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ABSTRACT: Objective: To determine the current recovery rates and causes for morbidity and mortality 
in patients suffering aneurysmal subarachnoid hemorrhage (SAH). Methods: We reviewed a recent consec
utive series of 95 patients with ruptured intracranial aneurysms who presented to our hospital between 
1994 and 1995. When administered, active treatment consisted of early surgery for aneurysm clipping and 
aggressive prevention and treatment of SAH-related complications. Results: Eighty-eight (93%) of the 
patients were admitted within 24 hours of rupture. One-quarter of the patients in this series did not undergo 
aneurysm clipping due to poor neurological condition on presentation. Of the 75 patients initially consid
ered for active treatment, 83% underwent surgery within 48 hours of rupture, all received nimodipine, 16% 
received tissue plasminogen activator to lyse subarachnoid or intraventricular clots, 40% underwent hyper
tensive treatment, and 7% underwent transluminal balloon angioplasty for vasospasm. At one year follow-
up, 29% of patients had died, 7% had severe disabilities, 13% had moderate disabilities, 51% had made a 
good recovery, and 64% of all surviving patients had returned to their previous work status. Primary and 
contributing causes of death and disability, affecting 47 patients at one year, were: direct effects of the ini
tial hemorrhage (79% of affected patients), surgical complications (13%), vasospasm (11%), rebleeding 
(11%) and medical complications (13%). Conclusions: Almost two-thirds of patients suffering aneurysm 
rupture make a satisfactory recovery with modern treatment. While vasospasm has become a less common 
cause of poor outcome following SAH, surgical complications remain an important problem. 

RESUME: Causes de morbidite et de mortalite suite a la rupture d'un anevrisme intracranien. Objectif: Notre 
but etait de determiner le taux actuel de guerison et les causes de morbidite et de mortalite chez les patients ayant subi 
une hemorragie sous-arachnoTdienne due a un anevrisme (HSA). Methodes: Nous avons revu une s6rie r6cente de 95 
patients consecutifs ayant subi une rupture d'anevrisme intracranien et qui se sont presented a notre hopital entre 1994 
et 1995. Quand un traitement etait administre, il s'agissait d'une chirurgie precoce pour ligaturer 1'anevrisme et de 
mesures agressives pour prevenir et traiter les complications reliees au HSA. Resultats: Quatre-vingt-huit (93%) des 
patients avaient ete admis dans les 24 heures suivant la rupture. Un quart des patients dans notre seYie n'ont pas subi 
de ligature de 1'anevrisme a cause de leur mauvais etat neurologique au moment de leur admission. Parmi les 75 
patients initialement considered eligibles a un traitement actif, 83% ont subi une chirurgie dans les 48 heures de la rup
ture; tous ont recu de la nimodipine; 16% ont recu de l'activateur du plasminogene tissulaire pour lyser des caillots 
sous-arachnoidiens ou intraventriculaires; 40% ont recu un traitement antihypertenseur et 7% ont subi une angioplas-
tie transluminale pour vasospasme. A un an de suivi, 29% des patients etaient decedes, 7% avaient des deficits 
seVeres, 13% avaient des deficits moderes, 51% avaient une bonne recuperation et 64% de tous les survivants fitaient 
retournes a leurs fonctions anterieures. Un an apres l'evenement, les causes principales de deces ou ayant contribue' au 
deces, et les causes d'invalidite chez 47 patients etaient les effets directs de l'hemorragie initiale (79% des patients), 
les complications chirurgicales (13%), le vasospasme (11%), une nouvelle hemorragie (11%) et des complications 
medicales (13%). Conclusions: Presque les deux tiers des patients ayant subi une rupture d'anevrisme ont une 
recuperation satisfaisante grace a la therapeutique moderne. Bien que le vasospasme soit devenu une cause moins 
frequente de mauvais resultats suite a une HSA, les complications chirurgicales demeurent un probleme important. 
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The management of intracranial aneurysm rupture and sub
arachnoid hemorrhage (SAH) continues to evolve, resulting in a 
perceived improvement in patient outcome. We wished to per
form a critical examination of a recent series of patients with 
aneurysmal SAH managed in a uniform fashion with early 
microsurgery for aneurysm clipping and aggressive manage
ment of post-hemorrhagic complications in order to determine 
the current major causes of poor and impaired outcome follow
ing aneurysm rupture. A goal of this analysis was to obtain 
modern, overall, surgery-based management outcome results. 

MATERIALS AND METHODS 

A retrospective review of all patients with confirmed or 

highly probable aneurysmal SAHs presenting to the University of 

Alberta Hospital (Walter Mackenzie Health Sciences Centre site) 

From the Division of Neurosurgery, University of Alberta, Edmonton. 
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between January 1994 and January 1995 was performed. This 
review included all patients with SAH and either an angiographi-
cally or autopsy confirmed cerebral aneurysm or, if angiography 
or postmortem examination was not performed, cranial computed 
tomographic (CT) scanning findings that were reported to be con
sistent with aneurysm bleeding (this observation subsequently 
confirmed by the authors). Patients were identified both from a 
neurosurgical data-base and a search in the hospital medical 
records department using a variety of appropriate diagnostic 
codes. Patients who arrived dead to the emergency room and 
were speculated to have possibly suffered a spontaneous 
intracranial hemorrhage were not included in this review. 
Patients with mycotic, traumatic and dissecting aneurysms were 
also excluded. 

One of the authors (GMD), a former neurosurgical intensive 
care nurse trained in chart review and patient outcome assess
ment (clinical quality analysis), was employed by the hospital in 
a clinical quality improvement initiative and worked indepen
dently collecting the data for this study from both hospital and 
clinic charts, as well as from a telephone interview (to adminis
ter a verbal questionnaire) of all surviving patients. 

This is not a population-based study, since during the study 
period patients suffering SAH in northern Alberta and the cen
tral Northwest Territories (the geographical area that is Edmon
ton's referral base for acute neurological diseases, population 
approximately 1.5 million) were also cared for at another 
Edmonton city hospital. However, the authors are unaware of 
any referral or selection bias for acute neurological patients 
existing between the two hospitals. In our city, during this time, 
patients with neurological emergencies were taken to the nearest 
hospital with neurosurgical coverage. 

Demographic information, admission neurological status and 
SAH grades,12 CT scan findings and, when it could be deter
mined, aneurysm location were recorded for each patient. Out
come (using the Glasgow Outcome Scale3) as well as 
work-status assessments were made at three and twelve months 
from aneurysm rupture. All surviving patients had a follow-up 
clinical assessment both at approximately 3 and 6 months from 
rupture, and any patient with a less than good outcome at these 
intervals was also contacted by telephone for a follow-up inter
view at one year. For those patients who had either died or who 
were classified as having an impaired outcome at these two 
times primary and contributing causes of morbidity and mortali
ty were established as specifically as possible. This was done 
using a checklist and examining the following eight aspects of 
the hospital and clinic charts: 1) the patient's neurological con
dition on admission; 2) clinically and/or radiologically docu
mented rebleeding events prior to or following hospital 
admission; 3) the written and transcribed operative reports for 
descriptions of intraoperative complications; 4) any change 
from the preoperative to immediately postoperative neurological 
status; 5) all postoperative CT scan and cerebral angiography 
results, noting specifically descriptions of new hemorrhage, 
cerebral infarction or vascular occlusions; 6) the diagnosis of 
symptomatic cerebral vasospasm and/or vasospasm-related 
cerebral infarction, which required the delayed-onset of neuro
logical deficits not due to other causes and confirmation by the 
results of transcranial Doppler testing, cerebral angiography or 
CT scans; 7) complications of hydrocephalus or its treatment 
(i.e., hemorrhage or infection); and 8) other, nonneurological 

complications (i.e., cardiac, pulmonary, gastrointestinal, and 
sepsis). The timing and nature of neurological deteriorations, 
and deaths, were ascribed to the most clearly identifiable prima
ry cause, and all possible contributing causes were also noted. 
Deficits or death due to rebleeding had to be accompanied by 
radiological evidence of new hemorrhage, deficits due to 
surgery had to be noted immediately postoperatively and 
accompanied by an appropriate complication identifiable on CT 
scanning (infarct, hemorrhage, edema), and vasospasm-related 
events had to occur in a delayed fashion and accompanied by 
transcranial Doppler and/or angiographic confirmation of 
vasospasm. Deaths or deficits considered a direct effect of the 
initial bleeding were only of a neurological nature, and did not 
include cardiopulmonary complications unrelated to brainstem 
dysfunction. 

All patients were managed by a single neurosurgical service 
which is also a training program for neurosurgical residents, 
and all operations were performed or supervised by one of 
three neurosurgeons, each of whom had been in clinical prac
tice for more than five years with a special interest in 
aneurysm surgery. Management of ruptured aneurysms during 
the study period on this service, discussed in detail else
where,45 included a uniform preference for early microsurgical 
aneurysm clipping (within 24 hours of presentation) for all 
patients where a satisfactory outcome was felt possible, fre
quent use of external ventricular drainage, postoperative treat
ment in a neurointensive care unit with daily transcranial 
Doppler monitoring, routine use of postoperative cerebral 
angiography to assess aneurysm cl ipping and cerebral 
vasospasm, and measures to reduce cerebral vasospasm and 
vasospasm-related ischemia including administration of 
nimodipine to all patients,67 intraoperative, intracisternal tis
sue plasminogen activator in patients with thick SAHs,8 as 
well as a standard protocol for hypervolemia, induced hyper
tension and transluminal balloon angioplasty when appropriate 
for symptomatic patients. Patients with rapidly failing brain
stem function and/or CT evidence of massive and vital brain 
destruction were not supported (other than maintenance as 
potential organ-donors), but poorer-grade patients (SAH 
grades 3 and 41) less than 70 years of age without vital brain 
destruction or uncontrollable elevations in intracranial pres
sure were managed with early operation. 

RESULTS 

A total of 95 patients with ruptured intracranial aneurysms 
were identified in the twelve month study period, 41 males and 
54 females (male to female ratio 1:1.32), with ages ranging from 
23 to 74 years (mean age 58 years). Presenting neurological 
conditions, admission CT findings and aneurysm locations are 
shown in Table 1. Eighty-eight (93%) of the patients were 
admitted within 24 hours of rupture, and the remaining 7 (7%) 
patients presented between one and five days following rupture. 
Thirty-seven patients (39%) were SAH grades 4 or 5, and 20 
patients (21%) did not undergo angiography (because of poor 
neurological condition) or postmortem examination to positively 
identify a responsible intracranial aneurysm. 

A total of 56% of patients had associated intracerebral and/or 
intraventricular hemorrhages, and 15% had acute hydro
cephalus. Twenty-four patients (25%) did not undergo aneurysm 
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Table 1: Clinical characteristics of 

Admission Neurological Status 

Headache 

Severe headache but alert 

Drowsy 

Semi-comatose or comatose 

Moribund 

Admission CT Findings* 

Intracerebral hemorrhage 

Intraventricular hemorrhage 

Hydrocephalus 

Infarction (acute) 

Thick, diffuse subarachnoid clots 

Aneurysm Location 

Internal carotid artery 

Anterior cerebral artery 

Middle cerebral artery 

Vertebrobasilar arteries 

None positively identified** 

Surgical Procedures 

Aneurysm clipping 

Hematoma evacuation (only) 

VP shunt insertion 

None 

study population (n = 95) 

# 

22 

14 

22 

21 

16 

# 

34 

19 

14 

1 

27 

# 

22 

23 

16 

12 

20 

# 

71 

1 

3 

23 

% 

23 

15 

23 

22 

17 

% 

36 

20 

15 

1 

28 

% 

23 

24 

17 

13 

21 

% 

75 

1 

3 

24 

*in addition to evidence of subarachnoid hemorrhage. 
**angiography and postmortem examination not performed, but clinical 

features and CT results consistent with intracranial aneurysm rupture. 

repair, although one of these patients underwent emergency 
evacuation of an intracerebral hemorrhage but died prior to 
aneurysm treatment. There was only one giant aneurysm in this 
series, an anterior communicating artery aneurysm with a length 
of 28 mm. 

Some aspects of patient management are shown in Table 2. 
Of the 75 patients who underwent diagnostic cerebral angiogra
phy following presentation and therefore in whom there was an 
initial interest in active treatment, 62 (83%) underwent aneurysm 
clipping within 48 hours of rupture, and 72 (96%) ultimately 
underwent aneurysm clipping. All of these 75 patients received 
nimodipine, 10 (13%) received intraoperative intracisternal rt-PA 
for vasospasm prophylaxis, 4 (5%) received intraventricular rt-
PA for intraventricular clot lysis, 30 (40%) received an infusion 
of an inotropic and/or vasopressor at some point, and 5 (7%) 
patients underwent transluminal balloon angioplasty for symp
tomatic cerebral vasospasm despite hypervolemic, hypertensive 
therapy. Seventy-one of the 72 patients who underwent aneurysm 
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Table 2: Details of patient management. 

Treatment Characteristic 

Surgery within 48 hours of rupture 

Perioperative ventricular drainage 

Inotrope and/or vasopressor infusion 

Tissue plasminogen activator administration 
- subarachnoid 

- intraventricular 

Postoperative cerebral angiography 

Reoperation for aneurysm remnant 

*n = 75 patients who received "active treatment' 

Table 3: Glasgow outcome scores (n 

# 

Deceased 26 

Vegetative state 1 

Severe disability 11 

Moderate disability 13 

Good recovery 44 

= 95). 

3 mo 

Table 4: Work status of surviving patients. 

Work Status 

Returned to previous work 

Not returned to previous work due 
to persistent neurological deficit 

Not returned to previous work 
due to other reasons 

Total 

3 

# 

26 

35 

8 

69 

% 

27 

1 

12 

14 

46 

mo 

# 

62 

51 

30 

10 

4 

71 

3 

' (see text) 

% 

38 

51 

11 

%* 

83 

68 

40 

13 

5 

95 

4 

12 mo 

# 

28 

0 

7 

12 

48 

12 

# 

43 

18 

6 

67 

% 

29 

0 

7 

13 

51 

mo 

% 

64 

27 

9 

repair also had postoperative cerebral angiography. Unequivocal 
aneurysm remnant (radiologist and surgeon in agreement) was 
found in 6 (8%) of these patients, and 3 patients subsequently 
underwent reoperation for aneurysm remnant obliteration. 

Glasgow outcome scores and work-status for the patient popula
tion are shown in Tables 3 and 4, respectively. Follow-up was 
obtained for every patient. Twenty-eight patients (29%) died, 26 of 
these by 3 months. The single vegetative patient at the 3 month fol
low-up died 6 months from hemorrhage, and another patient with 
severe disabilities died of myocardial failure at 5 months. Overall 
favorable (good and moderate disability): unfavorable (death, vege
tative and severe disability) outcome ratios were 60%:40% at 3 
months and 64%:36% at one year. Three patients improved from 
severe to moderate disabilities and four patients improved from 
moderate disabilities to good outcome in the 3 to 12 month interval, 
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Table 5: Patient outcomes, one year follow-up (n = 95). 

n,,t™rrw,* Admission Neurological Grade (WFNS) 

I II 

Favorable 21 11 

Unfavorable 1 3 

HI 

17 

5 

IV 

11 

10 

V Total 

0 60 

16 35 

*favorable = Glasgow outcomes good and moderate disabilities; unfa
vorable = severe disability, vegetative state and death. 

Table 6: Primary and contributing causes 

Primary Cause of Death 

Direct effect of initial bleed 

Rebleeding 

Cerebral infarct, surgical complication 

GI complication 

Cardiac complication 

Total 

Contributing Cause of Death 

Direct effect of initial bleed 

Rebleeding 

Cerebral infarct, vasospasm complication 

Cerebral infarct, surgical complication 

Hydrocephalus 

Pulmonary complication 

Sepsis complication 

of death 

3 mo 

# 

18 

4 

3 

1 

0 

26 

% 

69 

15 

12 

4 

0 

3 mo 

# 

3 

1 

2 

1 

1 

1 

1 

% 

12 

4 

8 

4 

4 

4 

4 

12 mo 

# % 

19 67 

4 14 

3 11 

1 4 

1 4 

28 

12 mo 

# % 

3 11 

1 4 

2 8 

1 4 

1 4 

1 4 

2 8 

but no patient moved from the severe disability to good outcome 
group. Outcome at one year correlated with admission neurological 
status (Table 5). Twenty-six of 69 surviving patients at three 
months (38%) had returned to work by 3 months from hemorrhage, 
and this increased to 64% of one-year survivors. 

The leading primary cause of death was the direct effects of 
initial aneurysm bleeding, responsible for 18 of 26 (69%) deaths 
at 3 months and 19 of 28 deaths (67%) at one year (Table 6). Far 
behind this, but close to each other, were the consequences of 
aneurysm rebleeding (4 deaths at one year) and cerebral infarc
tion resulting from complications of surgery (3 deaths at one 
year). Cerebral vasospasm was not a primary cause of death in 
this series but contributed to the death of 2 patients (7%). 

Similarly, the leading primary cause of morbidity in this 
series was the direct effect of aneurysm bleeding, which was 
responsible for 16 of the 25 disabilities (64%) at 3 months and 
14 of 19 disabilities (74%) that remained at one year (Table 7). 
Vasospasm accounted for 16% of disabilities at one year, while 
surgical complications caused 10% of disabilities still present at 
one year. Of the five rebleeding events that occurred four were 
prior to aneurysm repair and were primarily responsible for all 
four patients' deaths, and one resulted from an aneurysm rem-

Table 7: Primary and contributing causes of disability. 

Primary Cause of Disability 

Direct effect of initial bleed 

Cerebral infarct, vasospasm complication 

Cerebral hemorrhage, surgical complication 

Cerebral infarct, surgical complication 

Cardiac complication 

Total 

Contributing Cause of Disability 

Direct effect of initial bleed 

Hydrocephalus 

Cardiac complication 

3 

# 

16 

4 

1 

3 

1 

25 

3 

# 

1 

2 

2 

Table 8: Primary or contributing cause of death 
follow-up. 

Primary or Contributing Cause 

Direct effect of initial bleed 

Surgical complication 

Cerebral infarct, vasospasm complication 

Rebleeding 

Hydrocephalus 

Medical complication 

mo 

% 

64 

16 

4 

12 

4 

mo 

% 

4 

8 

8 

12 

# 

14 

3 

1 

1 

0 

19 

12 

# 

1 

1 

1 

ar disability, one 

# 

37 

6 

5 

5 

2 

6 

mo 

% 

74 

16 

5 

5 

0 

mo 

% 

4 

4 

4 

year 

% 

79 

13 

11 

11 

4 

13 

nant that was subsequently identified by cerebral angiography 
and repaired. This patient also subsequently died, partly due to 
the rebleeding event, but secondary also to vasospastic cerebral 
infarction and pulmonary sepsis. The figures for combined pri
mary and contributing causes of both death and disability at the 
one year follow-up are shown in Table 8. Overall, surgical com
plications slightly exceeded both the effects of aneurysm 
rebleeding and vasospasm as a cause of death or disability. 

DISCUSSION 

Outcome Assessment 

An important limitation of this study, and one shared with 
most other outcome studies examining SAH,9"18 is dependency 
on the Glasgow outcome scale or similar outcome classification. 
Popular because it is practical and easy to apply, and reliable in 
interobserver studies,19 the GOS nevertheless classifies patients 
broadly according mainly to motor impairment, and it fails to 
detect less obvious impairments in higher cerebral functions, 
including memory and cognition. More thorough neuropsycho
logical examinations have found these types of deficits common 
following SAH,20-23 and depending upon the cerebral function 
tested, present in over one-half of even GOS "good outcome" 
SAH survivors.24-25 Others, however, have not found that these 
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more subtle deficits significantly reduce many patients' quality 
of life.26 Despite this important limitation, most investigators 
believe that the GOS provides clinically useful summary infor
mation in an observational study such as ours where additional, 
labor intensive, neurological or neuropsychological testing is 
beyond its scope. Our study did demonstrate the usefulness of an 
at least one year follow-up in outcome assessment, since 
between 3 and 12 months two patients died, and a total of 7 (7%) 
patients improved one grade in the Glasgow Outcome Scale. 

SAH Outcome Studies 

The outcome results of this study should be distinguished 
from reports of strictly surgical aneurysm series, where patients 
in better neurological condition are selected to undergo opera
tive therapy and the publications are usually intended to 
demonstrate the advantage of a specific surgical or management 
approach.27 The overall results of those studies are usually more 
optimistic. On the other hand, our study cannot be compared 
directly to large epidemiological studies where all, or nearly all, 
patients suffering SAH in a certain time period within a defined 
geographical region are entered.12151618'28 These studies are par
ticularly useful in defining the incidence and case-fatality rates 
for SAH in a region. Because smaller clinic-based series can be 
examined in detail, and results considered to reflect a uniform 
management strategy, we believe that our analysis and similar 
studies101317 provide useful clinical information. 

The results of smaller clinic-based studies are often com
pared to the findings of the International Cooperative Study on 
the Timing of Aneurysm Surgery,29 which as part of its analysis 
documented the overall management results of 3521 patients 
treated between 1980 and 1983. Not all patients were eligible 
for entry into that study, so that a high percentage (between 75% 
and 80% of patients) were in good neurological condition upon 
entry. Overall, favorable outcomes were seen in 67% of patients, 
and unfavorable outcomes in 33%. The leading causes of death 
and disability were, in the overall analysis and in descending 
order: vasospasm (14%), the direct effects of the initial insult 
(11%), rebleeding (8%), and surgical complications (4%). 

More recent studies have found that vasospasm has become a 
less common cause for poor outcome, that primary effects of the 
hemorrhage predominate when the patient populations are unse-
lected, and surgical complications are more common than seen in 
the Cooperative Timing Study. Saveland et al. prospectively evalu
ated the results of a uniform management protocol in 325 unselect-
ed patients admitted to 5 neurosurgical units in Sweden between 
1989 and 1990.13 Overall, at 3 to 6 months follow-up, 56% of 
patients were classified as having a good outcome, 23% had some 
morbidity, and 21% had died. Of the 142 patients with some resid
ual morbidity and classified as an unfavorable outcome, 46% were 
due to the initial bleed, 14% were due to surgical trauma, 14% 
were due to rebleeding, 13% were due to vasospasm, and 8% were 
due to medical complications. Only 5.5% of the 248 patients who 
presented in good neurological condition suffered morbidity sec
ondary to vasospasm, which the authors attributed to their policy 
of early aneurysm surgery and aggressive anti-ischemic treatment. 

Proust et al. examined 230 consecutive patients admitted to a 
single neurosurgical unit in Rouen, France, between 1987 and 
1993.'7 Two hundred of these patients were in "good" preopera
tive neurological condition (SAH grades I-III). At a 6-12 month 
follow-up a total of 77% of patients achieved a good outcome, 

7% were disabled, and 16% were either vegetative or dead. In 
that selected aneurysm series, where early surgery and aggres
sive vasospasm treatments including nimodipine, transcranial 
Doppler monitoring, and hypervolemia were employed, the 
leading cause of impaired outcome was surgical complications 
(mostly ischemia resulting from an arterial occlusion), affecting 
11 % of patients, followed by effects of the initial hemorrhage 
(10%), and vasospasm (4%). Considering just the 200 patients 
in good preoperative neurological condition, the leading cause 
of impaired outcome was again a surgical complication, which 
was seen in 20% of patients in that group. Surgical complica
tions accounted for 38% of all disabilities and deaths in that 
study. The authors attributed this higher surgical complication 
rate compared to previous studies (such as the Cooperative Tim
ing Study) to a higher detection rate resulting in part from their 
routine use of postoperative angiography. 

Results, Limitations and Usefulness of the Present Study 

The result of our relatively small series are in agreement with 
previous indications that the effects of vasospasm on SAH out
come have been reduced in recent years. ' 3"1 7 The most proba
ble explanation for this has been improved vasospasm 
prevention and treatment, and the vasospasm treatments used in 
our study population reflect modern SAH management as it is 
commonly practiced in modern neurosurgical units in North 
America.5'30 One exception to this is our unit's use of tissue 
plasminogen activator for lysis of thick subarachnoid or intra
ventricular clots (used in a total of 12 patients in this series), 
since this has not become a widely adopted practice in North 
America. However, while possibly simplifying the management 
of this small subgroup of patients, it is unlikely that the use of 
plasminogen activator in this series of patients had a significant 
effect on overall patient outcome. According to our results it 
would appear that vasospasm currently accounts for or con
tributes to about 10% of SAH-related morbidity and mortality in 
our unselected neurosurgical series of patients, and directly 
results in death or permanent morbidity in only about 5% of the 
entire patient population. While vasospasm clearly remains an 
important clinical problem, demanding early recognition and 
prompt intervention, improvements in prevention and treatment 
strategies within the last two decades have significantly reduced 
its permanent effects on SAH populations. On the other hand, 
the often devastating neurological consequences of the initial 
hemorrhage continue to predominate as the major cause of poor 
outcome. In addition to the direct parenchymal injury that 
severe aneurysm bleeding can inflict locally, sudden and large 
increases in intracranial pressure associated with aneurysm rup
ture can result in a profound reduction in cerebral perfusion and 
global ischemic brain damage. Aside from preventing these 
same injuries resulting from aneurysm rebleeding through early 
aneurysm repair, we can only ameliorate primary SH injury by 
providing an optimal physiological environment for neural 
recovery. Surgical complications, when specifically searched 
for, emerge as an important cause of poor outcome, accounting 
for 14% of combined morbidity and mortality, and permanently 
affecting 11% of all operated patients in our series. We believe 
this rate, higher than in many previous studies, is not due to 
inferior surgery, but rather due to clear criteria followed to dis
tinguish delayed vasospasm-related ischemic deterioration from 
postoperative cerebral ischemia due to inadvertent vascular 
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occlusion, the use of an unbiased, "third-party", data collector 
rather than the operating surgeon, and finally the inherent diffi
culty of operating on acutely ruptured intracranial aneurysms, 
even in the era of microneurosurgery. The ischemic complica
tions of surgery in this series were a combination of both large 
vessel and perforator occlusions. Improvements in surgical tech
nique will bring these complications to a certain irreducible fig
ure, but to completely avoid surgical risks, alternate, endovascular 
methods of aneurysm ablation have to be considered. 

Our study is not large enough to draw statistical conclusions 
regarding the effects of such things as age,31 gender,32-33 

aneurysm location or characteristic, and various other variables 
which have been shown to affect SAH outcome in large 
studies.1529 Ours is a single-institution retrospective review, sub
ject to all of the short-falls of such a study, and it undoubtedly 
missed SAHs seen at our hospital during the study period, 
including those patients who arrived to the emergency depart
ment dead. The fatality rate we found in this series, 30% at one 
year, is below the 40% to 50% case-fatality rate that has been 
found in several recent epidemiological studies.1215-28 

However, these results do provide a local and recent baseline 
for the overall and microsurgical management results for aneurys
mal SAH diagnosed in our hospital, against which newer treat
ments, including endovascular coil embolization of aneurysm 
sacs, can be compared in an uncontrolled fashion. Recent reports 
indicate that with sufficient experience the acute complication 
rates (hemorrhage, thrombosis) associated with aneurysm coil 
occlusion will potentially equal, and for some aneurysm locations 
and types probably even improve upon microsurgical results such 
as described in our series.34"45 It may be that the more important 
criterion for the usefulness of embolic materials for aneurysm 
treatment will be their long-term effectiveness and the perma
nence of aneurysm occlusions achieved in this way. It is hoped 
that controlled studies comparing endovascular and surgical 
aneurysm repair will answer some of these important questions. 
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