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Abstract
Background: Management of small aneurysms often poses a therapeutic dilemma 
and surgical treatment or coiling can be considered as therapeutic choices. In 
the present study, we reviewed our series of ruptured small cerebral aneurysm 
treated surgically.
Methods: A total of 53 consecutive patients with ruptured small aneurysm were 
surgically treated between January 2008 and July 2014. Data were retrospectively 
collected. Procedure‑related death and complications were systematically 
reviewed. Clinical outcomes were assessed using the Modified Ranking Scale. 
Neuroradiological follow‑up was performed to assess aneurysmal occlusion and 
recanalization rate.
Results: The mean aneurysm size was 2 mm ± 0.8 mm. All the patients were 
operated and the aneurysm clipped. Clinical outcomes were as expected on the 
basis of the presenting Hunt and Hess grade. Overall, major and minor neurological 
deficit related to clipping were 5.2% and 2.2%, respectively. At the time of discharge, 
84.9% of the patients presented with a favorable outcome, while 15.1% had poor 
clinical outcome. Aneurysm occlusion was achieved in all the cases. Neither 
recanalization nor re‑aneurysmal rupture was observed in the clinical follow‑up.
Conclusion: Aneurysms, 3 mm in diameter or smaller, represent a therapeutic 
challenge. Given the proven role of microsurgery in small aneurysms and the 
perceived challenges with endovascular therapy, surgical clipping still can be 
considered an effective treatment modality in this setting.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) from rupture of an 
intracranial aneurysm is a devastating event. Data from 
population‑based studies suggest that the incidence 
rates of cerebral aneurysm vary considerably from 6 to 
16/100,000, with the highest rates reported from Japan 
and Finland.[3,14,17,22] The overall mortality rates from 
32% to 67% with 10–20% of patients with long‑term 
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dependence due to brain damage.[10,13] Twelve percent of 
patients affected by aneurismal SAH die before medical 
treatment and 25% die within 24 h.[4] A further 40–60% 
mortality rate occurs within 30 days.[4]

Outcome depends on a myriad of interrelated factors, 
including the severity of the initial event, rebleeding, 
perioperative medical management, and the timing and 
technical success of aneurysm treatment. Treatment of 
ruptured cerebral aneurysm is the primary concern in 
all patients after SAH. To date, surgical management 
is related to a mortality rate of 2% and approximately 
10% morbidity rate.[1,21,29] Main complications related 
to surgery are bleeding occurrence before, after, or 
during surgical clipping as a result of an intra‑operative 
rupture (IOR), cerebral ischemia induced by temporary 
clip positioning or of parent vessel occlusion, and brain 
damage related to intraoperative retractors use.[1,6,7,9]

Small aneurysms account for 6% of all ruptured 
intracranial aneurysms[28] and their management remains 
challenging. The International Study of Unruptured 
Intracranial Aneurysms (ISUIA)[30] concluded that 
asymptomatic aneurysms <7 mm in diameter in the 
anterior circulation have a minimal provability of rupture. 
Most recently, the Unruptured Cerebral Aneurysm Study 
(UCAS) yielded results similar to the ISUIA.[25] However, 
several investigators have contradicted these studies, 
reporting a higher percentage of small aneurysms among 
their case series of ruptured intracranial aneurysms.[16,27,31] 
This indicates a discrepancy between the ISUIA and 
UCAS data and the size of ruptured aneurysms seen in 
routine clinical practice.

Although the International Subarachnoid Aneurysm Trial 
(ISAT) showed an outcome benefit with endovascular 
coiling compared to surgical clipping,[19] treatment of 
small aneurysms have not been considered given the 
technical problem for the endovascular approach. Coiling 
of small aneurysms is associated with a relatively high risk 
of iatrogenic aneurysm rupture or migration of the coil 
into the parent vessel.[20] The purposes of our study were 
to evaluate safety of clipping procedure for small‑ruptured 
aneurysms in terms of morbidity, mortality and efficiency 
of aneurysm occlusion, recurrence and rebleeding at 
short‑ and long‑term follow‑up.

METHODS

A retrospective chart review was performed of all 
patients who had surgical treatment of an aneurysm 
≤3 mm in diameter between 2008 and 2014. Among 
a cohort of 382 surgically treated aneurysms, a total of 
53 consecutive patients were enrolled. Blister aneurysms 
were not considered in this series since they differ 
both morphologically and histologically from saccular 
aneurysms and likely represent a distinct pathophysiology. 

Medical charts, angiographic studies, magnetic resonance 
imaging (MRI) scans, computed tomographic (CT) and 
CT angiography (CTA) scans were carefully reviewed. 
Patients’ age, sex, Hunt and Hess grades, and aneurysm 
locations were recorded. All diagnoses were confirmed 
on imaging (CTA, MRI angiography and/or digital 
angiography). Morbidity and mortality related to clipping 
were defined as intra‑procedural and/or postoperative 
ischemic or bleeding events. Stroke was defined as a 
new neurological deficit on clinical examination during 
48 h following surgery with a visualization of CT 
hypodensity and/or high signal MRI intensity on apparent 
diffusion coefficient sequences. Patients presenting with 
neurological deficits without modified signal or density 
in neuroradiological exams were considered affected by 
cerebral vasospasm. Bleeding complications were defined 
as a new postoperative hematoma in the aneurysmal 
vascular area or an increasing volume of more than 
one‑third of an intra‑parenchymal hematoma in the next 
12 h after surgery. An independent neuroradiologist and 
neurosurgeon, blinded to the study, revised both clinical 
and radiological records to evaluate causes for ischemic or 
bleeding events and their correlation with surgery.

Procedural complications, epidural/subdural hematomas, 
infections, and postoperative seizures, were also included. 
Clinical outcomes were measured with the Modified 
Rankin Scale and radiological follow‑up by CTA to assess 
aneurysmal occlusion and recanalization rate.

Surgical technique
Surgical treatment was undertaken following the 
diagnosis of cerebral aneurysm, and no later than 
24 h following bleeding. Different surgical approaches 
were used according to aneurysm location. Following 
the intraoperative identification of the aneurysm, 
temporary clips were routinely used in all the cases to 
prevent aneurysm rupture. Accordingly, aneurysm was 
isolated and clipped using miniclip. Lamina terminalis 
was fenestrated in all the cases for hydrocephalus 
prevention.[24] At the end of the procedure, patients 
were monitored in the Neuro Intensive Care Unit and 
nimodipine was administered for cerebral vasospasm. 
Patients returned to neurosurgical unit and discharged 
to home or rehabilitation facility according to their 
functional disabilities.

RESULTS

Patient population
Between January 2008 and July 2014, among a cohort 
of 382 surgically treated aneurysms, 53 consecutive 
patients underwent surgical treatment for ruptured 
small cerebral aneurysm. The mean age of patients 
was 50.4 years (range, 23–77 years). Seventy percent 
of patients were women (n = 37) and 30% were men 
(n = 16). The mean Hunt and Hess grade at the time 
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of admission was 2 (range, 2–4) and the mean Fisher 
score was 2 (range, 1–4). The mean aneurysm size was 
2 mm ± 0.8 mm. Demographics characteristics and 
aneurysm location are showed in Table 1.

Aneurysm clipping was successfully achieved in all the 
patients.

Outcome
Ischemia related to surgery was observed in 15% of the 
cases and hemorrhage in 13.2%. No mortality related 
to clipping was observed. Overall, major and minor 
neurological deficit related to clipping were 5.2% and 
2.2%, respectively. IOR rate was 15% in the whole 
cohort. In one case (1.9%), a surgical site infection was 
observed and completely solved by targeted antibiotic 

therapy. In another case (1.9%), postoperative seizure 
was treated by a combination of antiepileptic drugs. 
Cerebral vasospasm was observed in 32% of the cases. 
Hydrocephalus developed in 15% of the patients and 
was treated by ventriculoperitoneal shunt placement. 
At the time of discharge, 84.9% of the patients attained 
a favorable outcome (moderate, mild, or no disability). 
Only 8 patients (15.1%) had poor clinical outcome. 
Overall, Hunt and Hess Grades III–V were associated with 
poor clinical outcome [Table 2]. During the follow‑up, 
only 35 patients among 53 patients (66%) received a 
CTA control to assess recanalization rate. Complete 
aneurysm occlusion was observed in all the patients 
at an average neuroradiological follow‑up spanning 
52 months. Neither recanalization nor rebleeding was 
reported for patients who have been controlled by a 
second CTA.

Illustrative case
This 55‑year‑old man suffered sudden‑onset headache. 
On admission, he manifested no neurological deficits. 
Brain CT scan demonstrated SAH involving the basal 
and interhemispheric cisterns with a Fisher Grade 2 
[Figure 1a]. CTA revealed an aneurysm at the right 
carotid bifurcation [Figure 1b]. A Hunt and Hess Grade 
2 was assigned.

Surgical treatment was undertaken via right pterional 
approach. The aneurysm was identified on the carotid 
bifurcation [Figure 2a]. Temporary clips were applied to 
avoid aneurysm rupture [Figure 2b]. The aneurysm was 
well dissected from the clot and arachnoid adherence. A 
mini straight clip was applied and the aneurysm excluded 
from the cerebral circulation [Figure 2c].

Table 1: Demographics characteristics and aneurysm 
location
Demographics characteristics

Total patients (n) 53
Mean age (year, 
mean±SD)

50.4±10.1

Male 16
Female 37
Hunt and Hess (mean±SD) 2±1.2
Fisher (mean±SD) 2±1.1
Aneurysm size (mean±SD) 2±0.8

Aneurysm location
Anterior communicating 18
Carotid terminus 12
Posterior communicating 10
Anterior choroidal 6
Pericallosal 3
PICA 2
Basilar 2
Total 53

SD: Standard deviation, PICA: Posterior inferior cerebellar artery

Figure 1: (a) Brain computed tomographic scan showing a Fisher 
2 subarachnoid hemorrhage; (b) computed tomographic angiography 
revealing a small aneurysm at the right carotid bifurcation

ba

Figure 2: Intraoperative images showing the key steps for aneurysm 
clipping. (a) Small aneurysm on the right carotid bifurcation; 
(b) positioning of a temporary clip on the right internal carotid 
artery, A1 segment of the right anterior cerebral artery, and M1 
segment of the right middle cerebral artery; (c) aneurysm closure 
by miniclip application

b

c

a
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The patient did not present any postoperative 
neurological deficit and was discharged on postoperative 
day 5.

DISCUSSION

Small aneurysms with 3 mm or less in diameter are rare 
lesions representing a real challenge for diagnosis and 
management. Because of their small size, fragile‑thin 
wall, and a broad‑based neck, these aneurysms are 
difficult to manage. The optimal management of small 
aneurysms remains controversial. In the ISUIA, the 
perioperative morbidity and mortality for patients who 
underwent either clipping or coiling of their unruptured 
intracranial aneurysm was about 10%.[12,15] The natural 
history of these aneurysms remains unpredictable with 
the potential to increase in size, change in configuration, 
and rebleeding rate that seems to be uncertain compared 
to larger aneurysms.[28]

It has been reported that patients with ruptured 
intracranial aneurysms <5 mm are associated with a 
higher rate of presentation with poor Hunt and Hess 
grades than ruptured intracranial aneurysms larger than 
5 mm.[8] Moreover, in the clinical setting, approximately, 
half of the ruptured intracranial aneurysms <5 mm and 
65% of ruptured intracranial aneurysms larger than 5 mm 
are clinically presented with a good Hunt and Hess SAH 
grade.[8]

Endovascular management is technically challenging 
because of the small size of the aneurysms. Coiling has 
been associated with an increased risk of intraprocedural 
rupture.[2,20] It has been reported as successful treatment 
by using covered stent grafts or multiple porous stents.[11] 
More recently, flow‑diverting stents have been proposed 
as a treatment modality for these aneurysms.[23] However, 
also with these technique, pitfalls have been reported to 
cause stroke as the result of occlusion of jailed perforating 
vessels.[26]

Since patients with small aneurysms were excluded from 
ISAT, information about these aneurysms comes from 
unpowered studies. The BRAT, another leading study, 

reported poor outcome at 1 year in 33.7% of patients 
treated with open surgery versus 23.2% of those who 
underwent endovascular treatment.[18] However, also in 
this study, the investigators did not specify how many 
small aneurysms were enrolled, how they were treated, or 
what the outcome was in such patients. The study from 
Chalouhi et al.[5] is the first that directly compared surgical 
clipping and endovascular therapy in a consecutive series 
of patients harboring small ruptured cerebral aneurysms. 
They found that endovascular therapy had a significantly 
lower complication rate than open surgery, with a low 
incidence of intraprocedural rupture. Favorable outcomes 
were not statistically different between the endovascular 
and surgical groups. Endovascular procedures failed in 
up to 10% of all cases in that study, with a significant 
proportion of patients’ crossing over to surgical clipping. 
The rate of recurrence was 18.2% and retreatment was 
12.7%. Surgical clipping of small‑ruptured aneurysm was 
associated with a 23.3% complication rate and permanent 
morbidity and mortality rates limited to 8.3% and 0%, 
respectively.

In our study, aneurysm clipping was successfully achieved 
in all the patients. Major and minor neurological deficit 
related to clipping were 5.2% and 2.2%, respectively. No 
mortality related to clipping was observed. Ischemia 
related to surgery was observed in 15% of the cases 
and hemorrhage in 13.2%. Overall, IOR rate was 15% 
in the whole cohort. Cerebral vasospasm was observed 
in 32% of the cases. Hydrocephalus developed in 15% 
of the patients and was treated by ventriculoperitoneal 
shunt placement. At the time of discharge, 84.9% of 
the patients attained a favorable outcome (moderate, 
mild, or no disability). Only 8 patients (15.1%) had poor 
clinical outcome. Overall, Hunt and Hess Grades III–V 
were associated with poor clinical outcome.

During the follow‑up, complete aneurysm occlusion was 
observed in all the patients at an average neuroradiological 
follow‑up of 52 months. Neither recanalization nor 
rebleeding was reported for patients who have been 
controlled by a second CTA. In one case, a surgical site 
infection was observed and completely solved by targeted 
antibiotic therapy. In another case, postoperative seizure 
was treated by a combination of antiepileptic drugs.

In our series, we routinely used temporary clips for safe 
aneurysm dissection. Small aneurysms have a fragile, 
thin wall and dissection may be followed by aneurysm 
rupture leaving a hole into the artery wall. Temporary 
clips application reduces the risk of aneurysm rupture 
and gives an optimal view for miniclip application on 
aneurysm.

Our findings suggest that surgical clipping can still 
be considered an effective treatment modality for 
small‑ruptured aneurysm. However, this study is based on 

Table 2: Outcome related to surgery
Total aneurysms 53
Favorable outcome (%) 84.9
Poor clinical outcome (%) 15.1
Ischemia related to surgery (%) 15
Hemorrhage related to 
surgery (%)

13.2

Major neurological deficit (%) 5.2
Minor neurological deficit (%) 2.2
Cerebral vasospasm (%) 32
Hydrocephalus (%) 15
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a retrospective analysis from a single center experience 
without independent outcome assignment and do 
not compare surgical versus endovascular treatment. 
Furthermore, a significant number of clipped aneurysms 
have not been controlled by second CTA. These 
limitations, however, do not detract from the importance 
of the results obtained. Aneurysm clipping was 
successfully achieved in all the patients without mortality 
and low morbidity rate related to surgical treatment. At 
the time of discharge, almost all the patients attained a 
favorable outcome.

CONCLUSION

Small aneurysms represent a true challenge for diagnosis 
and management. Our findings support the effectiveness 
of surgical clipping although emerging data points out 
a blossoming endovascular solution. Large randomized 
controlled trial to compare the two treatment modalities 
can clarify most of the important issues. In the meantime, 
surgical treatment of small aneurysms remains safely and 
effectively.
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