parent artery is seen. Control angiography 1.5 years later showed complete occlusion of the aneurysm (d).

a

c

b

d
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Various early published trials and 
case series of Pipeline stent use, pri-
marily from international groups, have 
demonstrated that the device is safe 
and effective for aneurysm treatment. 
The Pipeline for Uncoilable or Failed 
Aneurysms (PUFS) clinical study was a 
prospective single-arm multicenter tri-
al that provided the primary evidence 
for safety and efficacy of Pipeline stent 
use. Patients in this trial had large or 
giant aneurysms with neck sizes larg-
er than 4 mm of the paraophthalmic, 
cavernous or petrous internal carotid 
artery (31). Of the 108 patients treat-
ed, Pipeline stent placement was suc-
cessful in 107 patients (99%). A total 
of 341 devices were implanted, with 
a mean of 3.1 stents placed per aneu-
rysm. A single device was implanted in 
two of 107 patients (2%). Severe com-
plications of major ipsilateral stroke or 
neurological death were reported in six 
of the 107 patients (5.6%). Intracranial 
hemorrhage occurred in five patients 
(4.7%), and four of those occurred pri-
or to hospital discharge. No subarach-
noid hemorrhage was reported. These 
results are similar to those in our se-
ries, in which severe complications 
occurred in one patient (2.2%). How-
ever, one patient in our series had an 
intracranial hemorrhage contrasting 
with five patient in the PUFS trial. Ad-
ditionally, a single device was used in 
82% of our cases compared with 2% in 
the PUFS trial.

The Pipeline stent for the Intracra-
nial Treatment of Aneurysms (PITA) 
trial was a multicenter single-arm 
nonrandomized clinical trial conduct-
ed at three European centers and one 
center in Argentina and included 31 
patients with 31 aneurysms that were 
wide-necked or had failed previous en-
dovascular treatment (10). In this trial, 
47 devices were placed with a mean 
of 1.52 devices per aneurysm. A single 
device was used in 18 of the 31 cases 
(58.1%). Stent placement was techni-
cally successful in 30 of the 31 aneu-
rysms (96.8%). Severe complications of 
major stroke occurred in two patients 
(6.5%), and no minor strokes were re-
ported.

Published reports from large series 
and registries show similar or, in some 
reports, better results. Lylyk et al. (9) 
reported treatment of 53 patients with 
63 aneurysms with these Pipeline 
flow-diverting stent in Buenos Aires. 
Of note, however, six of these patients 

were also included in the PITA trial. 
Seventy stents were implanted and 
no major complications were report-
ed. Minor complications did occur in 
six of the 53 patients (11%), including 
exacerbation of cranial neuropathy, 
groin hematoma, and rash. Szikora 
et al. (11) reported Pipeline flow-di-
verting stent treatment in 18 patients 
with 19 aneurysms in Budapest, and 
nine of those patients participated 
in the PITA study. Thirty-nine stents 
were implanted; one death (5.5%) oc-
curred, and there was one case of acute 
in-stent thrombosis with subsequent 
transient hemiparesis. McAuliffe and 
Wenderoth (32) reported a prospective 
multicenter registry of 57 aneurysms 
in 54 patients treated with Pipeline 
stent in Australia. They reported a to-
tal of 98 stents placed, with no major 
stroke or death. Fischer et al. (33) re-
ported a single-center case series of 88 
patients with 101 aneurysms treated in 
Germany. One case of technical failure 
occurred and six patients (5.9%) devel-
oped major complications, including 
one death (1%).

In our series, minor complications 
occurred in 8.8% (three transient in-
crease of mass effect and one transient 
ischemic attack) of the cases, which is 
in line with the rate of 11% reported 
by Lylyk et al. (9). Furthermore, our 
2.2% rate of major complications falls 
in the middle of the 0%–5.9% range re-
ported in all these series. In our series 
a triaxial support system was used in 
44/45 (98%) of cases, as this provides 
the necessary support and distal access 
for manipulation and deployment of 
the stent.

The single major complication in our 
series of acute cerebellar hemorrhage 
28 hours after Pipeline implantation 
occured following treatment of a wide-
necked 10 mm posterior cerebral artery 
P2-P3 aneurysm with a single stent 
(patient number 3). From a technical 
standpoint, the embolization was un-
eventful and the device was implant-
ed without any significant challenges. 
Emergency posterior fossa decompres-
sion revealed a huge intracerebellar 
hematoma in this patient. Therefore, 
the nonaneurysmal hemorrhage was 
deemed to be the cause of morbidity. 

Aneurysm rupture has been previ-
ously reported following flow-divert-
ing stent treatment of both unruptured 
and previously ruptured aneurysms 
(11, 32–34). Treatment of an aneurysm 

by flow diversion does not immediately 
exclude the aneurysm from the stress-
es of the arterial circulation. Further-
more, before neoendothelialization of 
the stent, there is still a risk of rupture . 
The steps leading up to aneurysm rup-
ture following flow diversion is most 
likely a complex multifactorial process, 
with different factors involved in acute 
versus delayed rupture and in the rup-
ture of small aneurysms versus large/
giant aneurysms. Various hypotheses 
have been proposed for the etiology of 
aneurysm wall destabilization and rup-
ture following implantation of a flow 
diverter. These include altered intra-
luminal and intra-aneurysmal hemo-
dynamics and also the proteolytic, in-
flammatory and ischemic effects that 
the endosaccular thrombus has on the 
aneurysm wall (16, 34–36). However, 
further studies are needed to better un-
derstand these processes.

Two additional techniques com-
monly employed by the flow-diverting 
stent users to provide additional aneu-
rysm protection are the placement of 
multiple overlapping stents and the 
adjunctive use of coils. Multiple over-
lapping or telescoped stents increase 
the mesh density over the aneurysm 
neck, thereby facilitating the flow-di-
verting properties of the construct. 
Adjunctive coils promote endosaccular 
thrombosis and theoretically provide 
increased protection of the aneurysm 
when combined with flow diversion. 
However, there are potential down-
sides to both of these approaches. 
Placement of multiple stents increas-
es the technical difficulty of the case, 
prolongs the procedure time, and the 
additional metal in the parent artery 
is likely to increase the risk of intra-
luminal thrombosis. Adjunctive coil 
placement increases procedural risk 
of aneurysm perforation because of 
the need to access the aneurysm with 
a catheter and wire. Neither of these 
techniques leads to complete immedi-
ate angiographic occlusion of the an-
eurysm in all cases, a finding thought 
to correspond to maximal aneurysm 
protection. Furthermore, neither of 
these techniques fully protects against 
aneurysm rupture. Fischer et al. (33) re-
ported rupture of an aneurysm despite 
treatment with multiple flow-diverting 
stents and adjunctive coils.

In-stent thrombosis is an ongoing 
concern in patients following implan-
tation of a flow-diverting stent. Szikora 
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et al. (11) reported one case of acute 
intra-procedure in-stent thrombosis 
attributed to patient noncompliance 
with antiplatelet medications. The 
thrombogenicity of the device is a 
real concern, and prophylaxis requires 
strict adherence to a dual antiplatelet 
regimen, full intra-procedure system-
ic heparinization and, in some cases, 
postprocedure systemic hepariniza-
tion. Postprocedure systemic hepa-
rinization was used following cases of 
aggressive vessel manipulation or im-
plantation of multiple devices. In two 
of our cases, the transitory flow ob-
struction caused by the incompletely 
opened stent resulted in an immediate 
thrombotic event necessitating admin-
istration of tirofiban hydrochloride. 
These two cases were treated with ad-
junctive medical therapy with intra-
venous Aggrastat and balloon angio-
plasty. None of the subjects developed 
permanent neurological deficits. 

Platelet inhibition assays were rou-
tinely used in our series. Only two pa-
tients were found to be nonresponders 
to clopidogrel and were given ticlopi-
dine instead. Although there is grow-
ing interest in performing these tests 
prior to implantation of a vascular 
reconstruction device or flow-divert-
ing stent, the interpretation of the 
results of these tests is certainly not 
standardized. The ideal level of plate-
let inhibition prior to flow-diverting 
stent implantation has yet to be estab-
lished, and the appropriate response 
to perturbation of this level is not 
well understood. The results from the 
“Working Group on High On-Treat-
ment Platelet Reactivity” have recently 
been published (19). Although these 
results are from the cardiology litera-
ture, radiologists should be aware of 
these results as well when performing 
neuroendovascular procedures. 

In conclusion, flow diversion us-
ing the Pipeline stent is a technical-
ly straightforward and relatively safe 
treatment modality for the treatment 
of wide-necked saccular side-wall aneu-
rysms, fusiform aneurysms, remnants of 
aneurysms after surgical or endovascu-
lar treatment, recurrent aneurysm, and 
dissected vessels in selected cases. Our 
study shows that the Pipeline flow-di-
verting stent is useful for endovascular 
treatment of complex intracranial an-
eurysms. Despite its potential interest 
to treat complex intracranial aneurysms 
without coils, the delayed clinical and 

anatomic complication rates are ques-
tionable and lead one to use this tech-
nique only in selected cases. Flow-di-
verting stents do not present a panacea, 
but new technologies and the rapid 
development of intracranial stents have 
broadened the treatment options for 
intracranial aneurysm and allow many 
previously untreatable cerebral aneu-
rysms to be successfully managed. The 
immediate procedural outcomes using 
this technique in our series appear quite 
promising, although long-term results 
will need to be assessed.

Conflict of interest disclosure
The authors declared no conflicts of interest. 

References

1.	 Raymond J, Guilbert F, Weill A, et al. 
Long-term angiographic recurrences af ter 
selective endovascular treatment of aneu-
rysms with detachable coils. Stroke 2003; 
34:1398–1403. [CrossRef]

2.	 Cognard C, Weill A, Spelle L, et al. Long-
term angiographic follow-up of 169 
intracranial berry aneurysms occluded 
with detachable coils. Radiology 1999; 
212:348–356.

3.	 Henkes H, Fischer S, Liebig T, et al. Re-
peated endovascular coil occlusion in 350 
of 2759 intracranial aneurysms: safety 
and effectiveness aspects. Neurosurgery 
2006; 58:224–232. [CrossRef]

4.	 Kallmes DF, Ding YH, Dai D, Kadirvel 
R, Lewis DA, Cloft HJ. A new endolumi-
nal, flow-disrupting device for treatment 
of saccular aneurysms. Stroke 2007; 
38:2346–2352. [CrossRef]

5.	 Kallmes DF, Ding YH, Dai D, Kadirvel R, 
Lewis DA, Cloft HJ. A second generation, 
endoluminal, flow-disrupting device for 
treatment of saccular aneurysms. AJNR 
Am J Neuroradiol 2009; 30:1153–1158. 
[CrossRef]

6.	 Sadasivan C, Cesar L, Seong J, et al. An orig-
inal flow diversion device for the treatment 
of intracranial aneurysms: evaluation in the 
rabbit elastase-induced model. Stroke 2009; 
40:952–958. [CrossRef]

7.	 Fiorella D, Kelly ME, Albuquerque FC, 
Nelson PK. Curative reconstruction of a 
giant midbasilar trunk aneurysm with the 
Pipeline embolization device. Neurosur-
gery 2009; 64:212–217. [CrossRef]

8.	 Fiorella D, Woo HH, Albuquerque FC, 
Nelson PK. Definitive reconstruction of 
circumferential, fusiform intracranial an-
eurysms with the pipeline embolization 
device. Neurosurgery 2008; 62:1115–
1120. [CrossRef]

9.	 Lylyk P, Miranda C, Ceratto R, et al. Cu-
rative endovascular reconstruction of 
cerebral aneurysms with the Pipeline em-
bolization device: the Buenos Aires expe-
rience. Neurosurgery 2009; 64:632–642. 
[CrossRef]

10.	 Nelson PK, Lylyk P, Szikora I, Wetzel SG, 
Wanke I, Fiorella D. The Pipeline emboli-
zation device for the treatment of intra-
cranial aneurysms trial. AJNR Am J Neu-
roradiol 2011; 32:34–40.

11.	 Szikora I, Berentei Z, Kulcsar Z, et al. Treat-
ment of intracranial aneurysms by func-
tional reconstruction of the parent artery: 
the Budapest experience with the Pipeline 
embolization device. AJNR Am J Neurora-
diol 2010; 31:1139–1147. [CrossRef]

12.	 Rasskazoff S, Silvaggio J, Brouwer PA, 
Kaufmann A, Nistor A, Iancu D. Endovas-
cular treatment of a ruptured blood blis-
ter-like aneurysm with a flow diverting 
stent. Interv Neuroradiol 2010; 16:255–
258.

13.	 van Rooij WJ, Sluzewski M. Perforator 
infarction after placement of a Pipeline 
flow-diverting stent for an unruptured A1 
aneurysm. AJNR Am J Neuroradiol 2010; 
31:43–44. [CrossRef] 

14.	 Fiorella D, Hsu D, Woo HH, Tarr RW, Nel-
son PK. Very late thrombosis of a Pipeline 
embolization device construct: case re-
port. Neurosurgery 2010; 67(3 Suppl Op-
erative):E313–314.

15.	 Klisch J, Turk A, Turner R, Woo HH, 
Fiorella D. Very late thrombosis of flow 
diverting constructs after the treatment 
of large fusiform posterior circulation an-
eurysms. AJNR Am J Neuroradiol 2011; 
32:627–632. [CrossRef]

16.	 Cebral JR, Mut F, Raschi M, et al. Aneu-
rysm rupture following treatment with 
flow-diverting stents: computational he-
modynamics analysis of treatment. AJNR 
Am J Neuroradiol 2011; 32:27–33.

17.	 Kulcsar Z, Houdart E, Bonafe A, et al. In-
tra-aneurysmal thrombosis as a possible 
cause of delayed aneurysm rupture after 
flow-diversion treatment. AJNR Am J 
Neuroradiol 2011; 32:20–25.

18.	 O’Kelly CJ, Krings T, Fiorella D, Marotta 
TR. A novel grading scale for the angio-
graphic assessment of intracranial aneu-
rysms treated using flow diverting stents. 
Interv Neuroradiol 2010; 16:133–137.

19.	 Sibbing D, Byrne RA, Bernlochner I, Kas-
trati A. High platelet reactivity and clin-
ical outcome. Fact and fiction. Thromb 
Haemost 2011; 106:191–202. [CrossRef]

20.	 Guglielmi G, Vinuela F, Sepetka I, Macel-
lari V. Electrothrombosis of saccular an-
eurysms via endovascular approach. Part 
1: Electrochemical basis, technique, and 
experimental results. J Neurosurg 1991; 
75:1–7. [CrossRef]

21.	 Arthur AS, Wilson SA, Dixit S, Barr JD. 
Hydrogel-coated coils for the treatment of 
cerebral aneurysms: preliminary results. 
Neurosurg Focus 2005; 18:E1. [CrossRef]

22.	 Colby GP, Paul AR, Radvany MG, et al. A 
single center comparison of coiling versus 
stent assisted coiling in 90 consecutive 
paraophthalmic region aneurysms. J Neu-
rointerv Surg 2012; 4:116–120. [CrossRef]

http://dx.doi.org/10.1161/01.STR.0000073841.88563.E9
http://dx.doi.org/10.1227/01.NEU.0000194831.54183.3F
http://dx.doi.org/10.1161/STROKEAHA.106.479576
http://dx.doi.org/10.3174/ajnr.A1530
http://dx.doi.org/10.1161/STROKEAHA.108.533760
http://dx.doi.org/10.1227/01.NEU.0000337576.98984.E4
http://dx.doi.org/10.1227/01.neu.0000325873.44881.6e
http://dx.doi.org/10.1227/01.NEU.0000339109.98070.65
http://dx.doi.org/10.1227/01.NEU.0000339109.98070.65
http://dx.doi.org/10.3174/ajnr.A2023
http://dx.doi.org/10.3174/ajnr.A2034
http://dx.doi.org/10.3174/ajnr.A2571
http://dx.doi.org/10.1160/TH11-01-0040
http://dx.doi.org/10.3171/jns.1991.75.1.0001
http://dx.doi.org/10.3171/foc.2005.18.2.2
http://dx.doi.org/10.1136/jnis.2011.004911


164 • March–April 2013 • Diagnostic and Interventional Radiology	 Çınar et al.

23.	 Aletich VA, Debrun GM, Misra M, Char-
bel F, Ausman JI. The remodeling tech-
nique of balloon assisted Guglielmi de-
tachable coil placement in wide-necked 
aneurysms: experience at the University 
of Illinois at Chicago. J Neurosurg 2000; 
93:388–396. [CrossRef]

24.	 Jahromi BS, Mocco J, Bang JA, et al. Clin-
ical and angiographic outcome after en-
dovascular management of giant intra-
cranial aneur ysms. Neurosurgery 2008; 
63:662–674. [CrossRef]

25.	 Fernandez Zubillaga A, Guglielmi G, 
Vinuela F, Duckwiler GR. Endovascular 
occlusion of intracranial aneurysms with 
electrically detachable coils: correlation 
of aneurysm neck size and treatment 
results. AJNR Am J Neuroradiol 1994; 
15:815–820.

26.	 Ries T, Siemonsen S, Thomalla G, Grzys-
ka U, Zeumer H, Fiehler J. Long-term fol-
low-up of cerebral aneurysms after endo-
vascular therapy prediction and outcome 
of retreatment. AJNR Am J Neuroradiol 
2007; 28:1755– 1761. [CrossRef]

27.	 Ferns SP, Sprengers ME, van Rooij WJ, et 
al. Coiling of intracranial aneurysms: a 
systematic review on initial occlusion and 
reopening and retreatment rates. Stroke 
2009;40:e523–529. [CrossRef]

28.	 van Rooij WJ, Sluzewski M. Endovascular 
treatment of large and giant aneurysms. 
AJNR Am J Neuroradiol 2009; 30:12–18. 
[CrossRef]

29.	 Raja PV, Huang J, Germanwala AV, Gail-
loud P, Murphy KP, Tamargo RJ. Micro-
surgical clipping and endovascular coil-
ing of intracranial aneurysms: a critical 
review of the literature. Neurosurgery 
2008; 62:1187–1202. [CrossRef]

30.	 Fiorella D, Lylyk P, Szikora I, et al. Cura-
tive cerebrovascular reconstruction with 
the Pipeline embolization device: the 
emergence of definitive endovascular 
therapy for intracranial aneurysms. J Neu-
rointerv Surg 2009; 1:56–65. [CrossRef]

31.	 US Food & Drug Administration. Pipe-
line Embolization Device PMA P100018. 
Summary of Safety and Effectiveness Data 
2011. Available at: http://www.accessda-
ta.fda.gov/cdrh_docs/pdf10/P100018b.
pdf. Accessed on May 21, 2012. 

32.	 McAuliffe W, Wenderoth JD. Immediate 
and mid-term results following treatment 
of recently ruptured intracranial aneu-
rysms with the Pipeline embolization 
device. AJNR Am J Neuroradiol 2012; 
33:487–493. [CrossRef]

33.	 Fischer S, Vajda Z, Aguilar Perez M, et al. 
Pipeline embolization device for neuro-
vascular reconstruction: initial experience 
in the treatment of 101 intracranial an-
eurysms and dissections. Neuroradiology 
2012; 54:369–382. [CrossRef]

34.	 Hampton T, Walsh D, Tolias C, Fiorella 
D. Mural destabilization after aneurysm 
treatment with a flow-diverting device: 
a report of two cases. J Neurointerv Surg 
2011; 3:167–171. [CrossRef]

35.	 Trager AL, Sadasivan C, Seong J, Lieber 
BB. Correlation between angiographic 
and particle image velocimetry quanti-
fications of flow diverters in an in vitro 
model of elastase-induced rabbit aneu-
rysms. J Biomech Eng 2009; 131:034506. 
[CrossRef]

36.	 Turowski B, Macht S, Kulcsar Z, Hänggi D, 
Stummer W. Early fatal hemorrhage after 
endovascular cerebral aneurysm treat-
ment with a flow diverter (SILK-Stent): 
do we need to rethink our concepts? Neu-
roradiology 2011; 53:37–41. [CrossRef]

http://dx.doi.org/10.3171/jns.2000.93.3.0388
http://dx.doi.org/10.1227/01.NEU.0000325497.79690.4C
http://dx.doi.org/10.3174/ajnr.A0649
http://dx.doi.org/10.1161/STROKEAHA.109.553099
http://dx.doi.org/10.1227/01.neu.0000333291.67362.0b
http://dx.doi.org/10.1227/01.neu.0000333291.67362.0b
http://dx.doi.org/10.1136/jnis.2009.000083
http://dx.doi.org/10.3174/ajnr.A2727
http://dx.doi.org/10.1007/s00234-011-0948-x
http://dx.doi.org/10.1136/jnis.2010.002873
http://dx.doi.org/10.1115/1.3049528
http://dx.doi.org/10.1007/s00234-010-0676-7



