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Objective : Very large (20–25 mm) and giant (≥25 mm) intracranial aneurysms have an extremely poor natural course, and 
treatment of these aneurysms remains a challenge for endovascular and surgical strategies. This study was undertaken to describe 
our experiences of endosaccular treatment of very large and giant intracranial aneurysms with parent artery preservation. 
Methods : From January 2005 to October 2016, twenty-four very large or giant aneurysms in 24 patients were treated by 
endosaccular coil embolization with parent artery preservation. Nine (37.5%) aneurysms were ruptured and 15 were unruptured, 
and of these 15, 11 were symptomatic cases and 4 were incidentally discovered. The cohort comprised 17 women and 7 men of 
mean age 58.5 years (range, 26–82). Mean aneurysm size was 26.0 mm (range, 20–39) and 13 of the 24 aneurysms were giant. 
Results : Immediate angiographic results were complete occlusion in nine (37.5%) cases, remnant neck in six (25.0%), and remnant 
sac in nine (37.5%). Overall procedural related morbidity and mortality rates were 12.5% and 4.2%, respectively. Angiographic 
follow-up was available in 16 patients (66.7%). Mean and median follow-up periods were 27.2 (range, 2–77) and 10.5 months, 
respectively. In 12 cases (12/16, 75%) stable occlusion was achieved, four cases (4/16, 25%) had recanalized, and two of these were 
retreated with additional coiling. At clinical follow-up of the nine ruptured cases, three patients (33.3%) achieved a good clinical 
outcome (Glasgow outcome scale [GOS] score of 4 or 5), two (22.2%) a poor outcome (GOS score of 2 or 3), and four patients (44.4%) 
expired (GOS 1). On the other hand, of the 15 unruptured cases, 13 patients (86.7%) achieved a good clinical outcome (GOS 4 or 5), 
one patient a poor outcome (GOS score of 2 or 3), and one patient expired (GOS 1).
Conclusion : The present study shows endosaccular treatment of very large or giant intracranial aneurysms with parent artery 
preservation is both feasible and effective with acceptable morbidity and mortality.
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INTRODUCTION

Treatment of very large (20–25 mm) and giant (≥25 mm) 

intracranial aneurysms remains a challenge for intervention-

ists and surgeons because of their sizes, intraluminal throm-

bosis, calcification, and incorporated perforating arteries6). 

However, recent advancements in endovascular techniques 

and devices have increased the scope of endovascular ap-

proaches to these lesions. Currently, a few series have reported 

on the endovascular treatment of large and giant intracranial 

aneurysms with parent artery preservation. Large intracranial 

aneurysm is usually defined as an aneurysm with a maximum 

diameter ranging from 10 to 25 mm, but this size range may 

be inappropriate for the definition of a single disease entity. 

Therefore, we defined a very large aneurysm as one with a 

maximum diameter of ≥20 mm but <25 mm, and a giant an-

eurysm as one with a maximum diameter of ≥25 mm.

The aim of this study was to report the long-term outcomes 

of very large and giant aneurysms treated endovascularly with 

parent artery preservation and to document the incidences of 

complications, recurrences, and retreatment.  

MATERIALS AND METHODS

Patient population
The medical records of patients that underwent endosaccu-

lar treatment for a very large or a giant intracranial aneurysm 

were retrospectively reviewed. Between January 2005 and Oc-

tober 2016, 24 (2.2%) among 1094 embolized aneurysms were 

very large or giant intracranial aneurysms treated by endovas-

cular coiling with parent artery preservation. All aneurysms 

were of the saccular type as confirmed by computed tomogra-

phy (CT) or magnetic resonance imaging (MRI) and digital 

subtraction angiography (DSA). Two neurovascular surgeons 

and two neurointerventionists carefully reviewed angiograms 

to decrease inter-observer variability. Patient demographics, 

aneurysm characteristics, treatment techniques, and angio-

graphic and clinical outcomes were reviewed with focus on 

angiographic results, recurrence rates, and clinical outcomes.

Endovascular technique
Two vascular neurosurgeons and two interventional neuro-

radiologists evaluated the 24 cases for endovascular treatment. 

Informed consent for all proce dures was obtained from pa-

tients or next of kin. Most of the aneurysms were coiled under 

light sedation with dexmedetomidine (maintenance dose; 0.6-

1.0 mcg/kg/hr) or propofol sedation. In the majority of cases, 

the right femoral artery was accessed using a 6-French (Fr) 80 

cm long Shuttle sheath (Cook, Bloomington, IN, USA). In one 

case, direct common carotid artery puncture was performed 

because of the tortuous natures of the aorta and proximal ca-

rotid artery. A 6-Fr guiding catheter (Envoy, Cordis, Miami 

Lakes, FL, USA) was then placed in the distal internal carotid 

artery (ICA) as far as possible. After attaining access to the 

femoral artery, a bolus of 3000 IU heparin was administered 

intravenously at the beginning of the procedure in non-hem-

orrhagic cases. However, in cases of aneurysm rupture, hepa-

rin was administered after microcatheter selection of the an-

eurismal sac. Regardless of rupture, an additional 1000 IU 

bolus of hep arin was administered hourly to maintain an acti-

vated clot ting time of ≥250 seconds. All sheaths, guiding cath-

eters, and microcatheters were continually flushed with hepa-

rinized saline (at a concentration of 1000 IU of heparin per 

1000 mL of saline). In non-hemorrhagic cases, dual antiplate-

let premedication, consisting of 75 mg clopidogrel and 100 mg 

aspirin, was administered for 7 days before the endovascular 

procedure. Postoperatively, dual antiplatelet therapy (clopido-

grel and aspirin) was maintained for at least 6 months in all 

cases.  

Endovascular treatment was performed using a simple coil 

(n=5, 20.8%), a stent assisted coil (n=15, 62.5%), or a balloon 

assisted coil (n=4, 16.7%). Simple coiling was performed in 

most using the two-catheter technique with tailored micro-

catheter steam shaping. When the two-catheter technique 

could not be applied or failed, adjunctive techniques (balloon-

assisted or stent-assisted coiling) were used to achieve satisfac-

tory results. Theoretically, the two-catheters technique im-

proves packing density and ensures the coil mass do not 

protrude into the parent artery. Coils were inserted within an-

eurysms as densely as possible, or until another coil could not 

be inserted, without com promising the parent artery. 

After all procedures, multi ple angiographic projections were 

obtained to assess results, and if no complication was evident 

by final angiography performed at 30 minutes after coiling, 

procedures were completed. In addition, non-enhanced brain 

CT was performed immediately after procedures to confirm 

the absence of possible complications.
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Clinical and angiographic follow-up assessments
All patients with subarachnoid hemorrhage (SAH) were ini-

tially evaluated according to the Hunt-Hess (H-H) grading 

system. Patients without a history of SAH were considered 

H-H grade 0. Grades 0–3 were considered to indicate good 

clinical preoperative status and grades 4–5 to indicate poor 

status. Post-procedural and follow-up clinical outcomes were 

assessed using the Glasgow outcome scale (GOS), where; 

1=death, 2=persistent vegetative state, 3=severe disability, 

4=moderate disability, and 5=low disability. Procedure relat-

ed permanent morbidity was defined as a change in GOS 

score associated with intervention. Initial angiographic results 

were classified using the Raymond classification as; complete 

occlusion (CO), remnant neck (RN), or remnant sac (RS)17). 

Recurrence of coiled aneurysms was classified as; stable occlu-

sion (SO; defined as no interval change or further obliteration 

as compared with initial post embolization angiograms), mi-

nor recanalization (MIR, recanalized volume of <20%), ma-

jor recanalization (MAR, recanalized volume of ≥20% of ini-

tial aneurismal volume), or regrowth (defined as aneurismal 

dilatation or de novo appearance of a daughter sac). Major re-

canalization or regrowth cases were considered candidates for 

retreatment on an individual basis.

RESULTS

Baseline patient and aneurysm characteristics 
and treatment modalities

Angiographic (DSA or MRA) and clinical follow-up records 

were analyzed. The study cohort consisted of 17 females and 

seven males of mean age 58.5 years (range, 26–82). Nine 

(37.5%) patients presented with SAH. H-H grades in ruptured 

cases were as follows; grade 2 in one patient, grade 3 in three 

patients, grade 4 in three patients, and grade 5 in two patients. 

Five patients (20.8%) had a poor pre-procedural condition 

(H-H grade 4 or 5). Of the 15 unruptured aneurysms, four 

were incidentally discovered, 10 were associated with cranial 

nerve palsy attributed to mass effect, and one was diagnosed 

after a transient ischemic attack (TIA). Mean aneurysm size 

was 26.0 mm (range, 20–39) and 13 were giant aneurysms. 

Twenty aneurysms (83.3%) were located in the anterior circula-

tion, that is, 14 in the internal carotid artery (ICA), two in the 

middle cerebral artery (MCA), three in the posterior commu-

nicating artery, and one in the persistent primitive trigeminal 

artery. Four aneurysms (16.7%) were located in the posterior 

circulation, that is, three in the basilar artery top and one in the 

vertebro-basilar junction. 

Giant aneurysm cases were tested by balloon test occlusion 

(BTO) and all failed to show tolerance. All aneurysms were 

embolized with parent artery preservation. Stents were used 

in 15 (62.5%) cases. The clinical presentations and character-

istics of patients are summarized in Tables 1 and 2.

Immediate angiographic results and complications
Immediate post-procedure angiograms revealed; CO in 

nine patients (37.5%), RN in six (25.0%), and RS in nine pa-

tients (37.5%). Packing densities ranged from 12% to 20%. 

Complications were as follows; five (20.8%) acute thrombo-

embolism, one (4.2%) parent artery dissection, one (4.2%) 

puncture site hematoma, and three (12.5%) delayed cerebral 

infarction. All cases of acute thromboembolism were resolved 

by chemical or mechanical thrombolysis, but one patient en-

countered delayed cerebral infarction in right MCA territory. 

Delayed parent artery occlusion due to arterial dissection was 

encountered in one case of ophthalmic segment ICA giant an-

eurysm, and several days after coil embolization, the patient 

experienced a TIA. Angiography confirmed complete occlu-

sion of ICA with sufficient collateral flow through the anterior 

communicating artery. Induced hypertension therapy was 

initiated and the patient recovered fully without ischemic 

symptoms. Accordingly, the procedure related permanent 

morbidity rate was 12.5% (3/24). Fig. 1 demonstrated coiling 

of symptomatic unruptured left ICA giant aneurysms with 

parent artery preservation.

Follow-up angiographic and clinical outcomes
Follow-up angiograms were available for 16 patients (66.7%); 

the other eight were excluded due to death (five patients) of 

follow-up loss (three patients). Mean angiographic follow-up 

period was 27.2 months (range, 2– 77; median, 10.5 months). 

Of these 16 patients, 11 cases achieved SO, four cases were re-

canalized (2 MAR, 2 MIR), and one presented with delayed 

parent artery occlusion as mentioned above. The two patients 

that presented with MAR were retreated by additional coil em-

bolization. Retreatment results were confirmed as SO by fol-

low-up angiography. At the time of writing, the two patients 

with MIR were scheduled for follow-up angiography. 
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At clinical follow-up visits, 16 patients (66.7%) had a GOS 

score of 4 or 5 (good outcome), three patients (12.5%) had a 

GOS score of 2 or 3 (poor outcome), and five patients had ex-

pired (an overall mortality rate of 20.8% [5/24]). However, 

among ruptured cases, four patients (44.4%, 4/9) expired due 

to an initial poor clinical grade. The mortality rate among un-

ruptured cases was 6.7% (1/15), and this was attributed to 

delayed MCA territory malignant infarction. Angiographic 

and clinical outcomes are summarized in Table 3.

DISCUSSION

Very large and giant intracranial aneurysms have an ex-

tremely poor natural history due to the possibilities of severe 

hemorrhage, mass effect, or thromboembolic complications. 

Peerless and Drake15) reported 2- and 6-year mortality rates of 

68% and 85%, and Kodama et al.12) four cases were recana-

lized (2 MAR, 2 MIR), and one presented with delayed parent 

artery occlusion as mentioned above. The two patients that 

Table 2. characteristics of patients 

No. of aneurysms (patients) 24 cases (24 patients)

Mean age 58.5 (26–82)

Female/male 17 (70.8)/7 (29.2)

Initial aneurysm state 

Rupture 9/24 (37.5)

Unruptre 15/24 (62.5)

Aneurysm size 

Large (20–24 mm) 11/24 (45.8)

Giant (≥25 mm) 13/24 (54.2)

H-H grade  

0 (unruptred) 15

1 0

2 1

3 3

4 3

5 2

Unruptured aneurysms 

CN palsy 10

TIA 1

Incidental 4

Aneurysm location

ICA(petro-cavernous) 14/24 (58.3)

MCA bifurcation 2/24 (8.3)

PcomA 3/24 (12.5)

PPTA 1/24 (4.2)

BA 3/24 (12.5)

VB junction 1/24 (4.2)

Values are presented as number (%). H-H grade : Hunt-Hess grade, 
CN palsy : cranial nerve palsy, TIA : transient ischemic attack, ICA : 
internal carotid artery, MCA : middle cranial artery, PcomA : posterior 
communicating artery, PPTA : persistent primitive trigeminal artery, BA : 
basilar artery, VB junction : vertebrobasilar junction

Fig. 1. A 58-year old woman with left 6th cranial nerve palsy patient. A : 
A pre-procedural axial T1-weighted magnetic resonance image showing 
a intracranial aneurysm. b : A lef t internal carotid artery (IcA) 
angiography. c : A 3-dementional reconstruction image showing a giant 
aneurysm arising from left cavernous segment IcA. d : The aneurysm 
was coiled by the multiple catheters with stent. e : A post-procedural 
angiography showing small remnant neck of the aneurysm with parent 
artery preservation. f : Seven months follow-up angiography showing 
stable occlusion of the aneurysm.

A

d

b

e

c

f
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presented with MAR were retreated by additional coil emboli-

zation. Retreatment results were confirmed as SO by follow-

up angiography. At the time of writing, the two patients with 

MIR were scheduled for follow-up angiography. 

At clinical follow-up visits, 16 patients (66.7%) had a GOS 

score of 4 or 5 (good outcome), three patients (12.5%) had a 

GOS score of 2 or 3 (poor outcome), and five patients had ex-

pired (an overall mortality rate of 20.8% [5/24]). However, 

among ruptured cases, four patients (44.4%, 4/9) expired due 

to an initial poor clinical grade. introduction, it appears quite 

inappropriate to consider large aneurysms (generally defined 

as having a maximum diameter of ≥10 mm) and very large or 

giant aneurysms (maximum diameter of ≥20 mm) as a single 

disease entity. Accordingly, we limited this study to very large 

and giant aneurysms. 

Traditional therapeutic option for very large and giant aneu-

rysm was direct surgical clipping or trapping with or without 

bypass surgery. However, surgical treatment is often challeng-

ing and can be associated with significant morbidity4,10,18,19). 

Nowadays, endovascular treatment has largely replaced open 

surgery for small to medium sized intracranial aneurysms4,17,21). 

However, the endovascular treatment of very large and giant 

aneurysm is challenging due to the incompleteness of results. 

Sluzewski et al.18) reported two major cause for very large and 

giant aneurysm recanalization, that is, coil compaction 

due to thrombus resolution in the sac, and insufficient packing 

density due to an increase in aneurysmal volume. Therefore, 

in our opinion, complete occlusion is an important goal of 

initial treatment for very large and giant aneurysms in 

particular, and strict follow-up angiography should be viewed 

as mandatory. In the present study, CO was observed after 

Table 4. comparison of outcomes in endovascular series of large and giant intracranial aneurysms

Study
No. of 

aneurysm
Enroll 
ment

Recanal 
ization (1st f/u) 

(%)

Procedural 
morbidity (%)

Overall 
mortality 

(%)

Good 
outcome  

(GOS 4–5) (%)

Poor 
outcome 

(GOS 1–3) (%)
Publish

Gruber et al.7) 31 ≥20 - 13.3 6.7 73.3 26.7 1999 Without PAO

Sluzewski et al.18) 31 ≥20 69.0 12.9 17.2 79.3 20.7 2003 Without PAO

Li et al.14) 20 ≥20 21.1 5.0 5.0 95.0 5.0 2007 Include PAO

Jahromi et al.10) 39 ≥25 - 26.0 29.0 63.0 37.0 2008 Include PAO

Hauck et al.9) 15 ≥20 80.0 0 0 93.3 6.7 2009 Without PAO

Ha and Jang et al.8) 9 ≥25 22.2 0 11.1 88.9 11.1 2012 Without PAO

Present study 24 ≥20 25.0 12.5 20.8 66.7 33.3 Without PAO

Ruptured - (44.4)

Unruptred - (6.7)

f/u : follow up, GOS : Glasgow outcome scale, PAO : parent artery occlusion

Table 3. Summary of angiographic and clinical outcomes

Status Value

Immediate angiographic results

CO 9/24 (37.5)

RN 6/24 (25.0)

RS 9/24 (37.5)

Angiographic follow-up results

Parent artery occlusion 1/16 (6.3)

SO 11/16 (68.8)

MIR 2/16 (12.5)

MAR or RG 2/16 (12.5)

Clinical follow-up results 

Ruptured aneurysms

GOS 5 or 4 (good outcome) 3/9 (33.3)

GOS 3 or 2 (poor outcome) 2/9 (22.2)

GOS 1 (death) 4/9 (44.4)

Unruptured aneurysms

GOS 5 or 4 (good outcome) 13/15 (86.7)

GOS 3 or 2 (poor outcome) 1/15 (6.7)

GOS 1 (death) 1/15 (6.7)

Values are presented as number (%). CO : complete occlusion, RN : 
remnant neck, RS : remnant sac, SO : stable occlusion, MIR : minor 
recanalization, MAR : major recanalization, RG : regrowth, GOS : Glasgow 
outcome scale
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initial treatment in 37.5% of patients (9/24) and recurrence in 

25%, that is, in 4 of the 16 patients that underwent follow-up 

DSA. These values are similar to those reported by several 

studies on the recurrence rates (21.1 –80.0%) of large and giant 

aneurysms (Table 4)7-9,18).
Recent technique advancements, for example, compliant 

balloons, intracranial stents, and flow diverters, have facilitat-

ed the endovascular treatments of very large and giant aneu-

rysms. In particular, f low diverters, which reduces hemody-

namic interactions between aneurysms and parent arteries, 

have recently emerged as a new endovascular treatment for 

large and giant aneurysms. Brinjikji et al.3) reported initial 

complete occlusion rates of 76% overall, 80% for small aneu-

rysms (<10 mm), 74% for large aneurysms (≥10 mm and 

<25 mm), and 76% for giant aneurysms; procedural morbid-

ity and mortality rates were 5% and 4%, respectively. Becske 

et al.1,2) reported treatment of uncoilable or failed aneurysms 

(mean size 18.2 mm) with f low diverters achieved complete 

occlusion rates of 90% and 93.4% at 1- and 3-year follow-up 

visits, respectively. el-Chalouhi et al.5) concluded flow divert-

ers were more cost effective than conventional coiling in an-

eurysmal volume of ≥0.9 mL. However, flow diverters should 

be considered more prudently as a therapeutic option. The 

major limitations of flow diverters are as follows; the need for 

prolonged antiplatelet use, the potential risk of delayed rup-

ture, device migration, aneurysm unrelated hemorrhage, de-

layed parent vessel occlusion, and the worsening of preexisting 

mass effect11,13,16). Furthermore, treatment of recently rup-

tured aneurysms with f low diverters is associated with rela-

tively high rebleeding risk, and should be approached cau-

tiously13). Thromboembolisms and perforator infarctions have 

also been associated with flow diverters. In addition, no ran-

domized trial has been conducted to compare f low diverter 

with conventional endovascular treatments in terms of safety 

or efficacy. Recently, a randomized trial called the Flow Diver-

sion for the Treatment of Intracranial Aneurysm Trial, which 

was designed to study safety and efficacy of f low diverters16), 

was halted due to safety concerns. It was concluded flow di-

verters demonstrated no superiority either in terms of safety 

or efficacy as compared with conventional endovascular treat-

ment, and recommended that more randomized trials are re-

quired to determine the role of flow diverters in the treatment 

of intracranial aneurysms16). 

Several conventional endovascular therapeutic options are 

available, such as parent artery occlusion (PAO) with balloons 

or coils, selective coil embolization with parent artery preser-

vation, and selective occlusion with Onyx. In general, PAO is 

considered most effective in cases of unclippable very large or 

giant intracranial aneurysm22). However, PAO is a limited ther-

apeutic option when BTO fails. In addition, ischemic compli-

cations may develop in 5% to 10% of patients who have passed 

BTO14). Therefore, when practicable, endosaccular coil emboli-

zation with parent artery preservation provides a near ideal 

therapeutic option. In the present study, 24 patients were treat-

ed by endosaccular coil embolization with parent artery pres-

ervation, and the overall mortality rate was 20.8%. However, 

the mortality rates of ruptured and unruptured cases were 

44.4% and 6.7%, respectively, and thus, procedurally related 

morbidity rate and mortality were 12.5% and 4.2%, respective-

ly, and no rebleeding was encountered during follow-up. In ad-

dition, unruptured aneurysm showed more favorable results, 

which concurs with several reports that demonstrated proce-

dural morbidities of 0– 26%, overall mortalities of 0– 29%, and 

good clinical outcomes (63– 95%) (Table 4).  

The limitations of present study include its retrospective na-

ture, patient selection bias, the recruitment of a limited num-

ber of patients, and relatively short follow-up duration. In par-

ticular, the angiographic and clinical outcome of the very large 

of giant aneurysm may differ depending on whether it is rup-

tured or unruptured, thus the results should have been de-

scribed in the two groups. However, this study reported the 

overall outcomes without separating the two groups because 

the limited number of patients. Nevertheless, our findings 

suggest the endosaccular treatment of very large and giant in-

tracranial aneurysms might be a feasible and effective thera-

peutic option. Compensatory interventional and surgical 

team approaches are also mandatory to treat very large and 

giant aneurysms.

CONCLUSION

Although a wide range of endovascular options are available 

for the treatment of very large and giant intracranial aneu-

rysms, no current technique is completely successful or free 

from complications. However, the present study suggests en-

dosaccular treatment of very large and giant aneurysm with 

parent artery preservation provides a feasible, effective treat-
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ment modality with acceptable morbidity and mortality.
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