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Blister aneurysms of the internal carotid artery (ICA) 
arise at a nonbranching site of the dorsal wall of 
the supraclinoid portion of the ICA.1,17,30,31,36,38,45,48, 

53,54 These types of aneurysms are rare and their manage-
ment remains difficult. Whether the approach to these an-
eurysms is surgical or endovascular, the literature shows a 
high mortality and morbidity rate due to their fragile wall 
with its high rate of rupture during treatment.28,38,46,48 How-
ever, this grim prognosis is based on results that indis-

criminately group all blister aneurysms together without 
taking into account the heterogeneous appearance of these 
lesions, thus making different treatment strategies diffi-
cult to assess. The first goal of this study was to ascertain 
whether blister aneurysm morphology played a role in the 
different pitfalls that may be encountered during surgery, 
and whether this morphology would require adapted surgi-
cal strategies. The second goal was to investigate whether 
any morphological differences could be categorized into 

abbreviatioN ICA = internal carotid artery. 
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obJect Blister aneurysms of the supraclinoid part of the internal carotid artery (ICA) are known for their high morbidity 
and mortality rates related to treatment, regardless of whether the treatment is surgical or endovascular. However, this 
grim prognosis is based on results that indiscriminately group all blister aneurysms together without taking into account 
the heterogeneous appearance of these lesions. The goal of this study was 2-fold: to determine whether different blister 
aneurysm morphologies present different pitfalls, which would then require different surgical strategies, as well as to 
determine whether there are identifiable subgroups of these types of aneurysms based on morphology.
methods The authors reviewed the charts, cerebral catheter angiograms, surgical reports, and intraoperative videos 
of all ICA blister aneurysms treated surgically at the Centre Hospitalier de l’Université de Montréal from 2005 to 2012 to 
investigate whether there was a relationship between morphology and pitfalls, and whether different surgical strategies had 
been used according to these pitfalls. During this review process the authors noted 4 distinct morphological aspects. These 
4 aspects led to a review of the English and French literature on blister aneurysms in which imaging was available, to deter-
mine whether other cases could also be classified into the same 4 subgroups based on these morphological aspects.
results The retrospective review of the authors’ series of 10 patients allowed a division into 4 distinct subtypes: 
Type I (classic), Type II (berry-like), Type III (longitudinal), and Type IV (circumferential). These subtypes may at times 
be progressive stages in the arterial anomaly, and could represent a continuum. Each subtype described in this paper 
presented its own pitfalls and required specific surgical adaptations. Upon reviewing the literature the authors retained 
35 studies involving a total of 61 cases of blister aneurysms, and all cases were able to be classified into 1 of these 4 
distinct subtypes.
coNclusioNs Although they share some common characteristics, blister aneurysms may be divided into distinct sub-
types, suggestive of a continuum. Such a classification with a detailed description of each type of blister aneurysm would 
allow for better recognition to anticipate complications during intervention and better assess the different treatment strat-
egies according to the subtypes.
http://thejns.org/doi/abs/10.3171/2014.11.JNS141004
KeY words blister aneurysm; clipping; subarachnoid hemorrhage; cerebral aneurysm morphology; vascular 
disorders; surgical technique
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distinct subtypes, which could be helpful in anticipating 
surgical complications.

methods
We reviewed the charts, cerebral catheter angiograms, 

surgical reports, and intraoperative videos of all ICA blis-
ter aneurysms treated surgically at our institution by the 
senior author (M.W.B.) from 2005 to 2012, to determine 
whether there was a relationship between aneurysm mor-
phology and pitfalls, and if that were true, how these dif-
ferences influenced our surgical strategies. During this re-
view we noted 4 distinct morphological aspects of blister 
aneurysms, which led us to review the English and French 
literature in which imaging was available, to investigate 
whether other cases could also be classified into 4 sub-
groups based on these morphological aspects.

Only cases of blister aneurysms, reported as such, in-
volving the supraclinoid segment of the ICA arising at a 
nonbranching site, were retained. Carotid-ophthalmic an-
eurysms were excluded. We excluded cases described as 
blister aneurysms involving other vessels of the anterior 
or posterior circulation. We also excluded cases in the lit-
erature with insufficient radiological descriptions or those 
in which no images were available.

results
In our series there were 10 patients who underwent 

operations during the study period who met the inclusion 
criteria. All 10 presented with the classic characteristics 
of blister aneurysms: they are very fragile, and arise at a 
nonbranching site of the supraclinoid segment of the ICA, 
most often in its anterior wall.28,38 However, in 1 of our 
cases, the aneurysm originated from its lateral wall. These 
aneurysms all arose at or close to the level of the posterior 
communicating artery. In 9 cases, they pointed toward the 
orbital part of the frontal lobe, and in 1 toward the tempo-
ral lobe. The common pitfalls associated with these gen-
eral characteristics are that, due to their extremely fragile 
wall, they can easily rupture with the slightest manipu-
lation during dissection or clip placement. Also, because 
they most often point toward the frontal lobe, they are sus-
ceptible to rupture during the approach, while the frontal 
lobe is being elevated.

Blister Aneurysm Classification
In our retrospective review in search of whether cer-

tain pitfalls could be associated with specific morpholo-

gies and whether these differences warranted a different 
clip placement technique, we noted some correlations. We 
were able to categorize the aneurysms into 4 subgroups, 
which we named as types, and which could be recognized 
at times as different stages in an aneurysm’s progression 
(Table 1). All aneurysms in our series and those we found 
in the literature could be readily classified into 1 of these 
4 types (Table 2).1,2,4,6,7,9,10,12–14,18–20,23–29,31–33,35,39–44,47,49–52,57 
Each type presented distinctive surgical pitfalls, which re-
quired a different clip placement technique.

The first type (Type I) is simply a blister aneurysm with 
a small bulge with no neck, which may be easily missed 
on the first angiogram. Although it commonly arises from 
the anterior wall of the ICA, because of its small size, it 
is unlikely that its dome adheres to the frontal lobe even 
though arachnoid bands may attach it to the surround-
ing tissue. In addition, although the bulge is small, the 
diseased arterial wall extends longitudinally beyond the 
bulge on both sides. In our series, these types of lesions 
have been treated with right-angle clips applied parallel to 
the carotid artery, incorporating a thin band of tissue from 
the healthy arterial wall.

The second type (Type II) of blister aneurysm was the 
most commonly observed, and resembles a berry aneu-
rysm. It also involves a part of the ICA wall, but with a 
sac having a large neck, although no larger than the di-
ameter of the ICA. Being larger, this type of aneurysm is 
more likely to adhere to the frontal lobe. Even though it 
resembles a berry aneurysm, the surrounding wall of the 
ICA is also diseased. Clipping of these aneurysmal sacs 
in our series also required including a small portion of the 
healthy artery wall.

In the third type (Type III), the aneurysmal sac in-
volves a significantly larger longitudinal portion of the 
ICA, defined as longer than the diameter of the ICA. In 
addition, as in the 2 previous types, the surrounding arte-
rial wall is also diseased. Not surprisingly, because of its 
size, it may also adhere to the frontal lobe. Because of the 
extended longitudinal involvement of the ICA, in contrast 
with Types I and II, this type of lesion required a recon-
struction of a very long segment of the parent artery by the 
application in tandem of 2 clips, both of which included a 
small band of healthy arterial tissue.

The fourth type (Type IV) involves almost all or all of 
the circumference of the ICA, thus showing an enlarge-
ment of the ICA on the angiogram. There is also a pouch 
associated with this enlargement, probably at the weakest 
point of the diseased parent artery. As in Types II and III, 
it may adhere to the surrounding brain tissue. A clipping-

table 1. subtypes of blister aneurysms in our series

Type Name Description No. of Cases Strategy

I Classic Part of wall, w/o sac 2 Clipping of a bulged artery ex-
tending to its healthy portion

II Berry-like Part of wall w/ sac, in which the neck is not 
longer than the diameter of the artery

6 Clipping of sac including part of 
healthy wall

III Longitudinal Long segment in which the neck is longer 
than the diameter of the artery

1 Parent artery reconstruction w/ 
tandem clips

IV Circumferential Circumferential 1 Clipping over wrapping
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table 2. review of radiologically documented blister aneurysms in the literature (1996–2013)

Authors & Year
No. of  

Patients/Total

Epidemiology Morphology

Sex Age Location
First Angiogram 

Negative Type

Kalani et al., 2013 2/18 F 46 Anteromedial I
M 44 Anterior I

Park 2013 1 F 58 Anterior I
Cho et al., 2012 1 F 57 Anterior Yes I
Murai et al., 2012 1 F 23 Anterior I
Yu-Tse et al., 2012 1 M 58 Anteromedial II
Haji et al., 2011 1 M 15 Anterior II
Horie et al., 2011 1 F 34 Anteromedial IV
Horiuchi et al., 2011 3/3 F 66 Anterior II

F 57 Anterior Yes I
 F 29 Anterior III
Matsubara et al., 2011 2/9 F 50 Anterior Yes I
 M 39 Anterior Yes I
Meckel et al., 2011 1/11 M 56 Posteromedial I
Regelsberger et al., 2011 3/3 F 49 Anterior I

F 44 Anterior III
 F 61 Posterior I
Gaughen et al., 2010 4/6 F 69 Anteromedial Yes I
 F 39 Anteromedial II

F 46 Posteromedial Yes I
 F 41 Anteromedial I
Lee et al., 2010 4/4 F 72 Dorsal I
 M 51 Dorsal II

M 61 Anteromedial Yes I
 F 52 Dorsal Yes I
McLaughlin et al., 2010 7/7 M 30  I
 F 33  I–II?

F 43  
 M 61  Yes

F 47  Yes
 F 52  

M 47  Yes
Shimizu et al., 2010 4/8 F 56 Anterior Yes II

F 49 Anterior I
 F 57 Anterior III

F 38 Anterior I
Lee et al., 200928 2/18 F 61 Anteromedial III

F 58 Anterior II
Lee et al., 200926 3/9 F 52 Anteromedial II

F 54 Anteromedial IV
 F 52 Anteromedial I

F 52 Anteromedial III
Otani et al., 2009 2/9 F 40 Posteromedial I

F 66 Anterior III
Vashu et al., 2009 2/2 F 14 Anterolateral I

F 48 Lateral III
Ahn et al., 2008 1 F 64 Anteromedial II

(continued)
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over-wrapping technique was required. Table 1 presents 
the number of cases according to each type and the corre-
sponding clip placement technique. An artistic representa-
tion of the 4 types is shown in Fig. 1.

There was no death in the series. There was no rebleed-
ing nor any cerebrovascular infarctions. The modified 
Rankin Scale score at 3 months for all patients was 1 or 0. 
Postoperative radiological CT angiograms obtained 1 year 
after the operation did not show any residual or recurrent 
aneurysms.

literature review
Reviewing the literature, and excluding patients from 

our series, we found 35 articles involving 61 cases of blis-
ter aneurysms with sufficient radiological documentation, 
after excluding those cases with the aforementioned exclu-
sion criteria (Table 2).1,2,4,6,7,9–14,18–20,23,25–29,31–33,35,39–44,47,49–52,57 
There often was a significant lack of detailed imaging 
description in many of the articles reviewed. Most of the 
articles focused on treatment strategies without providing 
sufficient morphological information.

These aneurysms were more common in women ac-
cording to our literature review. Also generally, patients 
with blister aneurysms were younger than patients with 
berry aneurysms.47

In 12 cases, the first angiogram was negative or incon-
clusive, requiring a second angiogram 3 to 14 days later, 
revealing the presence of an aneurysm or a change in its 
morphological appearance. In all 61 cases, we were able 

to match the aneurysms according to our classification of 
4 subtypes.

illustrative cases
type i: classic blister aneurysm involving part of the wall 
of the ica with a minimal bulge

A 30-year-old man presented with a sudden onset of se-
vere headache. On admission he was Hunt and Hess Grade 
I. His initial CT scan was normal. A lumbar puncture was 
suggestive of subarachnoid hemorrhage. Cerebral catheter 
angiography revealed a 2-mm bulge on the anteromedial 
wall of the ophthalmic segment of the right ICA, consis-
tent with a Type I blister aneurysm (Fig. 2A). A right fron-
totemporal craniotomy was performed to approach the 
blister aneurysm. From the beginning of the surgery, strat-
egies were undertaken to relax the brain parenchyma to 
minimize brain retraction throughout surgery. After open-
ing the dura, dissection was begun by opening the superfi-
cial sylvian fissure distal to proximal. The frontal lobe was 
gently raised to enable exposure of the chiasmatic cistern. 
The opening of the sylvian fissure was then continued up 
to the carotid cistern. Afterward, the arachnoid covering 
the chiasmatic and the carotid cisterns was opened. At this 
point, the bulge protruding from the anterior wall of the 
supraclinoid carotid segment was clearly visible. The an-
eurysm wall was very thin as whirls of blood could be seen 
through it. Part of the bulging wall appeared to contain 
a hemorrhage within it. This intraoperative observation 

table 2. review of radiologically documented blister aneurysms in the literature (1996–2013) (continued)

Authors & Year
No. of  

Patients/Total

Epidemiology Morphology

Sex Age Location
First Angiogram 

Negative Type

Baskaya et al., 2008 2/4 M 23 Anteromedial II
 M 57 Anterior IV
Doorenbosch et al., 2008 1 F 44 Medial II
Korja et al., 2008 2/2 M 48 Anteromedial I

F 54 Anteromedial Yes I
Meling et al., 2008 1/14 M 47 Medial I
Park et al., 2008 1/2 F 56 Anteromedial Yes I
Tekkök et al., 2008 1 M 43 Medial II
Park et al., 2007 1/7 F 31 Dorsal Yes I
Kim et al., 2007 1 F 57 Anteromedial III
Joo et al., 2006 1 M 30 Anteromedial II
Kim et al., 2006 1 F 42 Anteromedial Yes I
Islam et al., 2004 1 M 43 Medial IV
Tanoue et al., 2004 1 F 63 Anteromedial I
Pelz et al., 2003 2/2 F 34 Anteromedial I
 M 24 Anterior I
Wrobel et al., 2000 1 — 46 Anteromedial I
Charbel et al., 1999 2/2 M 54 Anteromedial IV

F 48 Medial I
Abe et al., 1998 2/6 M 56 Anteromedial I

M 43 Anteromedial I

? = uncertain classification.
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confirmed the Type I morphology suggested by the an-
giogram. The arachnoid strings around the carotid artery 
and the aneurysm were cut with microscissors, taking care 
not to put any traction on the aneurysm. The perforators 
arising from the involved carotid segment were protected 
throughout the dissection. At this point, temporary clips 
were applied to the parent vessel, proximally to the aneu-
rysm and distally to the ophthalmic segment of the ICA, 
to ensure decompression of the carotid and to complete 
the aneurysmal dissection. A right-angle titanium clip was 
applied parallel to the carotid, deliberately including a part 
of the healthy wall, causing a small stenosis of the parent 
artery. The temporary clips were removed. The Doppler 
ultrasonography probe showed excellent blood flow in the 
carotid, distally to the clipped aneurysm. The anesthesi-
ologist was then asked to raise the blood pressure to 150 
mm Hg systolic to ensure the stability of the clip. No hem-
orrhage or clip slippage was observed (Video 1).

video 1. Clip showing identification and treatment of a Type I 
blister aneurysm. Copyright Michel W. Bojanowski. Published with 
permission. Click here to view with Media Player. Click here to view 
with Quicktime.
Following surgery, the patient was neurologically in-

tact. A CT scan showed no ischemic lesion. Postoperative 
angiography performed 8 days following subarachnoid 
hemorrhage showed complete exclusion of the blister an-
eurysm with mild stenosis of the right ICA (Fig. 2B).

type ii: berry-like blister aneurysm also involving a part of 
the ica wall (but with a sac having a large neck)

A 35-year-old woman was admitted after a subarach-
noid hemorrhage (Hunt and Hess Grade II), confirmed by 

a head CT scan. Catheter angiography revealed a blister 
aneurysm on the anteromedial wall of the ICA consistent 
with a Type II blister aneurysm (Fig. 3A). Through a fron-
totemporal craniotomy the aneurysm was exposed with 
the aforementioned precautions. The Type II morphology 
of the blister aneurysm was clearly noted, in agreement 
with the angiographic appearance. The aneurysm was 
clipped using a right-angle clip applied parallel to the ICA 
and incorporating part of its healthy wall (Video 2). 

video 2. Clip showing identification and treatment of a Type II 
blister aneurysm. Copyright Michel W. Bojanowski. Published with 
permission. Click here to view with Media Player. Click here to view 
with Quicktime.

As in the previous case, the stability of the clip and the 
blood flow were assessed prior to closure.

The patient’s postoperative course was uneventful. The 
postoperative catheter angiography confirmed complete 
exclusion of the aneurysm and the patency of the ICA 
(Fig. 3B).

type iii: longitudinal blister aneurysm involving a large 
longitudinal portion of the ica wall, longer than the 
diameter of the ica, with both an enlargement of the ica 
and an overlying or an adjacent sac

A 47-year-old woman presented with a Hunt and Hess 

Fig. 1. Artist’s illustration representing the 4 types of blister aneurysms: 
Type I, classic, with minimal bulge; Type II, berry-like, with large neck; 
Type III, longitudinal; and Type IV, circumferential, with involvement of a 
large portion of the ICA wall. Copyright Michel W. Bojanowski. Published 
with permission.

Fig. 3. Digital subtraction angiograms of a Type II blister aneurysm, 
with a hypoplastic anterior cerebral artery (not visible).  a: Image show-
ing the aneurysmal sac localized distal to the posterior communicating 
artery and pointing in the opposite direction.  b: Postoperative control 
image showing exclusion of the aneurysmal sac.

Fig. 2. Digital subtraction angiograms of a right-sided Type I blister an-
eurysm.  a: Preoperative oblique view showing a minimal bulge on the 
dorsal wall of the ICA.  b: Postoperative control image showing exclu-
sion of the bulge.
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Grade II subarachnoid hemorrhage. Catheter angiography 
on admission was interpreted as normal. The examination 
was repeated 8 days later and revealed an enlargement of 
the posterior communicating segment of the ICA associ-
ated with a sac consistent with a Type III blister aneurysm 
(Fig. 4A). After exposure of the aneurysm using the tech-
nique already described, the aneurysm was clipped us-
ing 2 tandem clips incorporating part of the healthy wall 
(Video 3). 

video 3. Clip showing identification and treatment of a Type III 
blister aneurysm. Copyright Michel W. Bojanowski. Published with 
permission. Click here to view with Media Player. Click here to view 
with Quicktime.

As usual, the stability of the clip and the blood flow are 
assessed prior to closure. As in the previous cases, micro-
surgical viewing confirmed what was already noted on 
angiography.

Postoperatively, the patient awoke neurologically intact 
and the postoperative catheter angiography revealed com-
plete exclusion of the aneurysm without significant steno-
sis of the ICA (Fig. 4B).

type iv: circumferential blister aneurysm involving a 
significant portion or the entire circumference of the ICA

A 47-year-old man was admitted after sudden onset of 
severe headache due to a subarachnoid hemorrhage (Hunt 
and Hess Grade II). The digital subtraction angiogram 
revealed a complex aneurysm arising at the anteromedial 
wall of the ICA, consistent with a blister aneurysm (Fig. 
5A). Exposure of the aneurysm revealed that a significant 
circumference of the ICA was involved, precluding com-
plete clipping of the aneurysm without compromising the 
flow of the ICA. A clipping-over-wrapping technique was 
used without impairing the flow in the ICA or in its perfo-
rators (Video 4; Fig. 5C). 

video 4. Clip showing identification and treatment of a Type IV 
blister aneurysm. Copyright Michel W. Bojanowski. Published with 
permission. Click here to view with Media Player. Click here to view 
with Quicktime.

Paying particular attention to the angiogram may suggest 
that a significant part of the arterial circumference is in-
volved.

The patient was discharged 6 days after surgery with-
out any new neurological deficits. Postoperative digital 
subtraction angiography revealed exclusion of the saccular 
component of the aneurysm (Fig. 5B).

Intraoperative photographs after clip placement in each 
type of blister aneurysm are shown in Fig. 6.

discussion
Blister aneurysms are treacherous lesions because they 

are particularly difficult to treat. Complications affecting 
the outcome often arise during treatment itself. Although 
all patients in our small series obtained a good outcome, 
the literature reports a significantly high rate of mortality 
and morbidity, regardless of whether treatment was sur-
gical or endovascular.1,28,38,46,48 These complications are 
mainly due to the fragile wall of the aneurysm, which can 
involve a significant part of the main vessel.

Although generally speaking, location and morphol-

ogy (including size) are important factors when consider-
ing surgery, because this study of blister aneurysms only 
addresses those located on the ICA, morphology consti-
tutes the main consideration regarding the risk of treat-
ment. Blister aneurysms are known to be heterogeneous, 
thus presenting a broad spectrum of morphology,34 yet the 
literature groups all of these aneurysms together. To dif-
ferentiate between them, it seems logical to classify them 
according to their morphology and thus ascertain whether 
different types of blister aneurysms present different pit-
falls, which would require different treatment strategies.

By examining the imaging in all 71 cases (61 from the 
literature and 10 from our series), we were able to classify 
all of them into the 4 distinct groups described above (Ta-
ble 2). This is not surprising, because this morphological 
classification considers whether the aneurysm involves all 
or part of the wall, and in the case of a partial involvement, 
it considers its size and length. These 4 subtypes may at 
times be stages in the evolutionary process, as observed 
regularly in the clinical setting.10,29,49 In fact, blister aneu-
rysms are easily missed on the first angiography, where 
sometimes a questionable bulge can be retrospectively 
identified. In such cases, a second angiography performed 
3 to 14 days later reveals their rapid evolution, making the 
diagnosis obvious (Table 2) and adding evidence that one 
may be involved with a continuum.

While recognizing that no classification system is un-
questionably all encompassing, especially when it concerns 
a continuum in a disease process, this simple classification 
should nevertheless enable most, if not all, blister aneu-
rysms to be readily defined. Perhaps future observation 
may expand this classification to include other character-
istics that we have not yet encountered, such as multiple 
lesions.

Although in most cases the angiogram adequately re-
veals the morphology of the aneurysm, what is not read-
ily visible is the state of the surrounding arterial tissue of 
the ICA. Consequently, some Type IV aneurysms may not 
be recognized as such. Of course, a better analysis of 3D 
angiography, and future improvements in imaging of the 
arterial wall, will lead to better preoperative reliance on 
this classification.

In our series the retrospective analysis of the angio-
grams revealed that in each case the angiogram correctly 

Fig. 4. Digital subtraction angiograms of a left-sided Type III blister 
aneurysm.  a: Preoperative image demonstrating a sac involving a long 
portion of the ICA.  b: Postoperative control image after tandem clip 
placement.
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identified the type of blister aneurysm, which was con-
firmed upon microsurgical viewing. Nevertheless, given 
the limited number of cases in this series, more studies 
are needed to confirm the predictive value of the angio-
gram. Even so, this classification is useful for the clipping 
strategy with these types of aneurysms. In effect, intraop-
erative recognition of each type may allow us to approach 
these very fragile aneurysms more readily and more con-
sistently, with the goal of improving prognosis. Therefore, 
it is mainly during surgery that this classification becomes 
most useful.

The rationale behind this classification is based on the 
particular pitfalls that may arise during surgery. Recogniz-
ing the particular type of aneurysm we are treating may 
help to evaluate its relationship to the surrounding struc-
tures. Moreover, the authors wish to emphasize that during 
surgical clip placement, the moment of clipping itself is 
most critical to the outcome. In fact, including too much of 
the healthy ICA wall in the clip may lead to stroke, where-
as insufficient inclusion may result in intraoperative or im-
mediate postoperative hemorrhage. Because the aneurys-
mal morphology determines the clip placement technique, 
it is important to distinguish the various subgroups, each 
of which requires a different clipping technique.

Regarding the surgical techniques and the pitfalls re-
lated to different types of blister aneurysms, there are 
general principles to be respected that apply to all blister 
aneurysms, and in addition there are type-specific clipping 
techniques.

general principles
Blister aneurysms arise at a nonbranching site of the 

supraclinoid segment of the ICA, most often in its ante-
rior wall.28,38 As such, they arise at or close to the level of 
the posterior communicating artery.22 Because these an-
eurysms arise on the anterior wall of the ICA, they point 
toward the orbital cortex. Any retraction of the frontal lobe 
to access the carotid proximal to the aneurysm could lead 
to tearing of the aneurysm, before any adequate exposure 
is obtained. Although adherence of the aneurysm to the 

frontal lobe is less likely for a Type I, which is a small 
bulge of the ICA, the possibility of tearing is certainly true 
for the other 3 types. One possible way of getting early 
proximal control without retraction is exposure of the ca-
rotid artery in the neck, which was the case for 1 patient in 
our own series. The exposure of the carotid artery in the 
neck is also important when the aneurysm extends very 
close to the distal ring of the ICA. In such situations, an an-
terior clinoidectomy might be necessary. Even so, the in-
tracranial carotid artery should be approached with mini-
mal brain retraction. To achieve this, we begin by opening 
the sylvian fissure from distal to proximal, and while ap-
proaching the supraclinoid carotid artery, the dissection is 
pursued on the lateral aspect of the carotid. This technique 
is contrary to the approach used for most berry aneurysms, 
which are found on the lateral side of the carotid artery. 
Nevertheless, one must still be aware of the possibility that 

Fig. 6. Intraoperative images of clipped blister aneurysms according to 
type: Type I, classic (a); Type II, berry-like (b); Type III, longitudinal (c); 
and Type IV, circumferential (d).

Fig. 5. Digital subtraction angiograms of a left-sided Type IV blister aneurysm.  a: Preoperative image showing the aneurysmal 
sac and dilation of the ICA.  b: Postoperative control image, frontal view, showing exclusion of the aneurysmal sac.  c: Postopera-
tive control image, oblique view, showing the position of the clip parallel to the ICA.
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the dome may point toward the temporal lobe, as was the 
case in 1 of our patients. Obviously, in cases in which the 
aneurysm is facing the temporal lobe, the dissection oc-
curs on the medial side of the ICA.

As in the surgical treatment of all aneurysms, brain 
relaxation is paramount. Apart from standard medical 
measures, depending on the severity of the subarachnoid 
hemorrhage, a ventriculostomy might be necessary, and 
the size of the craniotomy may vary. Exposure of the an-
eurysm itself and lysis of the arachnoid bands surrounding 
it is performed sharply and, when judged necessary, using 
a temporary clip on the proximal carotid artery. We do not 
perform subpial dissection.

clipping techniques
Because of the extremely fragile nature of blister an-

eurysms, clip placement must be performed using a tem-
porary clip on the proximal ICA to reduce intraluminal 
pressure. In all cases, whenever possible, the clip must be 
applied with careful placement of the blades parallel to the 
parent artery.

Determining the type, preferably before or (if not pos-
sible) during the surgery, helps to choose the appropriate 
clip and clip placement technique to avoid unnecessary 
manipulation through trial and error of these very fragile 
aneurysms.

For Types I–III, a portion of the healthy wall must be 
included in the clip to avoid a rupture by clipping only 
the pathologically very thin wall of the lesion. Particular 
attention must be given to ensure that blood flow is not 
compromised by a significant stenosis. We assess this us-
ing a Doppler ultrasonography probe. The stability of the 
clip must be assessed by raising the blood pressure.

In both Types I and II, a right-angle clip is applied, in-
cluding a portion of the healthy arterial wall. The reason 
why these 2 blister aneurysms are nevertheless distinct 
types in our classification system is to emphasize that even 
if Type II may look like a classic and more frequently oc-
curring berry aneurysm, it is still a blister aneurysm and a 
portion of the healthy wall must be included in the clip. In 
addition, although the approach is the same for both Types 
I and II, one must anticipate the possibility that a Type II 
aneurysm may be adherent to the frontal lobe.

Type III lesions are potentially more challenging. This 
type is distinct from the previous 2 because it requires 
an arterial reconstruction due to the fact that it involves a 
much longer portion of the parent artery, longer than the 
diameter of the ICA. Consequently it may be more at risk 
for rupture or of ischemia during clip placement. Because 
a longer portion of the carotid artery is involved, clipping 
requires the use of tandem clips, while also incorporating 
part of the healthy wall.

For Type IV, the wrapping reinforces and protects the 
diseased arterial wall. In Type IV lesions, which requires 
the clipping-over-wrapping technique in which more ma-
nipulation is expected, one must be careful to avoid rup-
ture. While wrapping, particular care must be taken to not 
injure the branches and perforators of the carotid artery. 
Also, during the clipping over the wrapping, blood flow in 
the carotid must not be compromised.

The detailed techniques described herein are those used 

by the senior author, who by no means suggests that they 
are the only way to proceed. The authors believe that when 
considering direct clip placement, referring to this classi-
fication may help to anticipate specific pitfalls and to plan 
appropriate surgical strategies.

Whichever clipping technique is used, it should address 
not only the hemispheric bulge, but also the affected ICA 
wall. For this reason, whenever possible, the authors pre-
fer to include a portion of the healthy wall while clipping 
the blister aneurysm. Wrapping alone, without clipping the 
aneurysm, does not protect against bleeding. Although ap-
propriate for Type IV aneurysms, which involve most if 
not all the wall of the ICA, indiscriminate clipping over 
wrapping may be potentially harmful. In effect, certainly 
for Types I and II, the wrapping material may prevent one 
from seeing the limit of the normal wall and thus impede 
proper clip placement. However, for some Type III blis-
ter aneurysms, where the long pathological segment of the 
wall curves under the hidden side of the ICA, clipping over 
wrapping may be the best choice.

Due to the significantly high mortality and morbidity 
rate following direct clip placement reported in the litera-
ture,20 occlusion of the parent artery and trapping of the 
aneurysm, with or without bypass, have been proposed by 
some authors.16,21,22,47,55 However, occlusion of a major ves-
sel in an acute stage following subarachnoid hemorrhage 
is associated with poor prognosis.33 Also, a balloon test 
occlusion may be difficult to assess when the patient is 
suffering from the neurological effects of a ruptured an-
eurysm. As for endovascular techniques, coil emboliza-
tion of blister aneurysms also remains problematic and 
not suitable because of its associated risk of rupture and 
ischemia.29,42 The use of flow diversion devices, such as 
the Pipeline (Covidien) and SILK (Balt Extrusion) de-
vices, has been deemed a technically safe and feasible al-
ternative.3,5,8,15,26,37,56 However, the aneurysm is not always 
immediately occluded, leading to the potential risk of re-
bleeding.5,26,56 Moreover, the use of such devices requires 
the administration of antiplatelets, which may complicate 
the management of hydrocephalus.5,26,56

Apart from having a concise repertoire of clip place-
ment techniques corresponding to the types of blister an-
eurysms when opting for surgery, there is another reason 
why classifying them into distinct types may be of value. 
At the present time all these lesions are presented in the 
same category. Our observations of various morphologi-
cal subgroups of these heterogeneous lesions may lead 
us to better predict which lesions pose a greater risk of 
treatment. The proposed classification system is also an 
attempt to eventually offer a prognostic tool that may, in 
the future, help in choosing among alternative treatments.

conclusions
Blister aneurysms, which are heterogeneous, may be 

divided into 4 distinct morphological types, each of which 
present different pitfalls and require different surgical 
techniques. These 4 types may be considered progressive 
stages in a continuum of morphological changes. In the 
future, this classification may help to isolate the various 
factors involved in prognosis.
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