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  Abbreviation  

  3D    Three dimensional   
  ACT    Activated coagulation time   
  AP    Anteroposterior   
  F    French   
  FDA    Food and Drug Administration   
  ICA    Internal carotid artery   
  ISUIA    International Study of Unruptured Intracranial 

Aneurysms   
  MCA    Middle cerebral artery   
  PED    Pipeline embolization device   
  PUFS    Pipeline for Uncoilable or Failed Aneurysms Study   
  SAH    Subarachnoid hemorrhage   
  VA    Vertebral artery     
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       Introduction 

 With superior operative morbidity  [  1,   2  ] , similar rupture out-
comes after treatment  [  1  ] , and patient preference for minimally 
invasive operative techniques, endovascular treatment of intrac-
ranial aneurysms is performed with increasing frequency as 
compared to microsurgical techniques, including clip ligation 
 [  3,   4  ] . Endovascular treatment of intracranial aneurysms 
requires facility with a multitude of interventional techniques. 
The expanding list of endovascular tools available currently 
includes detachable coils, stents, balloons, high- density embo-
lic glues, and  fl ow-diversion devices. 

 The most effective treatment option for an aneurysm 
depends on its morphological characteristics, location 
(Fig.  5.1 ), and its relationship to parent and daughter vessels. 
Aneurysms may be dichotomized into anterior or posterior 
circulation, ruptured or unruptured, wide- or narrow-necked, 
and saccular or fusiform. Further, aneurysm size and mor-
phology are highly variable. These characteristics aid in 
determining the best treatment strategy  [  5,   6  ] .   

   Treatment Decisions 

 The goal of aneurysm treatment is prevention of rupture. 
Ruptured aneurysms require treatment due to high risk of cat-
astrophic rehemorrhage. Treatment may be deferred in patients 
with an extremely poor neurological examination upon pre-
sentation (Hunt–Hess Grade V; see Table 1  [  7,   8  ] ). Unruptured 
aneurysms, on the other hand, are treated on the basis of pre-
sumed rupture risk and patient preference. Rupture risk 
remains dif fi cult to precisely quantify; however, it relates to 
aneurysm location, size, and morphological  attributes  [  9,   10  ] .  

   Devices 

 Several Food and Drug Administration (FDA)-approved 
detachable aneurysm coils are commercially available for 
use at the discretion of the surgeon. Onyx HD 500 (ev3), a 
high-density embolic glue, has been granted a humanitarian 
device exemption for use in the treatment of saccular or side-
wall aneurysms with an unfavorable dome-to-neck ratio not 
amenable to surgical treatment. A few stents are available via 
humanitarian device exemption for intracranial use (such as 
for aneurysm neck reconstruction of wide-necked aneurysms 
not amenable to surgical treatment), including the open-cell 
platform Neuroform stent (Boston Scienti fi c) and closed-
cell platform Enterprise stent (Codman Neurovascular). 
Additional stents with similar closed-cell attributes are com-
mercially available in Europe and elsewhere, including Leo 
(Balt) and Solitaire (ev3/Covidien). The Pipeline emboliza-
tion device (PED, ev3/Covidien), referred to as a  fl ow diverter, 

is the  fi rst such device of its kind to be granted FDA approval 
for use (Fig.  5.2 ). The Silk stent (Balt) is another  fl ow diverter 
currently commercially available only outside the USA.   

   General Procedure Principles 

 During endovascular aneurysm treatment, an understanding 
of the relationship between aneurysm dome and parent 
 vessel is paramount. At least one angiographic view of the 
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  Fig. 5.1    A schematic diagram displaying common locations for 
 intracranial aneurysms       

  Fig. 5.2    The Pipeline embolic device (PED, ev3) is used to treat 
intracranial aneurysm by diverting blood  fl ow away from the aneurysm 
dome, initiating gradual occlusion of the aneurysm (With permission 
from ev3/Covidien)        
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 aneurysm neck is a prerequisite for endovascular treatment. 
For complex aneurysms, this may be best obtained with 
three-dimensional (3D) angiography, which allows the sur-
geon the ability to select optimal views for safe treatment. 
Aneurysms at risk for rupture that have unfavorable anatomy 
for endovascular treatment are best treated with craniotomy 
and clip ligation. 

 For elective cases, patients are given heparin for antico-
agulation after successful arterial access is obtained. 
Generally, an activated coagulation time (ACT) between 250 
and 300 s is acceptable for intracranial procedures prior to 
placement of devices within the internal carotid artery (ICA). 
For patients presenting with aneurysm rupture, it is our prac-
tice to administer heparin approximately 60 units/kg is typi-
cally a suf fi cient dose after deployment of the  fi rst coil, at 
which point the risk of rupture of the aneurysm dome is 
greatly diminished. In the event of intraprocedural aneurysm 
rupture, protamine is administered intra-arterially for rapid 
reversal of heparin. It is recommended that a vial of protamine 
sulfate is prepared in the sterile  fi eld for rapid access should 
aneurysm rupture occur. By convention, the maximal dose 
(50 mg, contained in a single vial) is prepared in a syringe 
that is placed on the sterile  fi eld for this purpose. In cases 
where stent or  fl ow-diverter implantation is planned, the 
patients are given a loading dose of aspirin and clopidogrel 
5–7 days prior, and therapeutic responses are registered with 
platelet function assays before the procedure. If responses 
are inadequate, the procedure is delayed until therapeutic 
responses are obtained with the same agents or alternatives. 

 Elective or emergent aneurysm embolization may be per-
formed under general anesthesia; however, we advocate the 
use of conscious sedation  [  11  ] . This enables monitoring of 
the neurological examination throughout the procedure. In 
addition, an awake patient can provide valuable feedback 
when we are performing dif fi cult maneuvers that elicit a 
painful stimulus, allowing us to correct our course before a 
serious iatrogenic complication occurs. For a patient unable 
to remain still with conscious sedation, general anesthesia is 
required for safe aneurysm catheterization under roadmap 
guidance and neurophysiologic monitoring that provides a 
surrogate – however suboptimal – to the neurological exami-
nation in an awake patient. 

 Procedures are generally performed through a transfemo-
ral route, although radial access may be used, especially 
when dealing with the vertebrobasilar system. Most proce-
dures require 6-French (F)-based access, via either a long 
sheath or a short sheath, with a neuro-speci fi c guide in the 
access vessel of interest. Use of a guide catheter and a com-
patible distal access catheter is advisable for patients in 
whom proximal access is tortuous. Generally, the guide cath-
eter is advanced as distally as is possible without causing 
vessel occlusion. Depending on vessel tortuosity, this dis-
tance is variable and may be anywhere from the distal 

extracranial ICA to the carotid siphon for lesions in 
the  anterior circulation. For posterior circulation lesions, the 
dominant vertebral artery (VA) is selected for access. The 
guide catheter is generally able to be placed at least to the C2 
vertebral level. For anterior or posterior circulation aneu-
rysms with extensive tortuosity, a distal access catheter is 
recommended to facilitate catheterization of the aneurysm 
and provide additional stability during delivery and detach-
ment of coils and stents. 

 Subsequently, depending on the procedure, one or more 
microcatheters are advanced to the region of interest to 
catheterize the aneurysm for coil embolization or deliv-
ery of a stent or  fl ow diverter. In other cases, a microcath-
eter is advanced in place in parallel to a balloon delivery 
catheter for balloon-assisted coil or Onyx embolization. 
Catheterization of the aneurysm is performed under direct 
 fl uoroscopic vision with roadmap guidance. It is our general 
practice to advance the microwire to a position distal to the 
aneurysm, at which point the microcatheter is advanced to a 
safe location just proximal to the aneurysm. The microwire 
is then retracted into the microcatheter at a position just 
proximal to the aneurysm and carefully advanced into the 
aneurysm dome. With the microwire in the aneurysm, the 
microcatheter is advanced over the wire into the aneurysm 
dome. As the microcatheter is advanced into the aneurysm, 
the microwire is retracted back into the microcatheter to 
avoid wire perforation of the aneurysm dome. Once the 
microcatheter is within the aneurysm dome, coil delivery 
may proceed. Multiple angiographic runs, typically through 
the guide catheter, are obtained throughout the procedure 
to ensure patency of all vessels and monitor for occlusion 
of the aneurysm. At the end of the procedure, a control 
angiographic run is obtained to ensure patency of the entire 
involved circulation. 

 The most basic tenet of aneurysm treatment is obliteration 
of the aneurysm dome without compromise of surrounding 
normal cerebral vasculature. Saccular aneurysms with a small 
neck-to-dome ratio are most favorable for endovascular treat-
ment with detachable coils alone  [  12  ]  (see Cases 1 and 2), as 
the coil mass is less likely to herniate into the lumen of the 
normal cranial vessels. Coil delivery may be highly depen-
dent on microcatheter position within the aneurysm and 
speed at which the coil is delivered. In the instance of coil 
herniation into the parent vessel, the coil should be retracted 
back into the microcatheter and delivered again using a dif-
ferent microcatheter position or at a different speed, or both. 
This may be repeated until the coil is in an acceptable posi-
tion. The coil should not be deployed until an angiographic 
run con fi rms patency of surrounding vessels of import. The 
aneurysm is  fi lled with coil mass from the outside in; that is, 
the largest coil is placed  fi rst to “frame” the aneurysm, and 
subsequent coils are placed to  fi ll the void. Coil technology 
has progressed signi fi cantly to develop speci fi c attributes that 
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 Case 1 

  Primary Coiling of Unruptured Aneurysms  
  Clinical Presentation  
 A 53-year-old woman with a history notable for smoking 
presented with motor speech aphasia. Evaluation for 
stroke and seizure disorder was negative; but on noninva-
sive imaging, multiple incidental intracranial aneurysms 
were noted (Fig.  5.3 ). Angiography and endovascular 
treatment were planned.  
  First Procedure Description 

    1.    Standard right groin access was obtained with a 6 F 
sheath. A diagnostic angiogram was performed, 
con fi rming multiple aneurysms, including right oph-
thalmic artery, right posterior communicating artery, 
right middle cerebral artery (MCA), anterior communi-
cating artery, left anterior temporal artery, and left supe-
rior cerebellar artery aneurysms (Fig.  5.4 ). On the basis 
of rupture risk, a decision was made to proceed with 
coil embolization of the three largest aneurysms, located 
at the right posterior communicating artery (7 × 4 mm), 
right MCA bifurcation (10 × 10 mm), and anterior com-
municating artery (6 × 6 mm). Initially, the posterior 
communicating artery aneurysm was targeted.   

    2.    Heparin was administered to a target ACT in excess 
of 250 s. The catheter used for the diagnostic angio-
gram was removed, and a 6 F Envoy guiding cath-
eter and dilator (Codman Neurovascular) were 
advanced over a 0.035 in. glidewire into the aortic 
arch and then the right common carotid artery under 
direct  fl uoroscopic vision.  

    3.    Utilizing roadmap guidance, the right ICA was selec-
tively catheterized. Because of a 360° loop of the 
ICA, the Envoy catheter was positioned in the proxi-
mal ICA, and the glidewire was removed (Fig.  5.5 ).   

    4.    A 3D angiogram was used to estimate an appropriate 
working angle for treatment of the aneurysm (Fig.  5.6 ).   

facilitate this strategy with complex-shaped spherical coils to 
act as framing coils and softer helical coils to act as  fi lling 
coils. Hence, a typical strategy is to start off with one or more 
framing coils, which are sequentially sized down, and then 
 fi ll the interstices with softer  fi lling coils. 

 Wide-necked aneurysms represent a more dif fi cult chal-
lenge for endovascular treatment. Due to an increased risk of 
coil herniation into the parent vessel, coiling alone is typi-
cally suboptimal for treatment. Embolization may be 
attempted with a balloon-assisted technique  [  13  ] , during 
which the parent vessel is temporarily occluded with a bal-
loon during aneurysm occlusion with detachable coils or 
Onyx  [  14  ] . Reconstruction of the aneurysm neck with a stent 
 [  15  ]  is preferred to balloon-assisted techniques, as no cessa-
tion of parent vessel  fl ow is required and herniation of the 
coil mass into the parent vessel is prevented with greater 
ease, compared to balloon-assisted technique. Antiplatelet 

medication with aspirin for life and clopidogrel for at least 3 
months is widely regarded as requisite with the use of intrac-
ranial stents. This typically precludes use of intracranial 
stents in the setting of aneurysm rupture. A stent-assisted 
coiling case is presented in Case 3. 

 Fusiform and giant aneurysms, which have traditionally 
had the highest recanalization rate following conventional 
endovascular treatments, are now often best treated with 
 fl ow-diversion devices, such as the PED  [  16  ]  (see Case 4). 
These stent-like devices are designed with a high surface 
area and small pores. When in place,  fl ow is directed 
through the stent rather than into the aneurysm dome, ulti-
mately promoting aneurysm occlusion. This treatment 
comes at risk of occlusion of small vessels covered by the 
implanted device and is optimal for large proximal carotid 
artery aneurysms much more so than distal carotid or verte-
brobasilar aneurysms. 

  Fig. 5.3    A reconstruction of a CT angiogram displays multiple intrac-
ranial aneurysms including a 10 mm right MCA bifurcation aneurysm 
( red arrow ), 7 mm right posterior communicating artery aneu-
rysm  ( white arrow ), and 6 mm anterior communicating artery 
 aneurysm ( green arrow )       

 



655 Endovascular Intracranial Aneurysm Treatment

    5.    After obtaining a working view, a Prowler LP ES 
microcatheter (Codman Neurovascular) was advanced 
over a Synchro-14 microwire (Boston Scienti fi c) 
toward the aneurysm under roadmap guidance. 
Multiple attempts to advance the Prowler LP ES into 
the aneurysm failed due to the small neck of the 

 aneurysm. At this point, the decision was made to 
remove the Prowler LP ES.  

    6.    The Prowler LP ES microcatheter was exchanged for 
a smaller and more easily directed SL-10 microcath-
eter (Boston Scienti fi c), which was advanced over the 
Synchro-14 microwire through the guiding catheter 

  Fig. 5.4    ( a ) Cerebral angiogram,  left , anteroposterior (AP) pro-
jection and,  right , lateral projection, of a right common carotid 
artery injection displays a 10 mm right MCA bifurcation aneu-
rysm ( red arrow ), 7 mm right posterior communicating artery 
aneurysm ( white arrow ), 6 mm anterior communicating artery 
aneurysm ( green arrow ), and 4 mm ophthalmic segment  aneurysm 

( black arrow ). ( b ) Cerebral angiogram,  left , AP projection and, 
 right , lateral projection, of a left common carotid injection dis-
playing a 4 mm MCA bifurcation aneurysm ( arrow ,  left ). ( c ) 
Cerebral angiogram,  left , AP projection and,  right , lateral projec-
tion, of a right VA injection displays a 3 mm left superior cerebel-
lar artery aneurysm ( arrow ,  left )         

a

b
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and directed into the right posterior communicating 
artery aneurysm under  fl uoroscopic guidance.  

    7.    With the SL-10 microcatheter tip in the aneurysm 
dome, a 7 mm (diameter) × 21 cm (length) ORBIT 
GALAXY detachable coil (Codman Neurovascular) 
was delivered into the aneurysm. After con fi rmation 

of patency of the parent and daughter vessels via an 
angiogram run through the guiding catheter, the coil 
was deployed.  

    8.    After placement of the  fi rst coil, angiography dis-
played persistent  fi lling of the aneurysm dome. To 
continue  fi lling the aneurysm with coils, a second, 

  Fig. 5.5    Cerebral angiogram,  left , AP projection and,  right , lateral projection, of a right common carotid artery injection displays access 
to the intracranial vasculature. A loop of the cervical ICA ( arrow ) makes access more dif fi cult       

c

Fig. 5.4 (continued)
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smaller coil (3 mm × 6 cm Axium detachable coil, 
ev3/Covidien) was deployed into the aneurysm by 
use of a similar technique.  

    9.    Multiple angiographic runs now showed good oblitera-
tion of the aneurysm without protrusion of coil mass into 
the parent artery, with a small remnant neck (Fig.  5.7 ). 
Intracranial runs showed no evidence of any major artery 
occlusion. The patient remained neurologically and 
hemodynamically intact during the procedure.   

    10.    After neurological examination revealed no focal 
de fi cits and angiography displayed no distal embo-
lism, the microwire, microcatheter, and guide catheter 
were removed.  

    11.    An Angio-Seal closure device (St. Jude Medical) was 
used to close the arteriotomy without dif fi culty or 
complication.     

  Postprocedure Course  
 The patient was admitted to the neurosurgical intensive 
care unit for intensive monitoring, without incident. 
A second coil embolization procedure was planned for 
treatment of the anterior communicating artery and MCA 
aneurysms the following day. 
  Second Procedure Description 
    1.    Standard right groin access with a 6 F sheath was 

obtained; after angiographic con fi rmation of access, 
heparin was administered to a target ACT in excess of 
250 s.  

  Fig. 5.6    Working view for treatment of the right posterior com-
municating artery aneurysm from 3D angiogram reconstruction. 
Clear views of the parent vessel (the ICA) and the aneurysm neck 
allow safe coil embolization       

  Fig. 5.7    Cerebral angiogram,  left , AP projection and,  right , lateral 
projection, of a right ICA injection displays the cerebral vasculature 
after coil embolization of the posterior communicating artery aneurysm 

( black arrow ). A residual neck of the aneurysm is appreciated. The 
guide catheter is seen on the AP view proximal to a loop in the cer-
vical ICA ( red arrow )       
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    2.    Due to dif fi culties in catheterizing the right posterior 
communicating aneurysm because of the proximal ICA 
loop encountered during the  fi rst procedure, a soft-
tipped guiding catheter (Neuron, Penumbra Inc.) was 
planned to be placed distal to the loop to facilitate cath-
eterization of the more distal aneurysms. The anterior 
communicating artery aneurysm was targeted  fi rst.  

    3.    To access the right ICA, a Vitek catheter (VTK; Cook 
Medical) was placed within the Neuron guiding cath-
eter and advanced into the aorta under direct 
 fl uoroscopic guidance. The Vitek catheter was 
advanced left to right across the arch until the right 
common carotid artery was selected.  

    4.    The Vitek catheter was then advanced over a 0.035 in. 
soft glidewire (Terumo Interventional Systems) into 
the distal ICA under roadmap guidance. Once the 
artery was selected with the Vitek catheter, the Neuron 
guiding catheter was advanced to a nonocclusive 
position within the cervical ICA distal to the arterial 
loop (Fig.  5.8 ).   

    5.    Optimal working views for treatment of the anterior 
communicating artery aneurysm were selected on the 
basis of the previous 3D angiogram (Fig.  5.9 ) and 
con fi rmed with angiographic runs.  

    6.    The SL-10 microcatheter was advanced through 
the Neuron catheter over a Synchro-14 wire. With 
roadmap guidance, the anterior cerebral artery was 

 catheterized, but despite several attempts to reshape 
the microwire, access to the second segment of the 
anterior cerebral artery distal to the aneurysm was 
unsuccessful. Treatment of the anterior communicat-
ing artery was at this point aborted, and attention was 
turned to the ipsilateral MCA aneurysm.  

    7.    Working angles were changed to optimize views of 
the MCA aneurysm based on 3D angiography 
(Fig.  5.9 ). Under roadmap guidance, the MCA and 
M2 segment of the MCA were easily catheterized 
with the SL-10–Synchro-14 microcatheter–microwire 
system. Because the aneurysm had a favorable dome-
to-neck ratio, stent or balloon reconstruction of the 
parent vessel was not required. The aneurysm was 
catheterized and the microwire removed.   

    8.    Three detachable coils (1–5 × 15 ORBIT GALAXY; 
1–3 × 6 ORBIT GALAXY XTRASOFT; and 1–2.5 × 5 
ORBIT GALAXY XTRASOFT) were placed sequen-
tially with good results (Fig.  5.10 ). Final runs were 
performed to ensure occlusion of the aneurysm and 
patency of the distal vessels.   

    9.    After aneurysm obliteration was con fi rmed, the 
microcatheter was removed, and the guiding catheter 
was eased back to the proximal ICA. Cervical angiog-
raphy was performed to ensure there was no arterial 
dissection due to the inherent tortuosity of this 
vessel.  

  Fig. 5.8    Cerebral angiogram,  left , AP projection and,  right , lateral 
projection, of a right ICA injection displays the guide catheter 
( black arrow ,  right ) at the distal end of the cervical ICA loop. The 

anterior communicating artery aneurysm and MCA aneurysms to be 
treated are seen ( white arrows ,  left )       
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    10.    Without evidence of carotid injury, the guide catheter 
was then removed and the femoral arteriotomy closed 
with a 6 F Angio-Seal device.     

  Postoperative Course  
 The patient was admitted to the neurosurgical intensive 
care unit for postoperative monitoring, without incident. 
Craniotomy and clip ligation was planned for treatment of 
the anterior communicating artery aneurysm, which was 

untreated with endovascular technique. One-year follow-
up angiogram revealed no residual aneurysms at the three 
endovascularly treated sites and stable size of the smaller 
aneurysms. The smaller aneurysms will be monitored for 
growth on a yearly basis. 
  Discussion  
 This case displays uncomplicated, elective aneurysm coil 
embolization. Aneurysms with a dome diameter larger 
than the aneurysm neck are most frequently able to be 
treated with simple coil embolization. On the basis of 
data from the International Study of Unruptured 
Intracranial Aneurysms (ISUIA)  [  10  ] , the rupture risk of 
the 7 mm posterior communicating artery aneurysm is 
14.5 % in 5 years. For this reason, this aneurysm was 
treated with greatest priority. The rupture risk of the 
10 mm MCA aneurysm is on the order of 2.6 % in 5 years. 
The 6 mm anterior communicating artery aneurysm rup-
ture risk is considerably lower by ISUIA criteria (<1 % in 
5 years) and arguably could have been monitored rather 
than treated. Given the irregular morphology of the aneu-
rysm and the patient’s preference for treatment, surgical 
clip ligation was recommended. By contrast, the superior 
cerebellar artery aneurysm, on the basis of ISUIA data, 
has an estimated 5-year rupture risk of approximately 
2.5 %. Its dif fi cult anatomy precludes simple coil embo-
lization, and its small size makes endovascular treatment 
with coil embolization after stent reconstruction of the 
neck dif fi cult. Clip ligation is dif fi cult due to the rostral 
position of this aneurysm, compared to the clinoid pro-
cesses. Due to the high risk for procedural complication, 
the patient elected observation of this aneurysm, rather 
than an attempt at either treatment. 

  Fig. 5.9    Working view for treatment of the right MCA bifurcation 
aneurysm from 3D angiogram reconstruction. Clear views of the 
parent vessel (both branches of the MCA bifurcation) and the aneu-
rysm neck allow safe coil embolization       
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a

b

  Fig. 5.10    ( a ) Cerebral angiogram,  left , AP projection and,  right , 
lateral projection, of a right ICA injection displays the  fi rst coil 
within the 10 mm right MCA bifurcation aneurysm ( arrow ,  left ) 
with residual  fi lling of the aneurysm dome. ( b ) Cerebral    angiogram, 

 left , AP projection and,  right , lateral projection, of a right ICA 
injection displaying complete obliteration of the MCA bifurcation 
aneurysm after coil embolization ( arrow ,  left )       
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 Case 2 

  Coiling of Ruptured Aneurysm  
  Clinical Presentation  
 A 48-year-old woman with a history of hypertension and 
smoking presented with the worst headache of her life 
followed by signi fi cant neurological decline, with a 
Hunt–Hess classi fi cation of grade IV on initial evaluation 
(Table  5.1   [  7,   8  ] ). CT scan con fi rmed Fisher grade 4 
(Table  5.2   [  17  ] ) subarachnoid hemorrhage (SAH) with 
hydrocephalus (Fig.  5.11 ). Due to the hemorrhage loca-
tion, a right MCA aneurysm was anticipated. A right ven-
triculostomy was placed, after which the patient underwent 
an emergent angiogram, followed by endovascular 
intervention.    
  Procedure Description 

    1.    Standard right femoral artery access was obtained 
with a 6 F sheath.  

    2.    A diagnostic angiogram was performed, which 
con fi rmed a single intracranial aneurysm of the right 
MCA bifurcation that measured approximately 
3 × 3 mm (Fig.  5.12 ). With a favorable dome-to-neck 
ratio, a trial at coil embolization was planned. No 
heparin was administered because of recent SAH.   

    3.    With the aid of roadmap guidance, the right ICA was 
selectively catheterized with the diagnostic catheter.  

    4.    The diagnostic catheter was exchanged over a soft 
0.035 in. exchange wire for a 6 F Envoy guiding cath-
eter, which was placed in a nonocclusive position 
within the petrous ICA.  

    5.    An SL-10 microcatheter was then directed to the 
MCA under roadmap guidance over a steerable 
Synchro-II standard microwire. The aneurysm was 
carefully catheterized without incident using road-
map guidance.  

    6.    In the setting of a ruptured aneurysm, a soft coil is 
favored to minimize risk of rupture. In this case, a 
2.5 mm × 3.5 cm ORBIT GALAXY coil was deliv-
ered into the aneurysm dome. Upon coil delivery, the 
aneurysm dome ruptured with herniation of coil mass 
into the subarachnoid space.  

    7.    An angiographic run con fi rmed extravasation of 
blood and contrast material through the aneurysm 
dome into the subarachnoid space (Fig.  5.13a ).   

    8.    In this case, the soft 2.5 mm × 3.5 cm ORBIT 
GALAXY coil was completely deployed and detached 
in haste in an effort to occlude the rupture site. 
Angiography con fi rmed minimal extravasation 
(Fig.  5.13b ). Three additional 2 mm ORBIT 
GALAXY coils measuring 6, 4, and 2 cm, respec-
tively, were delivered and detached in rapid succes-
sion, after which no extravasation of blood or contrast 
material was evident (Fig.  5.13c ).  

   Table 5.1    Hunt and Hess classi fi cation   

 Grade a   Description 

 0  Unruptured aneurysm 
 I  Asymptomatic, or mild headache and slight nuchal 

rigidity 
 II  Cranial nerve palsy or moderate to severe headache 
 III  Mild focal neurological de fi cit, lethargy, or confusion 
 IV  Stupor, moderate to severe hemiparesis, early 

decerebrate 
 V  Rigidity deep coma, decerebrate rigidity, moribund 

appearance 

  Adapted from Hunt and Hess  [  7  ]  and Hunt and Kosnik  [  8  ]  
  a Add one grade for serious systemic disease  

   Table 5.2    Fisher classi fi cation   

 Group  Blood on CT scan 

 1  No blood detected 
 2  Diffuse or layers <1 mm thick 
 3  Localized clot and/or layer >1 mm thick 
 4  Intracerebral or intraventricular hematoma with 

diffuse or no subarachnoid hemorrhage 

  Adapted from Fisher et al.  [  17  ]   

  Fig. 5.11    A single axial cut of a noncontrast cranial CT scan 
reveals diffuse SAH ( red arrows ) with a thick clot in the right syl-
vian  fi ssure       
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  Fig. 5.13    ( a ) Cerebral angiogram,  left , AP projection and,  right , 
lateral projection, of a right ICA injection displays the  fi rst coil 
within the right MCA bifurcation aneurysm with extravasation of 
contrast material ( arrows ). ( b ) Similar views after placement of an 

additional coil, with minimal extravasation ( arrows ). ( c ) Similar 
views after placement of a total of four detachable coils into the 
aneurysm at the site of rupture. There is no  fi lling of the aneurysm 
and no contrast extravasation         

a

  Fig. 5.12    Cerebral angiogram,  left , AP projection and,  right , lateral projection, of a right ICA injection displays an irregular 3 mm right 
MCA bifurcation aneurysm ( arrow ,  left )       

 

 



735 Endovascular Intracranial Aneurysm Treatment

    9.    At this point, it was noted that intracranial pressures 
were elevated at 25–30 mmHg. The ventriculostomy 
was checked and noted to be not draining. Angiography 
was halted while a left ventriculostomy was placed 
with return of cerebrospinal  fl uid drainage and 
decrease of intracranial pressure.  

    10.    After a  fi nal angiographic run con fi rming occlusion 
of the aneurysm (Fig.  5.14 ), the catheters were 

removed, and the patient underwent a CT scan with 
the sheath in place; the scan revealed a large sylvian 
 fi ssure hematoma (Fig.  5.15 ).    

    11.    The patient was brought emergently to the operating 
room for craniectomy and partial hematoma evacua-
tion (Fig.  5.16 ).   

    12.    The sheath was removed and arteriotomy closed upon 
completion of the craniotomy.     

c

b

Fig. 5.13 (continued)
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  Fig. 5.14    Cerebral angiogram,  left , AP projection and,  right , lat-
eral projection, of a right ICA injection displays a completely 
occluded MCA bifurcation aneurysm ( white arrow ,  left ). A hematoma 

resulting from the intraoperative rupture has caused an upward shift 
in the MCA vessels ( red arrows ,  left )       

  Fig. 5.15    An axial cut of the postoperative CT scan without intra-
venous contrast material reveals hematoma with intermixed contrast 
material in the right sylvian  fi ssure ( arrows ), causing mass effect 
with midline shift of the brain       

  Fig. 5.16    An axial cut of the CT scan performed after craniectomy 
and hematoma evacuation. There has been signi fi cant re-accumula-
tion of hematoma within the sylvian  fi ssure, with new intraparen-
chymal hematoma.    Mass effect is reduced from preoperatively       
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  Postprocedure Course  
 The patient was admitted to the neurosurgical intensive 
care unit for monitoring after craniotomy. Unfortunately, 
despite a gradual improvement in her neurological status, 
she continued to have left hemiparesis. Serial transcranial 
Doppler imaging studies and serial neurological examina-
tions were performed to monitor the patient for the devel-
opment of large vessel spasm over a 2-week course, 
without evidence of vasospasm. After a prolonged hospi-
talization, she was transferred to a long-term care facility 
for rehabilitation. 
  Discussion  
 Intraoperative aneurysm rupture is a potential conse-
quence of endovascular treatment. Intraoperative rupture 
is never a welcome scenario, but a quick effort to treat the 
rupture may be lifesaving. In this case, the aneurysm is 
ruptured with a partially deployed coil. In this scenario, 
the most reasonable option is to continue deployment of 
the coil in an effort to seal the ruptured aneurysm dome. 

In the event of rupture caused by catheterization of the 
aneurysm, options include tamponade of the parent vessel 
with a balloon catheter to allow time for the hemorrhage 
to stop prior to placement of coils. If heparin has been 
administered, it should be reversed with protamine imme-
diately in the setting of rupture. Ventriculostomy should 
be considered if not already in place. A neurological 
examination should be performed if the patient is awake. 
In the setting of general anesthesia, a change in vital signs, 
including irregular breathing, hypertension, bradycardia, 
or a combination of the three, may be a sign of elevated 
intracranial pressure. The deviation of the cerebral ves-
sels from their initial position on angiography is a sign of 
mass effect from hematoma. Non- fi lling of the cerebral 
vessels on angiography is an ominous sign of greatly 
increased intracranial pressure. The decision to proceed 
to craniotomy in this case was based on mass effect from 
the hematoma contributing to elevated intracranial 
pressure. 

 Case 3 

  Stent-Assisted Coiling of Wide-Necked Basilar 
Terminus Aneurysm  
  Clinical Presentation  
 A 36-year-old woman with a history of migraine head-
aches and hypertension presented with a severe headache, 
described as the worst of her life, and transient left hemi-
paresis and blurred vision. Noninvasive imaging revealed 
a wide-necked basilar terminus aneurysm with the 
absence of SAH. Lumbar puncture con fi rmed the absence 
of SAH. Due to the patient’s acute presentation, angiog-
raphy with endovascular treatment was planned. Dual 
antiplatelet therapy with aspirin and clopidogrel was 
started with the intent to perform stent reconstruction of 
the aneurysm neck and subsequent coil obliteration of the 
aneurysm. 
  Procedure Description 
    1.    Standard right groin access was obtained with a 6 F 

sheath.  
    2.    Diagnostic angiography con fi rmed the wide-necked 

3 × 3 mm basilar terminus aneurysm (Fig.  5.17 ). After 
a 3D angiogram was performed, the diagnostic cath-
eter was removed. Working angles were selected on 
the basis of 3D angiography (Fig.  5.18 ). Due to a 
widely patent posterior communicating artery on the 
right (Fig.  5.19 ), a combined anterior–posterior 
approach was planned.     

    3.    Left groin access with a 6 F sheath was obtained. 
After bilateral access was con fi rmed, heparin was 
administered to a target ACT in excess of 250 s.  

    4.    A 6 F  fl exible-tip Neuron guiding catheter was 
inserted within the right groin sheath and advanced 
under  fl uoroscopic guidance to the aortic arch and 
right common carotid artery over a 0.035-in. guide-
wire. The right ICA was selected with roadmap guid-
ance, and the Neuron catheter advanced to a 
nonocclusive position within the petrous segment.  

    5.    A microcatheter with suf fi ciently large inner diameter 
to allow passage of an intracranial stent (Prowler 
Select Plus (Codman Neurovascular)) was selected. 
This microcatheter was advanced over a steerable 
Synchro-II standard microwire into the posterior 
communicating artery (Fig.  5.20a ) and then the left 
posterior cerebral artery (Fig.  5.20b ).   

    6.    The microwire was removed, and a 4.5 × 14 mm 
Enterprise stent was selected and advanced through 
the Prowler Select Plus microcatheter in a position 
ready for deployment.  

    7.    Prior to deployment of the stent, the coil delivery 
microcatheter system (GALAXY ORBIT) was 
prepped to be positioned within the aneurysm. A 6 F 
Envoy guiding catheter was advanced through the left 
groin sheath over a 0.035-in. guidewire into the aortic 
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arch and then, under  fl uoroscopic guidance, to a non-
occlusive position in the left VA.  

    8.    A soft microcatheter (SL-10) was advanced over a 
steerable Synchro-II microwire into the basilar artery 
(Fig.  5.21a ). The catheter was carefully advanced 
over the microwire into the aneurysm dome 

under roadmap guidance with direct  fl uoroscopic 
 visualization. Once in position, the microwire was 
carefully withdrawn.   

    9.    The Enterprise stent, readied within the Prowler 
Select Plus microcatheter, was deployed into position 
bridging the basilar terminus, with either end in the 
posterior cerebral arteries. The SL-10 microcatheter 
(within the aneurysm dome) was jailed into position 
by the deployed stent (Fig.  5.21b ).  

    10.    A single soft 3 × 60 mm GALAXY ORBIT coil was 
advanced within the SL-10 microcatheter and 
deployed with caution into the aneurysm dome, 
occluding the aneurysm (Fig.  5.22 ).   

    11.    After angiographic runs con fi rmed occlusion of the 
aneurysm and patency of the bilateral posterior cere-
bral arteries (Fig.  5.23 ), the microcatheters were 
removed.   

    12.    The guide catheters were removed after con fi rming no 
vascular injury to the vertebral and carotid arteries.  

    13.    The femoral artery sheaths were removed bilaterally 
with an Angio-Seal device used for arteriotomy 
closure.     

  Postprocedure Course  
 The patient was admitted to the neurosurgical intensive 
care unit for postprocedure monitoring. Approximately 
16 h after the conclusion of the procedure, she was found 
to have a right visual  fi eld de fi cit. A CT angiogram 
con fi rmed patency of the stent and posterior cerebral vas-
culature. Magnetic resonance imaging con fi rmed emboli-
form infarction within the left posterior cerebral artery 
distribution. An epti fi batide infusion (2 mcg/kg/min) was 

  Fig. 5.18    Working view for treatment of basilar terminus aneu-
rysm from 3D angiogram reconstruction. Clear views of the parent 
vessel (the basilar terminus) and the aneurysm neck allow safe coil 
embolization       

  Fig. 5.17    Cerebral 
angiogram,  left , AP 
projection and,  right , 
lateral projection, of a 
right VA injection 
displays a 3 × 3 mm 
wide-necked basilar 
terminus aneurysm 
( arrow ,  left )       
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  Fig. 5.20    ( a ) Cerebral angiogram,  left , AP projection and,  right , 
lateral projection, of a dual injection of the right ICA and right VA 
displays the anatomical communication via a widely patent poste-
rior communicating artery. The microwire is  fi rst advanced into the 
proximal anterior cerebral artery ( arrow ). The Prowler Select Plus 
microcatheter (Codman Neurovascular) is then advanced over the 
wire to a position just proximal to the posterior communicating 
artery. ( b ) A similar view and injection showing the microwire and 

microcatheter now advanced through the posterior communicating 
artery into the right posterior cerebral artery ( arrow ). ( c ) Cerebral 
angiogram,  left , AP projection and,  right , lateral projection, of a 
dual injection of a right VA displays the microcatheter tip now in 
position in the left posterior cerebral artery ( arrow ). The microcath-
eter spans the basilar terminus in preparation for placement of a 
stent for reconstruction of the aneurysm neck         

a

  Fig. 5.19    Cerebral angiogram,  left , AP projection and,  right , lat-
eral projection, of a right ICA injection displays a widely patent 
posterior communicating artery ( arrow ,  right ), providing an avenue 

to the posterior circulation for treatment of the basilar terminus 
aneurysm with stent reconstruction of the aneurysm neck       
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commenced and continued for 24 h, with gradual resolution 
of symptoms  [  18  ] . She was discharged home on postpro-
cedure day 4 at her neurological baseline level. Dual anti-
platelet medication was continued for 12 months after the 
procedure. 
  Discussion  
 A wide-necked bifurcation aneurysm presents a dif fi cult 
problem for endovascular treatment. Such an aneurysm is 
best treated with stent reconstruction of the aneurysm 
neck prior to coil embolization. At this point, there is no 

 fl ow-diversion device available for use in treatment of a 
bifurcation aneurysm. Due to the morphology of an arte-
rial bifurcation, this frequently requires placement of two 
stents in a “Y” con fi guration  [  19  ] . In this case, due to a 
widely patent posterior communicating artery on the 
right, a combined anterior–posterior approach was 
planned. With this construct, one stent could be placed 
rather than two, limiting the number of implants required 
to reconstruct the aneurysm neck. With a stent–coiling 
technique, two microcatheters are required. This may be 

c

b

Fig. 5.20 (continued)
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performed through a single large femoral sheath, although 
bilateral access simpli fi es the procedure. In this case, the 
combined anterior–posterior approach required two guide 
catheters. 

 In conjunction with treatment of bifurcation aneurysm 
with stent reconstruction, thromboembolism is a postop-
erative risk. In this case, an absence of hemorrhage makes 
a small thromboembolic event a likely explanation of the 

postoperative  fi eld cut. An epti fi batide infusion was com-
menced in an effort to treat the suspected thromboembo-
lism. This represents an off-label use of this platelet 
glycoprotein IIb/IIIa receptor inhibitor, which may have 
some clot-dissolution ability. As is very commonly noted 
in clinical practice, glycoprotein IIb/IIIa inhibitors rap-
idly reverse the effects of iatrogenic minor thromboembo-
lic events  [  20  ] . 

a

b

  Fig. 5.21    Deployment of the stent. ( a ) Cerebral angiogram,  left , 
AP projection and,  right , lateral projection, of a right VA injection 
displays the basilar artery and its branches. The stent, within the 
microcatheter, is seen bridging the aneurysm ( arrow ,  left ). ( b ) A 

similar view after deployment of the stent and jailing of a second 
microcatheter (SL-10, Boston Scienti fi c) for coil deployment. The 
radiopaque stent markers are obscured by motion artifact. The SL-10 
microcatheter is seen within the aneurysm dome ( arrow ,  left )       
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  Fig. 5.23    Cerebral angiogram,  left , AP projection and,  right , lat-
eral projection, of a left VA injection displays the basilar artery and 
its branches after removal of the microcatheter and guide catheters. 

The aneurysm is completely occluded, and the posterior cerebral 
arteries are patent       

 Case 4 

  Flow-Diversion Treatment of Wide-Necked Aneurysm  
  Clinical Presentation  
 A 66-year-old woman presented with left eye visual loss. 
Noninvasive imaging revealed a 2 cm left ophthalmic 

artery aneurysm. Treatment with a  fl ow-diversion device 
was planned. A general concern in treatment of this aneu-
rysm with a  fl ow-diversion device is trapping the ophthal-
mic artery. In our experience, the ophthalmic artery is 
suf fi ciently robust as well as routinely supplied by  external 

  Fig. 5.22    Cerebral angiogram,  left , AP projection and,  right , lat-
eral projection, of a right VA injection displays the basilar artery 
and its branches. The aneurysm has been obliterated with placement 

of a single coil ( arrow ). The microcatheter tip remains in place 
within the aneurysm dome and is best seen on the lateral 
projection       
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carotid anastomoses such that it is not compromised after 
treatment with the PED. Dual antiplatelet therapy with 
aspirin and clopidogrel was started 1 week prior to the 
procedure. 
  Procedure Description 
    1.    Standard right femoral artery access with a 6 F sheath 

was obtained, con fi rming a giant (>25 mm) ophthal-
mic artery aneurysm (Fig.  5.24 ).   

    2.    After diagnostic angiography con fi rmed the aneu-
rysm, the diagnostic catheter was removed.  

    3.    A 6 F Envoy guiding catheter was advanced over a 
0.035 in. guidewire into the aortic arch, where the 
left ICA was selectively catheterized with the aid of 
direct  fl uoroscopic inspection. With positioning of 
the guiding catheter within the distal cervical ICA, 
signi fi cant vessel spasm developed, necessitating 
treatment.  

    4.    The guiding catheter was retracted to a proximal 
position in the ICA, and 10 mg of verapamil was 
slowly infused directly to the affected vessel. After a 

  Fig. 5.24    Cerebral angiogram,  left , AP projection and,  right , lateral projection, of a left ICA injection displays a giant aneurysm of the 
ICA (giant ophthalmic artery aneurysm)       

  Fig. 5.25    Working views for treatment of basilar terminus aneurysm from 3D angiogram reconstruction. Clear views ( left , AP view;  right , 
lateral view) of the parent vessel (the ICA) and the aneurysm neck allow safe coil embolization       
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delay of 5 min, there was signi fi cant improvement in 
vessel spasm.  

    5.    After resolution of the vessel spasm, the guiding 
catheter was advanced to a nonocclusive position in 
the distal cervical ICA.  

    6.    A suitable working angle to delineate relevant ana-
tomic features of the aneurysm was selected 
(Fig.  5.25 ).   

    7.    Under roadmap guidance, a Marksman microcatheter 
(ev3/Covidien) was directed past the aneurysm over a 
 weighted-tip microwire (angled-tip Guidewire M 
Gold [Terumo Interventional Systems]) into the MCA 
(Fig.  5.26 ). This microcatheter has suf fi cient inner 
diameter to allow for passage and delivery of the 
PED.   

    8.    With the microcatheter in suitable position distal to the 
aneurysm, the microwire was removed and the PED 
advanced into position through the microcatheter.  

    9.    After con fi rming placement of the PED proximal to 
the posterior communicating artery, the PED was 
deployed into position. The PED is initially deployed 
by rotating the accompanying microwire clockwise 
to release the distal end. The device is then unsheathed 
using alternating pushing and pulling motions to 
oppose the edge of the stent to the vessel wall, as the 
device has very little radial force. Care must be taken 
to carefully measure and place the device to avoid 
covering small perforating vessels. The device is 

sized to approximate the diameter of the parent 
vessel.  

    10.    Once the device was placed, angiographic runs dis-
played stasis of  fl ow within the aneurysm (Fig.  5.27 ). 
Subsequent runs completed several minutes after 
deployment displayed progression of intra- aneurysmal 
 fl ow stasis (Fig.  5.28 ).    

    11.    With the  fl ow-diversion device in place, the catheters 
were removed and the arteriotomy closed with man-
ual pressure.     

  Postprocedure Course  
 The patient was admitted to the neurosurgical intensive 
care unit for routine monitoring without incident. Dual 
antiplatelet therapy was to be continued for 1 year. 
Angiography performed 3 months after placement of the 
PED revealed no residual aneurysm and patency of the 
ophthalmic artery (Fig.  5.29 ).  
  Discussion  
 The PED is unforgiving in its delivery. It must be posi-
tioned carefully to avoid covering important perforat-
ing vessels, and its limited outward radial force 
necessitates a pushing movement after partial unsheath-
ing for proper vessel wall apposition. This maneuver 
may cause a twisting or intussusceptions of the stent, 
which may be dif fi cult to reverse. In the Pipeline for 
Uncoilable or Failed Aneurysms Study (PUFS), deliv-
ery was successful for 98 % of 107 patients treated 
 [  21  ] . Treatment of large anterior circulation aneurysms 

  Fig. 5.26    Cerebral angiogram,  left , AP projection and,  right , lat-
eral projection, of a left ICA injection displays working views for 
placement of a  fl ow-diverting stent based on the working views 

developed from the 3D angiogram. The Marksman catheter (ev3) 
has been navigated through the aneurysm into a distal position in the 
MCA       
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with the PED has proven to be a safe and effective 
treatment, with 82 % complete occlusion at 180 days 
after treatment with a 6 % major complication rate. 
Alternative endovascular treatments for large wide-
necked aneurysms include stent reconstruction (similar 

to that described in Case 3) or parent vessel occlusion 
 [  22  ] . However, the reported recurrence/residual rates 
appear to be lower for PED as compared with stent-
assisted coiling for wide-necked large and giant aneu-
rysms  [  23–  30  ] . 

  Fig. 5.27    Intraoperative cerebral angiogram,  left , AP projection and,  right , lateral projection, of a left ICA injection immediately follow-
ing placement of PED. Early ( a ), middle ( b ), and late ( c ) phases of this angiogram display stasis of contrast material within the aneurysm         

a

b
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c

Fig. 5.27 (continued)

  Fig. 5.28    Intraoperative cerebral angiogram,  left , AP projection 
and,  right , lateral projection, of a left ICA injection 7 min following 
placement of PED. Early ( a ), middle ( b ), and late ( c ) phases of this 

angiogram display less  fi lling of the aneurysm due to  fl ow diver-
sion, with increased stasis of contrast material in the aneurysm         

a
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c

b

Fig. 5.28 (continued)
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  Fig. 5.29    Cerebral angiogram,  left , AP projection and,  right , lateral projection, of a left common carotid artery injection displays complete 
obliteration of the aneurysm and endoluminal reconstruction of the ICA 6 months after placement of the PED       

        Conclusion 

 Treatment of intracranial aneurysm is determined prin-
cipally on the basis of anatomical considerations and 
morphology. Anatomical and clinical characteristics must 
be taken into consideration with endovascular treatment 
of intracranial aneurysm. A good understanding of the 
aneurysm anatomy will enable successful treatment and 
minimize complications. Although hardly a conclusive 
review of endovascular techniques in treatment of aneu-
rysm, the cases here present basic techniques, including 
coil embolization, aneurysm neck reconstruction, and 
 fl ow diversion.      
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