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SHORT COMMUNICATION

Paediatric Intracranial Aneurysms

Dětská intrakraniální aneuryzmata

Abstract
Aims and background: The aim of this paper is to discuss the anatomical and clinical fea-
tures of paediatric aneurysms and present our experience in their treatment, including that 
of long-term outcome. Methods: Eleven paediatric patients with a total of 13 intracranial 
aneurysms were included in the study. The clinical data were retrospectively analysed from 
patient charts and imaging studies. The treatment strategy selected was evaluated. The re-
sultant outcome was graded according to Rankin score during a follow-up ranging from 
0 to 144 months. Results: In seven patients the aneurysms were considered inoperable or 
the risk associated with surgery was too high, and therefore endovascular treatment was 
preferred. Three patients were treated primarily surgically. One patient in deep coma follow-
ing SAH was treated conservatively and died 24 hours after the bleed. Clinical improvement 
followed treatment in five patients who presented with a focal neurological deficit and an 
absence of SAH, so they were all ranked as Rankin 1. Four patients presenting with SAH 
were graded HH 1 to 3. In only one case did the focal neurological deficit improve, enabling 
the patient to be ranked as Rankin 1. Neurological deficit persisted in the remaining three 
patients, particularly in psychological terms, leading to grades of Rankin 2 to 3. Conclusion: 
The decision to perform endovascular or surgical treatment is based on location, aneurysm 
size, presence of intracerebral haematoma and overall patient condition. A multidisciplinary 
approach is recommended.

Souhrn
Cíle a předpoklady: Cílem sdělení je rozbor anatomických a klinických charakteristik dětských 
aneuryzmat a prezentace našich zkušeností s jejich léčbou včetně dlouhodobých výsledků. 
Metody: Do studie jsme zahrnuli 11 dětských pacientů s 13 intrakraniálními aneuryzmaty. 
Retrospektivně jsme analyzovali klinická data z chorobopisů a rentgenových snímků. Vyhod-
nocovali jsme výběr léčebné strategie. Výsledný outcome jsme hodnotili podle Rankinova 
skóre v období 0–144 měsíců. Výsledky: U sedmi pacientů jsme aneuryzma vyhodnotili jako 
inoperabilní nebo vysoce rizikové pro chirurgický výkon. U těchto pacientů jsme preferovali 
endovaskulární léčbu. U tří pacientů jsme primárně indikovali chirurgickou léčbu. Jednoho 
pacienta v hlubokém komatu po SAK jsme léčili konzervativně, který zemřel do 24 hodin po 
krvácení. U pěti pacientů, kteří se klinicky prezentovali fokálním neurologickým deficitem 
bez SAK došlo po léčbě ke zlepšení a všichni při hodnocení dosáhli Rankin skóre 1. U čtyřech 
pacientů po SAK byl hodnocen klinický stav HH 1 až 3. Pouze u jednoho pacienta se zlepšil 
neurologický deficit a pacientův outcome dosáhl Rankin skóre 1. U zbývajících tří pacientů 
neurologický deficit, zvláště v oblasti psychiky, přetrvával i po léčbě a při hodnocení výsled-
ného stavu dosáhli Rankin skóre 2 až 3. Závěr: Rozhodnutí o volbě endovaskulární nebo chi-
rurgické léčby je založeno na lokalizaci, velikosti aneuryzmatu, přítomnosti intracerebrálního 
hematomu a celkovém stavu pacienta. Při volbě typu léčby je doporučen multidisciplinární 
přístup.
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Introduction
With an incidence of less than 5% of all 
diagnosed intracranial aneurysms, paedi-
atric intracranial aneurysms are rare 
[1–4]. In children it is almost certain that 
haemodynamic factors and vessel wall 
degeneration, i.e. hypertension, vascular 
disease, alcohol and tobacco use, do not 
play as significant a role in the pathoge-
nesis of intracranial aneurysms as they 
do in adults. These factors are virtually 
absent in children, and it is therefore as-
sumed that congenital factors play a do-
minant role, something that may also go 
some way towards explaining the diff-
erences in their localization, size, clini-
cal presentation and tendency to rup-
ture [1]. Paediatric aneurysms show 
a higher incidence of unusual positions, 
such as the posterior circulation, carotid 
bifurcation or periphery, as well as a gre-
ater incidence of giant aneurysms [1,4–
7,10]. Additionally, intracranial ane-
urysms in children have a significantly 
higher incidence of cases presenting wi-
thout subarachnoid haemorrhage (SAH) 
and thus have a more favourable out-

come compared to those occurring in 
adults [1,10,11].

The final treatment strategy depends on 
the individual characteristics of both the 
child patient and the aneurysm itself. Ex-
perience with either surgical or endovas-
cular treatment certainly lends some bias 
to such a decision. The aim of this paper is 
to discuss the anatomical and clinical fea-
tures of paediatric aneurysms and present 
our experience in their treatment, inclu-
ding long-term outcome.

Methods
A total of 11 paediatric patients (less 
than 18 years of age), with a total of 
13 intracranial aneurysms, hospitalized 
at our neurosurgical unit between 1994 
and 2008 were included in the study. 
Patients with mycotic aneurysms and 
AVMs were excluded. The average age 
at time of presentation was 14.3 years, 
ranging from 9 to17 years (Tables 1, 2). 
The clinical data was retrospectively 
analysed from patient charts and ima-
ging studies. Basic factors such as sex, 
age and year of treatment were analy-

sed. From a clinical perspective, we then 
judged aetiology and neurological pre-
sentation as WFNS and Hunt-Hess (HH) 
scores. The imaging studies were ana-
lysed to quantify the extent of SAH as 
Fisher scores, while any presence of in-
tracerebral haematoma or thrombus 
formation in the aneurysm was also 
noted. Each individual aneurysm was 
evaluated in terms of locality, size and 
shape. The chosen treatment strategy 
was re-evaluated. The resulting out-
come was graded according to Rankin 
score during a follow-up ranging from 
0 to144 months [12]. Foreign nationa-
lity limited the length of follow-up in 
five patients.

Results
Aetiology, position and size
Eleven patients with a total of 13 ane-
urysms were included in the study. One 
patient (No. 10) had three aneurysms 
(Table 1). Two patients (No. 1, 4) had inci-
dental giant ICA aneurysms proven to be 
traumatic in origin; aetiology in the rema-
ining patients the remains unknown. Six 

Table 1. Clinical and anatomical features of paediatric aneurysms.

Pt Sex Age Neurological Presentation WFNS HH
Throm-

bus
Location Size Shape

1 M 16
trauma, after 4 weeks im-
provement of bulbous 
protrusion

1 0 no R-ICA C4 25 × 15 giant

2 F 17
transient loss of conscious-
ness, headache, vomiting

3 2 no R-ICA C2 4 × 4 saccular, wide neck

3 M 8
hemiparesis due to basal 
ganglia ischemia

3 3 yes R-MCA M1 25 × 25
giant, perforating arteries 
arising from the neck

4 M 16
trauma, after 4 weeks, CN VI 
palsy, diplopia

1 0 no R-ICA C3-4 18 × 15 saccular, wide neck

5 F 9
vomiting, weight loss, CN III 
palsy

1 0 yes basilar tip 19 × 15
saccular, PCA, arising from 
sac

6 F 16
transient loss of conscious-
ness, headache, vomiting

2 1 yes R-PICA 13 × 5 fusiform, dissected

7 M 12
incidental finding, intermit-
tent headache

1 0 yes L-MCA M3 15 × 7
growing fusiform dilatation, 
dissected

8 F 13
attack of migraine, with 
short transient hemiparesis

3 0 no L-MCA M2 15 × 10
fusiform, wide neck, MCA 
arising from sac

9 M 13
1. SAH, DSA neg.
2. SAH, deep coma

1
5

1
5

no
no

L-MCA M2-3 2 × 2 saccular

10 M 17
headache, vomiting, menin-
geal syndrome

2 2 no
R-ACA -bleed,
R-MCA M2,

L-aoftal

7 × 7
3 × 2
4 × 2

AComA (bilobed)
MCA – saccular,
aoftal – saccular

11 F 17
sudden deep coma, hae-
matocephalus, malignant 
oedema

5 5 no L-MCA M1 9 × 8 saccular
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patients (No. 3, 7, 8, 9, 10, 11) had ane-
urysms located in the bifurcation of the 
MCA.

In four patients (No. 1, 2, 4, 10) the 
aneurysm was located on the ICA. Signi-
ficantly fewer patients (No. 5, 6) had pos-

terior circulation aneurysms and only one 
patient (No. 1) had an AcomA aneurysm 
(Fig. 1). In seven patients, i.e. 54%, the 
aneurysm was greater than 1 cm in size 
and in two cases (No.1, 3) the aneurysms 
were classified as giant.

Clinical presentation and imaging 
characteristics
Five patients (No. 1, 4, 5, 7, 8) presen-
ted without subarachnoid haemorrhage 
(HH = 0). Four of these cases were dia-
gnosed in the light of neurological defi-

Table 2. Treatment and clinical outcome of paediatric aneurysms.

Pt
Treatment I 
(year)

AG after 
treatment

MRAG check-up I 
(month)

MRAG check-up II 
(month)

Treat-
ment II 
(month)

Neurologi-
cal outcome 
(month)

Rankin 
(month)

1

endovascular – 
balloon oblitera-
tion of ICA with 
aneurysm (1994)

total oblitera-
tion ACI with 
aneurysm

total obliteration ACI 
with aneurysm, no ische-
mia (60 M)

no no

normal, regres-
sion of bul-
bous protrusion 
(60 M)

0 (60 M)

2

endovascular – 
balloon oblitera-
tion of ACI and 
aneurysm (1997)

total oblitera-
tion ACI with 
aneurysm

total obliteration ACI 
with aneurysm, no ische-
mia (12 M)

5 new aneurysms – 
2 bleed (144 M)

aneurysms 
AcoA clip-
ped, PICA 
coils, 3 
observed 
(144 M)

normal – tran-
sient orga-
nic psychosyn-
drome (144 M)

1 (144M)

3

endovascular – 
coils, repeated 
additional coi-
ling (2003)

subtotal oblitera-
tion of aneurysms, 
perforators from 
neck patent

compact of coils (24 M)
total obliteration and 
shrinking of ane-
urysm (60 M)

repeated 
endovas-
cular coils 
(24 M)

persisting very 
slight hemipa-
resis (24 M)

1 (24 M)

4

endovascu-
lar – stent graft 
+ stent + coils 
(2003)

total obliteration 
of aneurysm, stent 
patent

MR contraindicated be-
cause of steel stent, UZ 
stent patent, X-ray re-
traction coils (60 M)

no no
normal, regres-
sion of diplopia 
(60 M)

0 (60 M)

5
endovascular – 
hydrogel coils 
(2005)

subtotal oblitera-
tion of aneurysms, 
PCA from neck 
patent

total obliteration of ane-
urysms, PCA patent 
(12 M)

total obliteration of 
aneurysms, PCA pa-
tent (48 M)

no

persisting CN 
III palsy, orga-
nic psychosyn-
drome  (48 M)

2 (48 M)

6
endovascular –
stent + coils 
(2007)

total obliteration 
of aneurysm, distal 
PICA patent

total obliteration of ane-
urysm, ischemia PICA 13 
× 5 mm (1 M)

total obliteration of 
aneurysm, regression 
of ischemia 
PICA 2 × 2 mm (24 M)

no normal (24 M) 0 (24 M)

7

balloon Matas 
and Brietal test 
negative 
endovascular – 
coils (2008)

total obliteration 
of aneurysm with 
MCA M3

obliteration of aneurysm 
and MCA M3, no ische-
mia (12 M)

obliteration of ane-
urysm and MCA M3 
(48 M)

no normal (48 M) 0 (48 M)

8
neurosurgical – 
wrapped (2006)

no
no growth of aneurysm 
(12M)

no growth of ane-
urysm (24, 48 M)

no normal (48 M) 0 (48 M)

9

neurosurgical – 
clipped + eva-
cuation of ICH 
(2006)

no no
aneurysm clipped, 
posthaemoragic cyst

no

wheelchair, he-
miparesis, pha-
tic disorders 
(48 M)

4 (48 M)

10

neurosurgical – 
clipped of 
ACoA + MCA 
(2001)

no
both clipped aneurysms 
closed, aneurysm
a. oftal. persist (12 M)

total obliteration of 
aneurysm a. ophth., 
stent patent (48 M)

endovasc. 
stent + 
coils
a.ophtal.
(12 M)

transient orga-
nic psychosyn-
drome (48 M)

2 (48 M)

11
conservative 
(2003)

no no no no
died within 24 
hours prior to 
any treatment

6 (0 M)

H&H – Hunt and Hess modified by Yasargil; CN – cranial nerve; SAH – subarachnoid haemorrhage; ICH – intracerebral haematoma; 
ICA – internal carotid artery; MCA – middle cerebral artery; PCA – posterior cerebral artery; PICA – posterior inferior cerebellar artery; 
ACoA – anterior communicating artery; OftalA – ophthalmic artery
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cit caused by the mass effect of the ane-
urysm; in one patient (No. 7), the only 
manifestation was headache. The rema-
ining six patients (No. 2, 3, 6, 9, 10, 11) 
did present with SAH, ranging in seve-
rity from transient headache to coma 
with decerebration rigidity. WFNS bet-
ter characterizes patients in terms of 
consciousness and motor function, but 
in most cases it was in agreement with 
HH scores. One patient (No. 8) without 
SAH developed transient hemiparesis 
and speech difficulty secondary to severe 
migraine (WFNS = 3). The Fisher scale, 
which characterizes the amount of SAH 
clotting on the basis of CT, correlated 
well to WFNS, especially in the patients 
in serious clinical condition (No. 9, 11), in 
whom an intracerebral haematoma was 
present. Thrombi were found to be pre-
sent in the aneurysms of four patients 
(No. 3, 5, 6, 7) and in most cases did not 
affect the clinical course, except in one 
patient (No. 3), in whom it led to ische-
mia in the basal ganglia.

Treatment strategy
The optimum type of treatment of child 
aneurysm patient depends on many fac-
tors – as it does in any case of intracra-
nial aneurysm. These patients were hos-
pitalized at our neurosurgical unit and 
the decision as to which type of treat-
ment was most suitable was made by 
the neurosurgeon together with the in-
terventional radiologist. In seven pa-
tients the aneurysms were conside-
red inoperable or the risk associated 
with surgery too high, and therefore 

endovascular treatment was preferred 
(Tables 1, 2).

In two patients (No. 1, 2) endovascular 
treatment was chosen because the ana-
tomical localization of the aneurysm was 
unfavourable, in the cavernous sinus in 
one patient (No. 1) and the lacerous seg-
ment of the ACI in the other (No. 2). Bal-
loon occlusion was performed in both 
patients, which permitted sufficient colla-
teral circulation without neurological de-
terioration. In both cases, a balloon was 
inserted into the sac of the aneurysm with 
another in the area of the neck of ane-
urysm, with sacrifice of the parent artery. 
Follow-up angiography revealed total 
occlusion of the ACI including the ane-
urysm, without neurological deteriora-
tion in both patients (No. 1, 2). Follow-up 
MRAG at 60 months in Patient 1 showed 
total obliteration of the aneurysm with 
flow stopped in the ACI in the area of the 
neck of the aneurysm. Clinically, there 
was an alleviation of focal neurologi-
cal deficit. One month follow-up MRAG 
in Patient 2 showed total obliteration 
of the aneurysm, together with the pa-
rent artery, and no additional aneurysms. 
How ever, 144 months after treatment 
the same patient presented with SAH 
and angio graphy showed five new ane-
urysms. One aneurysm on AcomA was 
surgically clipped, one on PICA treated 
endovascularly and the other three smal-
ler aneurysms are still being followed up.

In the other five patients treated endo-
vascularly (No. 3, 4, 5, 6, 7), a reconstruc-
tive procedure was performed. In four 
cases (No. 3, 4, 6, 7) the aneurysm was 
simply coiled and in one case (No. 4), the 
coiling of the aneurysm was combined 
with a stent.

Endovascular treatment was preferred 
to surgical treatment in these five pati-
ents for the following reasons: Patient 3 
had a partially thrombotized giant MCA 
M1 aneurysm with perforators leaving 
the neck (coiled with conserved patency 
of the perforators), Patient 4 had a large, 
traumatic, broad-necked ACI aneurysm 
(coiled in combination with a stent due 
to instability of coils), Patient 5 was 
a case of large, partially thrombotized 
basilar tip aneurysm with the PCA lea-
ving the neck (obliterated with coils and 
conserved patency of the PCA). Patient 6 
had a ruptured fusiform aneurysm of the 
medullary segment of the PICA (oblite-

rated with coils and with conserved pa-
tency of PICA distally to the aneurysm). 
Patient 7 was referred for endovascular 
treatment due to a growing fusiform dis-
secting aneurysm on the MCA M3 (obli-
terated together with the parent artery 
following a negative balloon occlusion 
and Brietal test with no neurological 
sequelae).

A total of three patients (No. 8, 9, 10) 
were treated primarily surgically. The first 
patient (No. 8) had an unruptured fusi-
form MCA M2 aneurysm with a broad 
neck and a branch of the MCA leaving 
the sac of the aneurysm. An unfavourable 
configuration of the aneurysm prevented 
its being treated endovascularly, and nei-
ther could it be safely clipped, so it was 
wrapped.

Yearly MRAG follow-ups have not re-
vealed any progression in the size of the 
aneurysm. The second surgically-trea-
ted patient (No. 9) presented with SAH, 
in good clinical condition, in which an-
giography did not reveal the source of 
bleeding. Three weeks later there was 
a recurrence of SAH with intracerebral 
haematoma and this time the patient 
was in poor clinical condition. Angiogra-
phy revealed a small saccular aneurysm 
at MCA M2, which had not been visu-
alized the first time due to vasospasm. 
The aneurysm was clipped emergently, 
but the patient remained in a vegetative 
state. The last surgically-treated patient 
(No. 10) had three saccular aneurysms. 
A ruptured AcomA aneurysm was clip-
ped, as well as an ipsilateral coinciden-
tal MCA M2 aneurysm. A contralate-
ral coincidental ophthalmic aneurysm 
with a broad neck was treated endo-
vascularly 12 months later at the pa-
rent´s request. This was done in combi-
nation with a stent, since the neck of the 
aneurysm was broad. Follow-up MRAG 
after 48 months showed obliteration of 
all three aneurysms and patency of the 
stent. One patient (No. 11), in deep coma 
following SAH, was treated conservati-
vely and died 24 hours after the bleed.

Follow-up and outcome
The aim of both surgical and endovas-
cular treatment of intracranial ane-
uryms is obliteration of the lumen and 
thereby prevention of destructive hae-
morrhage. The final clinical outcome 
largely depends on the damage caused 

1

1

5

6

Fig. 1. Stratification of paediatric 
aneurysms by location.
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by the SAH. In none of the above-men-
tioned patients was there clinical de-
terioration as a consequence of active 
treatment.

Clinical improvement was evident 
following treatment in five patients 
(No. 1, 4, 5, 7 ,8) who had presented with 
a focal neurological deficit in the absence 
of SAH, and they were all thus ranked as 
Rankin 1. In only one case (No. 5) a mild 
focal deficit with psychological changes 
persisted and was thus ranked as Ran-
kin 2 (Tables 1, 2).

Four patients (No. 2, 3, 6, 10) pre-
senting with SAH were graded as HH 1 
to 3. In only one case (No. 6) did the 
focal neurological deficit improve ena-
bling the patient to be ranked Ran-
kin 1. In the remaining three patients 
(No. 2, 3, 10) a neurological deficit per-
sisted particularly in terms of psycholo-
gical aspect, leading to rankings of Ran-
kin 2 to 3.

Two patients (No. 9, 11) remained 
in deep coma following SAH (HH = 5). 
One patient died within 24 hours of SAH 
onset (No. 11) and one patient (No. 9) re-
mained in a prolonged poor neurological 
condition after clipping; although there 
has been an improvement in the longer 
term, he remains carer-dependent i.e. 
Rankin 4.

Discussion
Childhood aneurysms differ from those 
in adults age in several ways. Unlike 
those in adults, paediatric intracranial 
aneurysms are not associated with hae-
modynamic factors or vessel wall da-
mage i.e. hypertension, alcohol, tobacco 
use and high fat intake. According to the 
literature, paediatric aneurysms are pre-
dominantly associated with congenital 
systemic connective tissue disorders af-
fecting the vessel wall [1,5,8]. However, 
this aetiology was not observed in our se-
ries. In paediatric aneurysms, traumatic 
aetiology is described at a range of 5%–
35% and up to 35% develop on magist-
ral arteries in the vicinity of the skull base 
[5,8,15–17]. In our series, two traumatic 
aneurysms were confirmed four weeks 
after mild head injury. Patient 6 presen-
ted with a focal neurological deficit due 
to the mass effect of a large aneurysm 
in the petrous segment of the ICA. Pati-
ent 1 presented in the same way due to 
a giant aneurysm in the cavernous seg-

ment of the ICA. Neither had CT signs 
of SAH.

A major difference in comparison with 
adult aneurysms is the juvenile predi-
lection to occur in localities such as the 
ICA, MCA, the posterior circulation and 
the periphery [1,5,7,10]. Paediatric ane-
urysms have been described as occur-
ring in the terminal segments of the ICA 
and the MCA at an incidence of 21–39% 
[1,7,10]. In our series, the most com-
mon localities were the MCA (46%) and 
the ICA (31%), while aneurysms on the 
AcomA were rare (one patient).

The incidence of giant aneurysms 
in children varies from 20% to 54% 
[1,6,7,10,18]. Typically, such aneurysms 
occur supratentorially or peripherally, are 
irregular in shape and lack a neck [5]. In 
our series, giant aneurysms were present 
in two patients. One proved to be trau-
matic in origin and both presented with 
focal neurological deficit without SAH. 
Another characteristic of paediatric in-
tracranial aneurysms is their tendency to 
manifest with focal neurological signs in 
the absence of SAH: 19%–65% accor-
ding to the literature [7,9,10]. This was 
the case in five of the 11 patients in our 
series, i.e. 45%.

The treatment strategy is multifactorial 
and the decision as to whether to opt for 
a surgical or endovascular approach de-
pends on good communication between 
the neurosurgeon and the interventional 
radiologist. According to the literature, 
the percentage of endovascularly trea-
ted paediatric aneurysms ranges between 
0% and 62.8% [1,6,7,10,13,14,18,19]. 
Surgical treatment is always suitable if 
technically feasible and the patient is in 
good clinical condition. In cases of MCA 
aneurysms that are surgically treatable, 
this method is to be preferred, However, 
in our series only two of seven such cases 
were treated surgically. In our series seven 
of 11 aneurysms were primarily treated 
endovascularly because the aneurysms 
were considered inoperable in the light of 
their locality, configuration, or size, or the 
complexity of the surgical approach.

Giant aneurysms make up a specific 
subgroup that is difficult to treat either 
surgically or endovascularly. In our series, 
both giant aneurysms were considered 
inoperable.

In the first patient (No. 3) the body 
of the aneurysm MCA was oriented to-

wards the parenchyma with several per-
forators leaving the sac. In the second pa-
tient (No. 1), the aneurysm was located 
in the cavernous sinus and was therefore 
surgically inaccessible. The advantage 
of a clipped aneurysm is that it provides 
a definitive solution, whereas coiled ane-
urysms require follow-up and potentially 
re-embolization in the event of coil im-
paction. In the long term, only one of our 
seven endovascularly treated aneurysms 
(No. 3) required additional coiling due to 
impaction.

Our neurosurgical unit has six years of 
experience in stent usage in the cerebral 
vasculature. Data on stent usage in child 
patients is scarce in the literature. In our 
series, stents were used in two cases of 
broad-necked aneuryms in which there 
was a risk of coil instability within the 
sac of the aneurysm (No. 5, 11). In the 
long-term follow-up, both stents remain 
patent.

In a cooperative study of surgically tre-
ated paediatric intracranial aneurysms 
63.4% of patients had no neurological 
sequelae [9]. In our series, nine patients 
were within Rankin 0–2 in the long term, 
i.e. 82%, and no patient deteriorated as 
a result of treatment. However, the sub-
sequent clinical result is largely due to the 
initial damage arising out of SAH, but the 
plasticity and higher tolerance of the child 
brain to vasospasm partially explains the 
promising results seen in paediatric pati-
ents [1,5].
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