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�Introduction

Very large and giant intracranial aneurysms are defined as 
aneurysms with a diameter >20  mm and >25  mm [1] 
respectively. Giant aneurysms constitute approximately 
2–5% of all intracranial aneurysms [2–4]. The natural his-
tory of these lesions is poor, with reported mortalities rang-
ing from 66–80%. The worst outcomes have been observed 
in untreated posterior circulation giant aneurysms [3–5]. 
The majority of patients harboring very large and giant 
intracranial aneurysms (50–80%) present with thromboem-
bolic events or symptoms of mass effect [3, 6], whereas 
subarachnoid hemorrhage (SAH) occurs in approximately 
20–30% [6].

In view of the poor natural course of these lesions, aggres-
sive treatment aiming for both aneurysm occlusion and relief 
of mass effect has been recommended [6, 7]. The benefits of 
active aneurysm therapy must be weighed against the inher-
ent risks of treatment. Whereas surgical management carried 
a significant morbidity and mortality in the past [3], recent 
meta-analyses reported good clinical outcomes in as many as 
80% of the patients when individualized treatment strate-
gies—including both surgical and endovascular tech-
niques—were adopted [2]. The risk-benefit assessment, 
however, will favor active therapy only when treatment is 
performed at high-volume cerebrovascular centers, where 
the capacities of both neurosurgery and neurointervention 
are available and individualized treatment concepts consid-
ering anatomic location (cavernous vs. subarachnoid, ante-
rior circulation vs. posterior circulation), clinical presentation 
(SAH vs. mass effect vs. incidental presentation), patient 

demographics (age), and aneurysm morphology can be 
applied [6, 7].

Both reconstructive (clipping, coiling, stent-assisted coil-
ing, flow diversion [FD]) and deconstructive techniques 
(parent artery occlusion [PAO], PAO in conjunction with 
bypass surgery, and strategies of flow modification) are 
available for the treatment of cerebral aneurysms [8]. The 
aim of this paper is to review the current literature on the 
management of very large and giant aneurysms and to 
describe representative cases—treated by the senior author, 
who has been dually trained and is cross-experienced in both 
microsurgical and endovascular techniques—to illustrate 
possible treatment strategies.

�Reconstructive Techniques

Reconstructive techniques are usually the preferred treat-
ment strategy in the management of intracranial aneurysms, 
since these procedures do not compromise the patency of the 
parent vasculature and in turn do not interfere with cerebral 
blood flow distal to the aneurysm site. In the management of 
very large and giant aneurysms, open surgical strategies of 
direct aneurysm occlusion have proven technically difficult 
but often highly effective, whereas technically less challeng-
ing endovascular procedures, e.g., intrasaccular coil emboli-
zation, have proven ineffective in the long run. The role of 
more advanced endovascular strategies, e.g., FD stents and 
intra-aneurysmal FD, is still in the process of being defined.

�Clipping and Clip Reconstruction

Direct surgical clip ligation of the neck with preservation of 
the parent vasculature remains the ideal reconstructive treat-
ment strategy in the majority of very large and giant saccular 
aneurysms. Procedural outcomes usually depend on aneu-
rysm morphology (calcifications, intrasaccular thrombus, 
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complex anatomy), aneurysm location, parent artery caliber, 
and perforator anatomy [4, 6, 9, 10].

In the management of very large and giant middle cere-
bral artery (MCA) aneurysms, direct surgical clipping is 
considered the most effective and durable treatment, whereas 
coiling was identified as an independent risk factor for 
retreatment in a recent study describing the management of 
106 large and giant MCA aneurysms [11]. Coiling of MCA 
aneurysms carries a higher recurrence risk even in smaller 
lesions. In detail, the recurrence risk following coil emboli-
zation of >7 mm MCA aneurysms was 17.5% [12], and that 
of MCA aneurysms ≥11 mm was 46% in recent publications 
[13]. Long-term instability of MCA aneurysm occlusion was 
reported in 3% of the patients receiving surgical clipping and 
in >45% of the patients receiving intrasaccular coiling [14].

The success of direct clipping of very large and giant 
aneurysms depends on the ability to soften the aneurysmal 
sac intraoperatively, usually achieved by temporary clipping 
of the parent vasculature or measures inducing transient car-
diac standstill (i.e., pharmacologically induced hypodynamic 
standstill using Adenosine or electrically induced hyperdy-
namic standstill using rapid ventricular pacing). In cases of 
extensive intrasaccular thrombosis, aneurysmotomy and 
subsequent thrombectomy under pharmacologic cerebropro-
tection are required for successful clip reconstruction [6]. 
Multiple clips applied in different techniques (tandem clip-
ping, stacked multiple clips, overlapping clips) are usually 
required (Fig. 1a–c) [15, 16].

�Coil Embolization

Coil embolization has proven ineffective in the treatment of 
very large and giant aneurysms. Low initial complete occlu-
sion rates (10–60%) and high recanalization rates (56–90%) 
have been demonstrated in several studies [17, 18]. 
Mechanisms of recanalization include coil compaction, coil 
migration, and aneurysm regrowth [18, 19].

In a previous study assessing the results of coil emboliza-
tion in patients with very large or giant aneurysms, the senior 
author reported a 71% complete or nearly complete angio-
graphic occlusion rate immediately after the intervention. Of 
note, a single embolization served as definitive treatment for 
only 12.5% of the giant and only 31% of the very large aneu-
rysms in the long run [17]. In partially thrombosed aneu-
rysms presenting with mass effect, selective coiling 
reportedly resulted in continuous aneurysm growth in 18% 
of the cases, whereas only 7% of the aneurysms decrease in 
size [20]. Coiling had little if any effect on the relief of symp-
toms of mass effect.

The current body of literature strongly suggests that the 
initial angiographic occlusion rate after coil embolization is 
related to the risk of re-rupture [21]. Ruptured aneurysms 

with angiographic occlusion rates >90% 6 months after coil-
ing had low rates (0.4%) of recurrent SAH within the subse-
quent 8 years [22]. In large and giant aneurysms, the reported 
annual rebleeding rate of 1.9% after coil embolization was 
substantially higher [23]. A retrospective study reporting 
outcomes after surgical or endovascular therapy of 184 very 
large or giant aneurysms identified the following as risk fac-
tors for incomplete angiographic obliteration: (1) fusiform 
aneurysm morphology, (2) aneurysm location in the poste-
rior circulation, and (3) endovascular treatment (coiling or 
stent-assisted coiling) [24].

�Stent-Assisted Coiling

Intrasaccular coil embolisation has significant limitations in 
wide-necked aneurysms due to comparably lower packing 
densities and subsequently higher rates of recanalization. 
Therefore, alternative techniques using so-called neck bridg-
ing devices have been introduced (Fig. 1d–f). The technique 
of stent-assisted coiling uses a stent—which per se is a non-
occlusive device—to provide a scaffold to hold the coils 
within the aneurysmal sac [25]. Meta-analyses revealed that 
in patients harboring very large and giant aneurysms, occlu-
sion rates were significantly higher following stent-assisted 
coiling [73%] when compared to coiling alone (59%) [26]. 
Of note, significantly higher treatment morbidities have been 
reported following stent-assisted coiling when compared to 
regular intrasaccular coil embolization [27]. Stent-assisted 
coiling has nowadays become a routine procedure that can be 
performed safely and effectively in expert hands. Since the 
implanted device is endoluminal rather than intra-
aneurysmal, peri-interventional management of coagulation 
is of major importance and procedure-related complications 
of in-stent thrombosis and subsequent distal thromboembo-
lism are still relevant issues. When compared to flow diver-
sion [FD], stent-assisted coiling of giant aneurysms has the 
potential to further increase aneurysmal mass effect. It 
should be pointed out that stent-assisted coiling of a giant 
aneurysm can be a very expensive undertaking.

�Flow Diversion

Flow diverters have become an attractive alternative for the 
endovascular treatment of complex aneurysms in selected 
cases [28–31] because the technique does not suffer from the 
aforementioned shortcomings of intrasaccular coil emboli-
zation [17, 18, 20, 28]. Flow diverters initially received FDA 
approval for the treatment of large and giant aneurysms 
extending from the petrous to the superior hypophyseal seg-
ment of the internal carotid artery [32] (Fig. 1g–i). Currently, 
however, a variety of aneurysms—including those previously 
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Fig. 1  Reconstructive surgical and endovascular techniques. (a–c) 
Microsurgical clipping. Fifteen years after uneventful clipping of a 
7 mm left MCA bifurcation aneurysm, a 40 mm partially thrombosed 
aneurysm recurrence is detected on MRI (a). Since STA donor braches 
were of insufficient caliber and three M2 branches were incorporated 
into the aneurysm sac, the decision was made to treat the aneurysm by 
direct surgical clipping after temporary trapping, aneurysmotomy, and 
thrombectomy under pharmacologic cerebroprotection (b). 
Intraoperative left ICA angiograms demonstrate sufficient aneurysm 
obliteration (c) (A.G., procedure performed at the Kepler University 
Hospital Linz). (d–f) Stent-protected coil embolization. MRI (d) and 
right ICA angiograms (e) depict a 20 mm ICA aneurysm at the branch-

ing site of the superior hypophyseal artery. Aneurysmal mass effect 
resulted in optic nerve compression and subsequent visual field deficits. 
The patient was treated by stent-protected coil embolization (f) and 
regained vision over the following months, an effect attributable to 
aneurysm shrinkage after embolization (A.G., procedure performed at 
the Medical University Vienna). (g–i) Flow diversion. Right ICA angio-
grams (g) demonstrate a very large intracavernous ICA aneurysm that 
resulted in partial ophthalmoplegia from mass effect and intracavernous 
cranial nerve compression. The patient was treated by FD stenting (h), 
which resulted in complete aneurysm occlusion (i) and delayed resolu-
tion of ophthalmoplegia due to post FD aneurysm shrinkage (A.G., pro-
cedure performed at the Medical University Vienna)
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treated, acutely ruptured, small sized, located within the pos-
terior circulation, as well as non-saccular lesions including 
fusiform, dissecting, and pseudoaneurysms—are treated 
using FD techniques. For the time being, indications for FD 
treatment are unclear, and many procedures, especially those 
expanding FD indications from untreatable giant aneurysms 
to comparably easy surgical cases, must still be considered 
off-label uses of the device.

Similar to stent-assisted coiling, FD stenting relies on an 
endoluminal device creating an interface between the aneu-
rysmal sac and the parent vasculature. Aneurysm occlusion 
thereby occurs in a delayed fashion over weeks to months 
[23] by intra-aneurysmal flow modification, thrombus for-
mation, and subsequent endothelial overgrowth of the aneu-
rysm neck. Peri-interventional management of coagulation, 
i.e., dual antiplatelet medication, is of major concern, and in 
turn FD stents have limited if any value in the management 
of patients with acutely ruptured aneurysms [33]. Since 
intra-aneurysmal thrombosis occurs progressively over time 
and intra-aneurysmal pressures will remain elevated even 
after the initial angiographic occlusion—which is due to 
stagnant aneurysmal inflow rather than to aneurysm oblitera-
tion (“a flow diverter is not a pressure diverter”) [34]—
patients managed using FD stents in the acute phase after 
aneurysmal SAH are still at risk for early rebleeding.

Possible strategies to circumvent the problem of dual 
anti-platelet medication for FD treatment in acutely ruptured 
aneurysms include (1) techniques of intra-aneurysmal FD 
and (2) staged procedures consisting of partial protective 
coiling of the aneurysm dome in the acute phase followed by 
later definitive FD treatment. Such staged procedures were 
both safe and effective in a recent series of 31 patients with 
acutely ruptured intracranial aneurysms [35].

Unexplained cases of early post-interventional hemor-
rhages after FD treatment—occurring also in initially unrup-
tured aneurysms and with often fatal consequences under 
dual anti-platelet medication—may also be explained by 
intrasaccular processes of active thrombus formation and 
degradation affecting the integrity of the aneurysm wall [36–
38]. These mechanisms remain speculative, however, since 
any residual flow within the aneurysm may per se trigger 
further aneurysm growth or rupture [39]. In line with these 
findings, a recent study demonstrated significantly improved 
occlusion rates in absence of post-interventional hemor-
rhages in patients undergoing FD stenting in conjunction 
with concomitant coiling when compared to FD treatment 
alone (88.9% versus 61.5% complete occlusion rate, respec-
tively) [31].

Similar mechanisms may trigger early giant aneurysm 
growth after FD treatment. A recent retrospective study 
found that 6 out of 45 aneurysms managed by FD stenting 
had increased >20% in size during the first 6 months and pro-
duced symptoms of intracranial mass-effect [36]. Since other 

sources indicate that all aneurysms that underwent FD stent-
ing either collapsed completely (in 90% of cases) or 
decreased significantly in size (in 10% of cases) between 6 
and 18  months after the intervention, it is likely that the 
aforementioned mechanisms of post-FD stenting aneurysm 
expansion are transient in nature [38].

A recent study reported a 95.2% complete occlusion rate 
in complex internal carotid artery aneurysms undergoing FD 
stenting in absence of hemorrhagic or ischemic cerebrovas-
cular events [28]. In the same patient cohort, the complete 
aneurysm occlusion rate after 180 days was 73.6% [28, 40]. 
Other reports have demonstrated complete aneurysm occlu-
sions in as many as 76% of the giant aneurysms treated using 
FD stents. This success, however, came at the cost of compa-
rably higher treatment morbidities when compared to those 
of conventional coil embolization. In detail, the reported 
procedure-related mortality was 5% and the overall ischemic 
stroke rate was 6%. Perforator strokes occurred in 3% and 
patients with posterior circulation aneurysms were more 
likely to be affected. In basilar artery aneurysms, perforator 
territory strokes were encountered in 14% [41]. The rates of 
post-procedural SAH or parenchymal hemorrhage were 3% 
each [29]. Aneurysm morphology may further influence the 
success of FD treatment. Recent data indicate that permanent 
complete aneurysm occlusion is less likely in aneurysms 
incorporating arterial side branches, i.e., in lesions where 
major arteries arising from the aneurysm are jailed during 
FD stent placement [42]. It should therefore be pointed out 
that the clinical safety of FD devices is still in a process of 
being defined [23]; e.g., a multicenter randomized care trial 
and registry was recently halted due to safety and efficacy 
concerns [43].

�Deconstructive Techniques

Deconstructive measures are indicated only in those cases 
where reconstructive treatment of cerebral aneurysms is 
impossible or associated with unacceptable treatment mor-
bidities. As previously mentioned, these strategies include 
[10, 44] therapeutic surgical or endovascular parent artery 
occlusion (PAO), PAO in conjunction with flow replacement 
bypass surgery, was well as techniques of flow modification 
(e.g., deliberate basilar trunk occlusion to induce flow rever-
sal for the management of otherwise untreatable very large 
and giant basilar apex aneurysms).

�Parent Artery Occlusion

As demonstrated in Fig.  2a–c, PAO relies on competent 
crossflow via anterior and posterior communicating artery 
collaterals as well as leptomeningeal anastomoses. The 
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Fig. 2  Deconstructive surgical and endovascular techniques. (a–c) 
Parent artery occlusion. Right ICA angiograms (a) demonstrate a giant 
intracavernous ICA aneurysm that exerted local mass effect and resulted 
in complete right-sided ophthalmoplegia. The patient was managed by 
endovascular parent artery occlusion after successful balloon test occlu-
sion. Left ICA angiograms (b) depict sufficient crossflow via the ante-
rior communicating artery to supply the right hemisphere after 
therapeutic parent artery sacrifice (b). The intracavernous giant aneu-
rysm decreased in size significantly as depicted on follow-up MRIs (c) 
and the patient’s ophthalmoplegia gradually resolved over time (A.G., 
procedure performed at the Medical University Vienna). (d–f) Parent 
artery occlusion under low-flow bypass protection. Right ICA angio-
grams demonstrate a giant intracavernous ICA aneurysm (d) that 
became symptomatic by local cranial nerve compression and mani-
fested in partial oculomotor nerve palsy. The patient was managed by 

STA–MCA double-barrel low-flow bypass revascularization (e) 48  h 
before successful awake balloon test occlusion and subsequent endo-
vascular parent artery occlusion. The bypass in conjunction with pre-
existent anterior communicating artery crossflow (f) was sufficient to 
revascularize the right hemisphere after therapeutic endovascular par-
ent artery sacrifice (A.G., procedure performed at the Medical 
University Vienna). (g–i) Parent artery occlusion under venous high-
flow bypass protection. Right ICA angiograms depict a partially coiled, 
recurrent very large aneurysm of the right ICA at the branching site of 
the superior hypophyseal artery, exerting progressive optic nerve com-
pression and resulting in right-sided visual loss (g). The patient was 
managed by saphenous vein high-flow bypass revascularization (h, i) 
followed by parent artery occlusion during the same procedure. The 
patient recovered gradually but never regained vision in her right eye 
(A.G., procedure performed at the Kepler University Hospital Linz)
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safety and feasibility of this strategy is assessed during bal-
loon test occlusions [BTO] in the awake patient prior to 
definitive surgical or endovascular vessel sacrifice. Many 
surgeons, however, prefer revascularization in all cases that 
require major vessel sacrifice [44]. PAO is often followed by 
a significant reduction of aneurysm size and alleviation of 
aneurysmal compressive mass effect (Fig. 2a–c).

�Parent Artery Occlusion in Conjunction 
with Bypass Surgery

In the vast majority of the cases, however, spontaneous col-
lateral crossflow is inadequate to provide sufficient hemi-
spheric blood flow distal to the point of PAO. In these cases, 
cerebral revascularization is required prior to PAO. Generally 
speaking, cerebral bypasses can be stratified according to 
their function (flow replacement bypass, flow augmentation 
bypass), their donor grafts (pedicled, interpositional, in situ), 
the sites of anastomosis (extracranial [EC]–intracranial [IC], 
EC–IC) and the flow provided (low-, intermediate-, and high 
flow) [44]. The revascularization technique selected for flow 
replacement bypass surgery in the management of intracere-
bral aneurysms depends on the treatment strategy chosen. In 
cases in which bypass surgery is performed in conjunction 
with surgical PAO during the same procedure (i.e., cases 
where neurologic assessment of the awake patient is not pos-
sible), high-flow bypass surgery is usually performed. It is 
reasonable to “oversize” the bypass rather than to face isch-
emic complications due to insufficient low-flow bypass 
revascularization (Fig. 2g–i). In those cases, however, where 
the therapeutic strategy involves cerebral revascularization 
1–2 days ahead of BTO and endovascular PAO, other bypass 
techniques (i.e., double barrel STA–MCA bypass in cases of 
anterior circulation aneurysms, OA–PCA or OA–PICA 
bypasses in cases of posterior circulation aneurysms) may be 
justified. The senior author has successfully performed this 
technique in over 40 cases (Fig. 2d–f). Anterior and posterior 
communicating artery crossflow as well as leptomeningeal 
collaterals frequently contribute further to post PAO hemi-
spheric revascularization.

The occlusion rates reported with indirect aneurysm treat-
ment are high. A recent series described the management of 
82 patients with complex intracranial aneurysms using both 
EC-IC and IC-IC bypasses and reported aneurysm oblitera-
tion rates of over 97% with low treatment-related morbidi-
ties [9]. Aneurysms managed by PAO in conjunction with 
bypass revascularization usually shrink in size over time. A 
recent multi-center study observed an average delayed vol-
ume reduction of 55.2% in giant aneurysms treated by PAO 
and bypass revascularization [1].

Whereas revascularization of multiple vascular territo-
ries distal to the site of PAO is usually easily obtained using 

the STA–MCA double-barrel technique (e.g., temporal and 
frontoparietal territories in cases of M1/M2 bifurcation 
aneurysms), this may be difficult in cases of—single-bar-
rel—high-flow revascularization. Recent publications have 
reported a multiple reimplantation technique for the recon-
struction of complex and giant MCA bifurcation aneurysms, 
where the efferent M2 branches are serially reimplanted into 
the saphenous vein donor graft [45]. The technical nuances 
of indirect surgical aneurysm occlusion were addressed in a 
recent publication, describing 18 different bypass strategies 
for the treatment of 30 complex MCA aneurysms, all man-
aged with excellent surgical and clinical results [16].

Perforator occlusion in conjunction with PAO-induced 
thrombosis is always a major concern. A recent case series 
describing the management of 141 giant aneurysms reported 
thrombotic occlusion of perforators or branching arteries in 
7% of the aneurysms receiving indirect treatment [10]. In 
those cases, where complete surgical trapping or endovascu-
lar coil embolization of the aneurysm is impossible due to 
delicate perforator anatomy, proximal or distal occlusions 
may be performed. This strategy relies on intra-aneurysmal 
flow modification to reduce the risk of aneurysm rupture, to 
induce slow aneurysm thrombosis, and to preserve flow into 
the perforating branches [10, 46]. In some cases, however, 
postoperative aneurysm ruptures with devastating conse-
quences have been reported with this technique [47].

Periprocedural ischemia due to prolonged temporary clip-
ping times while suturing the anastomosis is another impor-
tant issue. The larger the caliber of the donor graft (i.e., 
during high-flow bypass surgery), the larger—and thus more 
proximal—the recipient artery should be. In turn, the more 
proximal the recipient artery, (1) the larger the vascular terri-
tory rendered ischemic during temporary clipping for sutur-
ing the anastomosis, and (2) the more difficult and usually 
time-consuming the suturing of the anastomosis will be. To 
overcome this problem, the technique of excimer laser-
assisted non-occlusive anastomosis [ELANA] bypass was 
introduced to provide high-flow revascularization without 
cross-clamping related distal ischemia or stroke. The role of 
this technique, usually reserved for the most challenging 
lesions, is still in a process of being defined [44, 48]. In many 
cases, originally considered suitable for the ELANA proce-
dure, FD stenting and other innovative reconstructive endo-
vascular techniques have proven effective as well.

�Conclusion

Very large and giant intracranial aneurysms are among the 
most challenging pathologies in neurosurgery. Patients 
harboring such lesions should be managed at high-volume 
cerebrovascular centers by multidisciplinary teams trained 
in all techniques of open and endovascular neurosurgery. 
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In view of the poor natural history, active management 
using multiprofessional individualized approaches [4, 6, 7, 
9–11, 15, 16, 44–46, 48–50] is required to achieve com-
plete aneurysm occlusion, relief of mass effect, and oblit-
eration of the embolic source with acceptable treatment 
morbidities [7]. Microsurgical and endovascular tech-
niques are complementary rather than competitive strate-
gies that can ideally be combined in hybrid procedures. 
Both microsurgery [6, 7, 15, 16] and neurointervention are 
still improving in technique and outcome. With an increas-
ing endovascular caseload, neurosurgeons working in the 
field of cerebrovascular disease may find themselves in a 
“low case scenario” in the near future, where innovative 
strategies of surgical training—including haptic and vir-
tual models of simulation [51]—will be of major impor-
tance to maintain the current levels of technical skill and 
procedural quality.
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