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ABSTRACT: Background: The treatment of unruptured, intracranial aneurysms has been the topic of 
debate. Although recent studies have advocated surgical intervention for unruptured aneurysms, the 
risk of such treatment in comparison to outcome from ruptured aneurysms has not been established. 
Method: This retrospective study examines the outcome of 134 patients with 179 ruptured and unrup
tured intracranial, saccular aneurysms treated by a single surgeon. Results: Of the 98 ruptured 
aneurysms where early surgical intervention was undertaken (less than 48 hours post hemorrhage), 70 
had an excellent outcome, 13 were good, four were moderate, two poor and nine patients died postop
eratively. Outcome assessment in these cases was correlated to preoperative neurological status. 
Patients who presented with unruptured aneurysms fell into two categories: symptomatic and asymp
tomatic. Seven incidental, asymptomatic aneurysms were clipped concurrently to the surgical isolation 
of the culprit lesion following subarachnoid hemorrhage without influencing outcome, whilst, for vary
ing reasons, eight unruptured aneurysms were not operated upon. Of the remaining 66 surgically treated, 
unruptured aneurysms, 64 had an excellent postoperative result, one was good (persisting right incom
plete third nerve palsy) and one was moderate (left hemiparesis). Thirteen of these aneurysms were 
symptomatic, whilst 21 were asymptomatic, multiple aneurysms requiring secondary elective repair 
and 32 were true incidental aneurysms. Conclusion: Unruptured aneurysms less than 25 mm in size 
may be safely, surgically treated relative to the expected natural history and, certainly, with less risk 
than operative intervention upon ruptured cerebral aneurysms. 

RESUME: Resultats de la chirurgie des anevrismes intracraniens ruptures et non ruptures. Introduction: Le 
traitement des anevrismes intracraniens est un sujet de controverse. Bien que des etudes recentes favorisent le traitement 
chirurgical des anevrismes non ruptures, le risque associe a ce traitement compare a celui d'un anevrisme rupture n'a 
pas ete dtabli. Methodes: II s'agit d'une etude retrospective examinant le resultat du traitement de 179 anevrismes 
sacciformes intracraniens, ruptures et non ruptures, chez 134 patients traites par le meme chirurgien. Resultats: Des 98 
anevrismes ruptures traites precocement par chirurgie (dans les 48 heures de l'hemorragie), le resultat a et6 excellent 
pour 70 anevrismes, bon pour 13, moyen pour 4, mauvais pour 2 et 9 patients sont decides dans les suites postoperatoires. 
L'evaluation du resultat chez ces cas 6tait correlee a P£tat neurologique preoperatoire. Nous avons divisfi les patients qui 
se presentaient avec un anevrisme non rupture en deux categories, selon qu'ils etaient symptomatiques ou non. Sept 
anevrismes asymptomatiques decouverts fortuitement ont 6t6 clippes au moment de la chirurgie pour une autre lesion 
ayant provoque une h£morragie sous-arachnoi'dienne, sans influencer Tissue de la chirurgie. Huit anevrismes non 
ruptures n'ont pas ete traites chirurgicalement pour dirrerentes raisons. Des 66 autres anevrismes non ruptures traites 
chirurgicalement, les resultats postoperatoires ont ete excellents chez 64, bons chez un (paralysie residuelle incomplete 
du troisieme nerf cranien) et moyen chez un (hemiparesie gauche). Trente-quatre etaient des anevrismes multiples 
exigeant une chirurgie elective, dont treize etaient symptomatiques et 21 etaient asymptomatiques. La decouverte des 32 
autres avait ete fortuite. Conclusions: V issue de la chirurgie des anevrismes non ruptures de moins de 25 mm se 
compare favorablement a celle de leur histoire naturelle et presente certainement moins de risques que la chirurgie des 
anevrismes cerebraux ruptures. 
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The management of unruptured, intracranial aneurysms 
remains a contentious neurosurgical issue. This is fostered, in 
part, by the limited available data regarding the natural evolution 
of berry aneurysms,1"3 the optimal size at which aneurysmal 
surgery should be undertaken45 and the long term outcomes of 
patients who have had operative treatment for unruptured 
aneurysms.6 Nonetheless, the surgical management of aneurysms 
prior to rupture represents the greatest potential for reducing the 
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incidence of subarachnoid hemorrhage (SAH) and its invariably 
catastrophic sequelae.5-7-8 Contemporary advances in diagnostic 
imaging modalities and microsurgical techniques have resulted in 
increased detection of unruptured aneurysms and decreased mor
bidity and mortality associated with operative repair. Despite the 
obvious advantages of early intervention, it remains prudent to 
review the risks of such surgery and compare them to both the 
risks of spontaneous bleeding in patients harboring untreated 
aneurysms, as well as the consequences of surgery on patients in 
whom rupture has already occurred.5-7-9"" Increasingly, current 
studies are advocating early, elective intervention for unruptured 
aneurysms in patients with low risk for complications.'213 

To further establish the importance of surgically treating 
unruptured, intracranial aneurysms, this study compares the sur
gical outcome in patients presenting to a single surgeon with 
either ruptured or unruptured aneurysms. 

CASE MATERIAL 

Between 1984 and 1994, 134 patients were treated by the 
senior author (GRS) for ruptured and unruptured aneurysms at 
The University of Manitoba, Winnipeg, Manitoba and The 
University of Calgary, Calgary, Alberta. These patients repre
sented a total of 179 aneurysms, of which there were 98 rup
tured and 81 unruptured aneurysms. The ages of the patients in 
this series ranged from 20 to 77 years (mean 48.5; S.D. ± 13.0) 
with a female to male ratio of 2:1. This study includes only 
those patients in whom early surgical intervention (less than 48 
hours post SAH) was performed by a single surgeon to reduce 
the tendency towards individual selection bias, and selection cri
teria were based on the modified Botterell scale and the general 
medical condition of the patient prior to operation. Only 
aneurysms less than 25 mm were considered for this series. 
Aneurysms of less than 3 mm diameter were not included in this 
study in view of their presently uncertain, but presumably low, 
potential for spontaneous rupture. 

RESULTS 

Ninety-eight patients presented with SAH and were subse
quently diagnosed with cerebral angiography as having ruptured 
a berry aneurysm. The ages of these patients ranged"from 20 to 
70 years (mean 46.3; S.D. ± 12.5) with female to male ratio of 
2:1. Aneurysm location was as follows: anterior cerebral artery, 
33; middle cerebral artery, 24; posterior cerebral artery, five; 
internal carotid, 22; and vertebro-basilar circulation, 14 (Table 
1). Aneurysmal size was taken to be the maximal, saccular 
diameter and was measured with scaled angiography; 25 were 
classified as small (less than 7 mm diameter); 59 were medium 
(8 to 14 mm diameter); and 14 were large (15 to 25 mm 
diameter) (Table 2). Following surgery, patients were assessed at 
between 12 to 16 weeks and categorized according to their out
come (Figure 1). An excellent result was accorded to 70 
patients; whilst 13 cases were good; four moderate; and two 
were given a poor outcome. In nine cases, the patients died fol
lowing surgery (Table 3). 

In this series, 81 unruptured aneurysms were discovered 
incidentally in 41 patients (22 of whom presented with multiple 
aneurysms). The mean age for this group was 54.6 years with 
S.D. ± 13.5 and ages ranged from 24 to 77, whilst the female to 

Table 1: 

ANEURYSM LOCATION 

Location Ruptured Unruptured 

ACA 33 (34) 18 (22) 

MCA 24 (25) 31 (38) 

PCA 5 (5) 15 (19) 

IC 22 (22) 9 (11) 

V-B 14 (14) 8 (10) 

Total 98 (100) 81 (100) 

Table 2: 

ANEURYSMAL SIZE 

Size Ruptured Unruptured 

Small (3 to 7 mm) 25 (26) 35 (43) 

Medium (8 to 14 mm) 59 (60) 31 (38) 

Large (15 to 25 mm) 14 (14) 15 (19) 

Total 98 (100) 81 (100) 

Excellent -

Good -

Moderate -

Poor -

Dead 

Outcome Scale 

able to return to all former activities 

persisting neurological deficit which, 
nonetheless, allows the patient to return to 
all former activities 

significant, disabling neurological deficit 

vegetative state 

Figure 1. 

male ratio was 2.6:1. Of these aneurysms, 31 were discovered in 
the vicinity of the middle cerebral artery; 18 on the anterior 
cerebral artery; 15 on the posterior cerebral artery; nine on the 
internal carotid artery; and eight in the vertebro-basilar territory 
(Table 1). In determining the sizes of the aneurysms, 35 were 
classified as small; 31 were medium; and 15 large (Table 2). 

The unruptured aneurysms were subdivided into groups 
depending upon their presentation and management. In eight 
cases, no surgery was performed with reasons ranging from 
death of the patient between emergency surgery for aneurysmal 
rupture and proposed elective surgery for incidentally discov
ered, additional, unruptured aneurysms, 2; inoperable, intracav-
ernous aneurysms, 2; aneurysms less than 3 mm and considered 
too small for surgery, 3; and one case in which the patient 
refused further treatment. In seven patients, because of intraop
erative accessibility, the incidentally discovered aneurysms were 
clipped concurrently with the surgical isolation of the ruptured 
aneurysm and the long term outcome for these patients was 
deemed to be dependent upon their recovery from the SAH. The 
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Table 3: Ruptured aneurysms - outcome vs. clinical grade 

Ruptured Aneurysms (n = 98) 
Clinical Guide 

Outcome 

Excellent 

Good 

Moderate 

Poor 

Dead 

#Pts. 

70 

13 

4 

2 

9 

III 

10 

6 

2 

1 

IV 

-
-

4 

V 

-
-

2 

remaining 66 aneurysms were classified as either symptomatic 
or asymptomatic, i.e., aneurysms discovered as a result of mass 
effect or those patients in whom diagnosis of the berry 
aneurysms was a truly fortuitous, incidental occurrence. 

Thirteen patients presented with symptomatic intracranial 
aneurysms detected by cerebral angiography (Table 4). The 
sizes of these aneurysms ranged from 9 to 25 mm and accounted 
for a variety of presenting signs and symptoms, including cra
nial nerve compression, hemicranial headaches and ataxia. In 11 
cases, the aneurysm was successfully ablated by application of a 
surgical clip, whilst in two patients, aneurysmal trapping was 
effected by extracranial to intracranial (EC/1.C) arterial bypass. 
All 13 patients demonstrated an excellent postoperative result 
with resolution of their preoperative signs and symptoms. 

In 14 patients, 21 unruptured aneurysms discovered during 
angiography for a previous SAH, but not surgically accessible 
during the first operation, were electively operated upon at a 
later time. Thirteen patients had excellent results and one was 
assessed as being moderate. In the latter case, a 46-year-old 
female, who had previously undergone successful surgery on a 
left-sided 12.5 mm aneurysm following SAH, presented for 
elective clipping of a second right-sided 10 mm aneurysm. 
Intraoperatively, the neck of the aneurysm was noted to be calci
fied and required crushing before successful application of the 
clip could be carried out. Following surgery, the patient presented 
with a left hemiparesis which improved slowly but still necessi
tated the use of a cane for assisted ambulation. 

The remaining 32 aneurysms were classified as true inci
dental aneurysms, discovered in patients for reasons other than 
mass effect or previous SAH. These included lesions suspi
cious for aneurysm on CT brain imaging during routine work 
up for other neurological problems (e.g., dementing illness, 
Parkinson's disease, persisting headaches and progressive, 
unexplained hemiparesis). Angiography during investigation 
of carotid stenosis, transient ischemic attacks and severe epis-
taxis also harvested a number of incidental aneurysms. Sizes 
ranged from 5 to 20 mm and, in seven patients, multiple 
aneurysms were present. The aneurysms were treated by surgi
cally clipping the aneurysmal neck and outcome was classified 
as excellent for 31 aneurysms and good in one patient, who 
presented with an incomplete third cranial nerve palsy follow
ing surgical isolation of a 20 mm posterior communicating 
artery aneurysm. 

Of the 98 patients surgically treated for ruptured intracra
nial aneurysms, 72% had an excellent outcome; 13% had 
minor complications; 6% suffered major morbidity; and 9% 
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Table 4: Unruptured aneurysms - outcome vs. presentation 

Unruptured Aneurysms (n = 66) 

Secondary 
Repair Symptomatic Incidental 

Outcome (n = 21) (n = 13) (n = 32) 

Excellent 20 13 31 

Good - - 1-

Moderate 1' - -

Poor -

Dead -
1 10 mm calcified MCA aneurysm 
2 20 mm PoCoA aneurysm 

died. Outcome was noted to be inversely correlated to clinical 
grade at the time of presentation (Table 3). By comparison, 
patients who underwent elective, surgical management of rou
tinely discovered, unruptured berry aneurysms had a 97% 
chance of an excellent outcome. A minor complication was 
evident in one patient (1.5%) postoperatively, and one patient 
suffered major morbidity (Table 4). Despite the relatively 
small number of patients involved in this study, no significant 
difference in outcome following surgical management of 
symptomatic and asymptomatic unruptured aneurysms was 
seen. In the group of patients with good or excellent results 
following surgical repair of ruptured aneurysms, 29% had 
lesions less than 7 mm in size; 55% had aneurysms 8 to 14 
mm; and 16% were greater than 15 mm. Among the 15 
patients with major morbidity or death, one aneurysm was less 
than 7 mm (7%); 11 were 8 to 14 mm (73%); and three greater 
than 15 mm (20%). Of the unruptured aneurysm patients who 
had a good or excellent outcome following elective surgery, 
39% were less than 7 mm; 44% were 8 to 14 mm in diameter; 
and 17% greater than 15 mm. The single patient from the inci
dental aneurysm category with major postoperative morbidity 
had a 10 mm aneurysm. 

DISCUSSION 

Limitations of Data 

In this study, a relatively small number of patients was 
reviewed and intergroup comparisons should, therefore, be inter
preted with caution. In addition, a single surgeon's operative 
results are not necessarily applicable to the neurosurgical com
munity. Nonetheless, we believe that the conclusions from this 
study are valid and help to address the controversy surrounding 
the management of patients with unruptured, intracranial 
aneurysms. 

During the past 45 years, there had been no appreciable 
decline in the incidence of SAH or in the morbidity of the dis
ease, despite a statistical reduction in the annual morbidity and 
mortality rates associated with surgical treatment of ruptured 
intracranial aneurysms during the same period.14"16 This latter 
development may be attributed to several factors including 
improved diagnostic modalities allowing for earlier surgical 
intervention, better pre and postoperative medical management 
of the complications associated with SAH, refinement of surgical 
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techniques, and better judgment with respect to optimal timing 
for aneurysmal surgery.5,614 With an annual estimated incidence 
of 10.9 cases per 100,000 population,1317 a mortality rate of 
60% for untreated, ruptured aneurysms15 and 2 to 30% for 
aneurysms in which surgical intervention was carried out 
(dependent upon preoperative grading and time from SAH, or 
last rebleed, to surgical management), it is apparent that a more 
effective approach to this condition needs to be developed and 
pursued.618 

An increasing amount of attention has been focused on the 
management of unruptured, incidental aneurysms. By ablating 
the aneurysms prior to spontaneous rupture, the devastating 
effects of SAH would be avoided. Surgical or endovascular 
intervention is not without its own inherent risks, however, and 
these need to be weighed against the complications associated 
with potential, future aneurysmal rupture. In their review of 50 
patients with multiple aneurysms in whom a previous ruptured 
aneurysm had been treated, Winn et al. found the risk of rup
ture of an intact aneurysm to be approximately 1% per 
annum.13 In a study of 142 patients in whom multiple or single 
unruptured aneurysms were incidentally discovered without 
prior SAH, Juvela et al. documented an estimated 1.4% annual 
rupture rate. They also noted that, whilst there was a correlation 
between size (maximal diameter) of the largest aneurysm and 
risk of future rupture in patients with multiple aneurysms, there 
was no critical diameter above which the propensity for rupture 
increased.19 

Wiebers and coworkers reported on a long term followup 
study of 161 unruptured aneurysms and found that the probability 
for rupture in aneurysms less than 10 mm was extremely low, 
and suggested that no surgical intervention be considered in 
such cases.1 2 2 0 Crompton, in reviewing the brains of 289 
patients dying from berry aneurysmal rupture, determined that 
the critical size at which an aneurysm was likely to become 
unstable and rupture was 4 mm.21 Wiebers felt that the observa
tion of Crompton could be attributed to the natural propensity of 
the aneurysm to partially collapse at the time of rupture, and 
because of subsequent thrombus formation in the aneurysmal 
sac.12 Several papers have subsequently disputed the recommen
dations of Wiebers and his colleagues, reporting on a number of 
cases of previously intact, angiographically-demonstrated 
aneurysms of less than 10 mm which have ruptured sponta
neously.3-22"24 In an angiographical study of the growth of 
intracranial aneurysms, Allcock and Canham found that there 
was no consistent rate of growth of aneurysmal sacs.1 The con
clusion to be drawn from these findings is that small, asymp
tomatic aneurysms do possess an inherent risk of rupture and 
should be considered for definitive, surgical management where 
possible. 

In a report published in 1970 by Heiskanen and Marttila, the 
researchers concluded that the risks of surgical intervention in 
unruptured aneurysms outweighed the natural risks of SAH.25 

However, several subsequent studies have advocated early, elec
tive intervention for symptomatic and incidentally-discovered, 
asymptomatic unruptured aneurysms less than 25 mm in diame
ter.2-7'9""'22'26 In the series of Solomon et al., size, and not loca
tion, was the main variable predicting the incidence of 
complications during surgery. However, this in itself should not 
be a major contraindication for surgical intervention.7 In the 
hands of a skilled surgeon, intervention on aneurysums of 10 to 

25 mm carries a major morbidity risk of less than 5%, whilst 
those less than 10 mm have an equivalent risk of 1%." Age of 
the patient, co-morbid medical conditions and informed consent 
are further considerations to be taken under advisement by the 
surgeon when selecting patients for such surgery. 

The results of this study support the consensus of opinion of 
contemporary neurosurgeons. Major morbidity and mortality 
was significantly less in patients who underwent elective, surgi
cal repair of unruptured aneurysms compared to those in whom 
aneurysmal rupture was followed by emergency surgical treat
ment. Based on an annual rupture rate of 1-1.4% for intact 
aneurysms, a significant benefit following surgical intervention 
would be realized in two to three years, providing a major surgi
cal morbidity of less than or equal to 2% was attained. Among 
the ruptured aneurysms, 25% were only 3 to 7 mm in size, 
emphasizing the importance of considering surgery in unrup
tured aneurysms of similar size. 

CONCLUSION 

Providing there are no medical or surgical contraindications, 
unruptured, intracranial berry aneurysm less than 25 mm in size 
should be isolated from the cerebral circulation. The benefits of 
controlled, surgical ablation of these lesions outweigh the risks 
of such intervention, as well as the morbidity and mortality 
which can be anticipated following SAH when an expectant 
approach is adopted. 
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