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Introduction 

During the last century the population structure in Sweden has changed due 
to lowered mortality and lowered nativity, altering the shape of the “popula-
tion pyramid”. The elderly now constitute a substantial proportion of the 
population. In Sweden today, 17% of the population is 65 years or older 1. 
The improvement in the general health of the population has not only been 
evident in the longer life expectancies. Also the elderly are healthier and 
have more active life-styles today than before 2. This has increased the pos-
sibilities and the expectations to treat serious and life threatening diseases in 
higher and higher age groups. 

Subarachnoid hemorrhage (SAH) is a devastating disease with a high risk 
of mortality and morbidity 3. The incidence of SAH increases with age 4, 5, 
and along with the increasing elderly population, the number of elderly pa-
tients with SAH is increasing substantially. Only a few decades ago elderly 
SAH patients rarely received active treatment because of the poor outcome 
results 6-8. Today a more active approach in the treatment of SAH is used 
also in the elderly. However, special considerations must be made in the 
management of the elderly SAH patients: 

The frequency of concurrent diseases increases with age 9. Along with 
age-related decline in muscle mass and in cardiovascular 10, respiratory 11 
and renal function 12, elderly patients are more prone to develop organ dys-
function and are more vulnerable for complications. Furthermore, the elderly 
are less amenable to rehabilitation efforts after brain injury. 

In order to meet the imminent challenge of managing the increasing num-
ber of elderly SAH patients in the future, it is urgent to increase the knowl-
edge of different aspects of SAH specifically in the elderly. 
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Background 

General review of subarachnoid hemorrhage 

History 

In the eighteenth century, Morgagni 13 (1761) and Biumi 14 (1765) published 
the first descriptions of intracranial aneurysms. In 1813, Blackall described 
the clinical presentation and the corresponding autopsy findings of a rup-
tured intracranial aneurysm in a young woman 15. William Gull described the 
typical sudden severe headache as the presenting sign of SAH in 1859 16. In 
1875, Hutchinson described the clinical appearance of an internal carotid 
artery aneurysm with palsy of third and sixth cranial nerves and proposed 
carotid ligation as treatment 17. Cooper performed the first premeditated ca-
rotid ligation in 1805 and this technique became widely practiced during the 
nineteenth century 18. Proximal artery ligation techniques with clamps were 
further developed by Dott, Selverstone, Poppen, Crutchfield 19 and Logue 20. 
Later, direct surgical attack of the ruptured aneurysm replaced the proximal 
occlusion techniques. The technical development of cerebral angiography in 
the end of the 1920ies by Egas Moniz was important for the pre-operative 
diagnosis of intracranial aneurysms and operative planning 21. Dott con-
ducted the first planned direct surgical attack of an intracranial aneurysm in 
1931. He packed muscle against a carotid bifurcation aneurysm, which rup-
tured intra-operatively, and managed to stop the bleeding and the patient 
made an excellent recovery and had no further hemorrhages 22, 23. In 1937, 
Dandy clipped the neck of a preoperatively diagnosed aneurysm using a 
metal clip 24. Hemostatic silver clips were introduced already by Cushing in 
1911 25, but they were not suitable for aneurysms. Spring clips were devel-
oped by Schwartz and Mayfield to be appropriate for aneurysm surgery 26. 
An important contribution to the management of SAH patients was the in-
vention of the intraventricular catheter for continuous intracranial pressure 
monitoring by Nils Lundberg 27. The introduction of the operating micro-
scope in neurosurgery by Jacobson 28 was the advent of microneurosurgery. 
The field of microneurosurgical treatment of anterior and posterior circula-
tion aneurysms was developed by Yasargil 29 and Drake 30. 
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Cause 

Approximately 85% of all spontaneous SAH are caused by the rupture of an 
intracranial saccular aneurysm located on one of the basal cerebral vessels 
near the circle of Willis 31. 10% of spontaneous SAH are non-aneurysmal 
perimesencephalic hemorrhages with excellent prognosis. The remaining 5% 
are caused by a number of rare conditions such as arterial dissection, cere-
bral arteriovenous malformations, dural arteriovenous fistulas, septic aneu-
rysms, vascular lesions around the spinal cord, pituitary apoplexy, cocaine 
abuse and trauma 31. 

There is no clearly defined theory on the formation of intracranial aneu-
rysms and their pathogenesis is still debated. It is likely that the pathogenesis 
is multifactorial, involving hemodynamic stress, structural alterations in 
cerebral arteries, and genetic and environmental factors 32. It was early 
thought that intracranial aneurysms were congenital 16, or that congenital 
defects in the tunica media of the arterial wall was a prerequisite for aneu-
rysm formation 33. Others emphasized acquired changes to the internal elas-
tic lamina to be the key factor for aneurysm formation 34. However, the most 
plausible explanation is that intracranial aneurysms are formed during life 
due to degenerative changes in the cerebral arterial wall subjected to hemo-
dynamic stress caused by the pulsating blood stream at the relatively unsup-
ported arterial divisions 35.  

Evidence also supports a role of genetic factors involved in the formation 
of intracranial aneurysms. Numerous inherited connective tissue diseases 
have an increased prevalence of intracranial aneurysms and an increased risk 
of SAH, the most important being autosomal dominant polycystic kidney 
disease, Ehler-Danlos Syndrome type IV, Marfan’s syndrome and neurofi-
bromatosis type I 36. Several studies have also shown an increased risk for 
intracranial aneurysms 37-41 and SAH 39, 42, 43 in relatives of SAH patients. 
The inheritance pattern of familial intracranial aneurysms is not uniform. In 
a Finnish study on 346 families with intracranial aneurysms, the inheritance 
pattern was autosomal recessive in 57%, autosomal dominant in 36%, auto-
somal dominant with incomplete penetrance in 5.5% and in 0.9% no known 
pattern of inheritance could be elucidated 41. This implies that also other 
factors are involved in the formation of intracranial aneurysms. 

The most important modifiable risk factors for SAH consistent in several 
studies and meta-analyses are cigarette smoking 4, 44-51, hypertension 4, 45-47, 49-

54, and excessive alcohol consumption 47, 48, 51. Some studies have also impli-
cated oral contraceptives 44, low body mass index 46, serum cholesterol levels 
49, and coffee consumption more than 5 cups a day 50 to be a risk factor for 
SAH. In a systematic review, hormone replacement therapy, hypercholes-
terolemia and diabetes appeared to be risk-reducing factors while the use of 
oral contraceptives did not influence the risk of SAH and data was inconsis-
tent with level of physical activity and body mass index 51. 



 14 

Epidemiology 

The prevalence of intracranial aneurysms in the population is estimated to 
2.3%, but vary widely depending on the study design: 0.4% in retrospective 
autopsy studies to 6.0% in prospective angiography studies 55. The average 
risk of rupture of a previously unruptured aneurysm is 0.6–1.3% per year 56. 
Factors associated with increased risk of aneurysm rupture include patients 
>60 years, female gender, smoking, aneurysm size >5 mm, posterior circula-
tion aneurysm and Finnish and Japanese descent 56. 

The incidence of SAH is approximately 9/100000 person-years, but varies 
widely depending on region, gender and age 57. The incidence rates in Japan 
and Finland are much higher than in other parts of the world, whereas South 
and Central America have lower incidence rates 57. In Sweden, the overall 
incidence of SAH is 12.4/100000 person-years, and increases with latitude, 
from 11.4/100000 person-years in the southern region, over 12.8/100000 
person-years in the central region to 15.2/100000 person-years in the north-
ern region 58. Similar incidence rates of SAH in Sweden have previously 
been reported 59-61. 

Women have a higher relative risk for SAH than men do overall 57, 58. 
However, the gender difference is age-dependent. Before the age of 55 the 
incidence is higher in men then in women, but in the age group 55–85 years 
the incidence is significantly higher in women than in men 57. The incidence 
of SAH increases with advancing age 4, 5, 57, but levels off at 60 years in men 
and at 70 years in women 58, 62. 

Symptoms and diagnosis 

The presenting sign of SAH is sudden severe headache, typically described 
as “worst-ever” or “explosive”, which develops over seconds rather than 
minutes, often accompanied with nausea and vomiting. A period of altered 
consciousness or prolonged unconsciousness occurs in over half of the cases, 
and focal neurological signs may develop at the time of ictus or shortly 
thereafter. In the following hours neck stiffness, neck pain, low-grade fever 
and photophobia may develop 31. 

Computed tomography (CT) reveals the characteristically hyperdense ap-
pearance of extravasated blood in the basal cisterns, Sylvian fissures and/or the 
sulci over the brain convexities. If the history is strongly suggestive of SAH, 
but CT scanning does not reveal any subarachnoid blood, lumbar puncture 
should be undertaken before ruling out SAH. The hemoglobin in the red blood 
cell is degraded to oxyhemoglobin and bilirubin, which gives the typical yel-
low tinge (xanthochromia) to the cerebrospinal fluid (CSF) after centrifuga-
tion. On spectrophotometry absorbance is increased at 415 nm (oxyhemoglo-
bin) and 455 nm (bilirubin). It is essential to wait at least 6 and preferably 12 
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hours after ictus before performing the lumbar puncture to allow for sufficient 
red blood cell lysis and formation of oxyhemoglobin and bilirubin 31. 

The first-hand method for diagnosis of intracranial aneurysms is, nowa-
days, computed tomography angiography (CTA), which reveals most intrac-
ranial aneurysms, but the sensitivity for small aneurysms is limited 63. If 
CTA does not disclose an aneurysm but the SAH is highly suggestive of an 
intracranial aneurysm, a digital subtraction angiography (DSA) is performed. 
DSA has a higher sensitivity in detecting an intracranial aneurysm and is 
considered the gold standard for this purpose, but has a higher risk of com-
plications than CTA due to its invasive nature 64, 65. 

Natural course and overall clinical outcome 

SAH from a ruptured intracranial aneurysm is a devastating disease. Although 
it constitutes only approximately 3% of all strokes 60, it accounts for 5% of 
stroke deaths and nearly one third of potential life years lost through stroke 66. 

The mortality rate was 60% at 6 months following SAH in a community-
based study 67, and in an early study of the natural history of SAH, the mor-
tality rate was 61% at 6 months after SAH of the conservatively treated pa-
tients 68. In a hospital-based study where patients were randomly allocated to 
conservative treatment 42% were deceased at 6 months 69. 

Population-based studies generally reports higher case fatality rates than 
hospital-based studies or surgical series, because also patients never reaching 
hospital or are dead on admission and patients in such poor clinical grade 
that active treatment is not deemed feasible are included. 12–17% of all SAH 
patients die before reaching hospital 70, 71 and 20% are in too poor clinical 
condition for surgical treatment 70. 

A prospective randomized trial in the late 1950ies showed that surgical 
aneurysm treatment could alter the natural course of the disease in some 
circumstances (depending on the aneurysm location) 72-74. Since then the 
case fatality rates have improved, due to advances in management and 
treatment, but are still high. In a meta-analysis of 21 studies from 1960 to 
1992 the case fatality rates ranged between 32–67% and the case fatality 
rates had improved by 15% over these 30 years 3. The overall case fatality 
rate of SAH at 28 days was 32% in a study covering all cases of SAH in 
Sweden during 1987–2002. The case fatality rate increased steeply with age, 
reaching 70% at 1 year in patients 80 years or older 58. 

In a longitudinal study from our department, improved overall manage-
ment results over time were demonstrated when a management policy of 
early referral, modern neurointensive care protocol and early surgery in good 
grade patients was adopted. Overall mortality was reduced from 34% to 15% 
and the proportion of favorable outcome increased from 58% to 66% 75. 
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The major causes of death and disability after SAH can be attributed to 
the primary cerebral injury caused by the initial rupture, re-bleeding of the 
aneurysm and cerebral vasospasm 76-78. 

Primary brain injury 

The aneurysm rupture causes a dramatic rise in intracranial pressure (ICP) 
that may reach the level of mean arterial pressure (MAP) causing an arrest in 
the global cerebral circulation for a period of seconds to minutes, and the 
bleeding seizes 79-81. Intracranial compensatory mechanisms (movement of 
CSF to the spinal canal) decrease the ICP allowing the blood circulation to 
return to the brain. The transient cerebral circulatory arrest causes a global 
ischemia of varying degree and seems to put the brain in a vulnerable state 
more susceptible to further ischemic events. The aneurysm rupture can cause 
intracerebral hematoma (ICH) and/or intraventricular hemorrhage (IVH) in 
addition to the SAH if the jet from the aneurysm is pointed towards the brain 
parenchyma and/or ventricles. The resulting neuronal damage in the brain at 
the site of the hemorrhage is instant and irreversible. The irreversible ische-
mic and hemorrhagic injury to the brain sustained, or at least initiated, at the 
time of aneurysm rupture is defined as the primary brain injury. The duration 
of the initial unconsciousness and the neurological condition of the patient at 
the time of admission reflect the severity of the primary brain injury. 

It has been estimated that 60% of the mortality and morbidity could be 
ascribed to the primary aneurysmal rupture, while the remaining 40% could 
be ascribed to potentially avoidable causes of unfavorable outcome, such as 
re-bleeding and ischemia, causing secondary injury 82. 

Re-bleeding 

After the initial rupture of an intracranial aneurysm a plug of fibrin and 
platelets seals the rupture site and the bleeding ceases. However, this seal is 
unstable and lysis of the clot results in subsequent bleeding from the aneu-
rysm. Re-bleeding is suspected when a SAH patient experience an additional 
episode of sudden headache, loss of consciousness, sudden deterioration of 
reaction level or a sudden increase in ICP. It is a major cause of secondary 
brain damage in SAH patients and is a considerable contributor to the total 
death and disability 76-78, 82-87. 

The peak incidence of re-bleeding occurs on the same day as the initial 
bleed, the risk being highest within hours from the initial bleed and then 
declines over the next few days and weeks 88. The risk of re-bleeding within 
24 hours from the initial rupture is 9.6–17.3% 82, 89, 90, with approximately 
90% of the re-bleedings occurring within 6 hours 89, 90. The cumulative risk 
of re-bleeding within 4 weeks is between 22–42% 68, 83, 91. In one study the 
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re-bleeding was fatal in approximately 50% of the patients and another 30% 
who re-bled died within 3 months 83. 

The risk of re-bleeding is increased in patients with poor neurological 
grade on admission 85, 87, 89, 90, hypertension 89, 90, greater aneurysm diameter 
87, and associated findings such as ICH and IVH on the diagnostic CT 89, 90, 

92. The risk of further re-bleeding is significantly increased in survivors of a 
first re-bleed 83. 

The dissolution of the clot at the site of the ruptured aneurysm probably re-
sults from fibrinolytic activity in the CSF after SAH. In order to reduce the 
incidence of re-bleeds, treatment protocols using antifibrinolytic therapy, such 
as tranexamic acid, to prevent clot lysis were suggested. In a meta-analysis of 
early randomized controlled studies of this therapy, antifibrinolytic therapy 
was shown to reduce the frequency of re-bleeds, but was associated with a 
corresponding increase in poor outcome caused by cerebral ischemia. Hence 
there was no net overall clinical benefit of antifibrinolytic therapy 93. When the 
administration of tranexamic acid was restricted to the period before the aneu-
rysm was occluded and maximally until 72 hours after the SAH, the incidence 
of ultra-early re-bleeds was reduced from 10.8% to 2.4%, without increasing 
the rate of clinical ischemic manifestations or vasospasm 94. Subsequently, 
similar results in reduction of re-bleeding without an increase in ischemic 
manifestations have been reported with antifibrinolytic therapy, although in 
this study an increase of deep venous thrombosis was evident 95. 

Aneurysm treatment 

Re-bleeding is potentially an avoidable cause of death and disability since 
the risk of re-bleeding can be effectively diminished by early treatment of 
the ruptured aneurysm. Two treatment modalities are now available to ex-
clude the aneurysm from the circulation: neurosurgical clipping and en-
dovascular coiling. 

Microneurosurgical clipping is the traditional method of aneurysm treat-
ment and is the gold standard in many centers. It requires a craniotomy and 
open dissection of the cerebral vessels and clipping of the aneurysm neck, 
excluding the aneurysm from the circulation. The efficacy rate in excluding 
the aneurysm from the circulation has been reported to 92–96% 96-98. The 
recurrence rate in completely clipped aneurysms is estimated to 0.5% per 
year 96. The risk of re-bleeding from a completely clipped aneurysm is esti-
mated to 0–0.14% per year 96, 99, 100, and from an incompletely clipped aneu-
rysm (broad based or dog-ear residua) approximately 1.5% per year 96. 

To evaluate the risks of mortality and morbidity caused by the procedure 
per se, figures from studies on surgical clipping of unruptured intracranial 
aneurysms are scrutinized: The mortality rate from neurosurgical clipping is 
1–3.8%, and the morbidity rate 3.5–12% 99, 101-103. 
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The overall mortality in surgically treated SAH patients in the co-
operative study on the timing of aneurysm surgery was 14% and the morbid-
ity rate 18% 76. 

With the invention of the Guglielmi detachable coil, a detachable platinum 
coil, an alternative modality of treating intracranial aneurysms was introduced 
104. This method allowed exclusion of the aneurysm from the cerebral circula-
tion through an endovascular approach, thus offering protection from re-
rupture of the aneurysm without the need for a craniotomy. From 1995 en-
dovascular coiling of both ruptured and unruptured intracranial aneurysms has 
been extensively used and has become the first therapeutic option in some 
centers 105. The technical advances in this field has been tremendous with de-
velopment of soft coils to allow denser packing, balloon re-modeling tech-
nique 106, three-dimensional-shaped coils 107, stents for facilitating coil place-
ment in aneurysms with unfavorable geometry 108 and bioactive coils to pre-
vent aneurysm re-canalization 109, 110. The idea of offering protection against 
re-bleeding without the need of craniotomy, thus inflicting less surgical 
trauma, was early thought to be beneficial in especially elderly and poor grade 
SAH patients. Questions were raised whether this new alternative method was 
as effective as standard neurosurgical clipping in terms of aneurysm occlusion 
and protection against re-bleeding and regarding the safety of the procedure. 

With endovascular coiling several series have reported 40–55% complete 
occlusion, 35–52% near-complete occlusion and 3.5–8% incomplete occlu-
sion of the aneurysms 111-113. The rate of re-canalization has been reported to 
21–28% 113, 114. However, also progressive thrombosis of initially incom-
pletely occluded aneurysms has been reported 114. Despite the fact that the 
rate of complete occlusion is lower after endovascular than after neurosurgi-
cal treatment, the rate of re-bleeding from incompletely coiled aneurysms are 
reported in the range of 0.9–1.4% per year 111, 115. In completely occluded 
aneurysms the re-bleeding rate was 0% 111, 114, 115. 

In a meta-analysis of 30 studies of endovascular coiling of unruptured in-
tracranial aneurysms comprising 1379 patients the mortality rate was 0.6% 
(Range 0–5%) and the morbidity rate 7% (Range 0–20%) 115. 

Thus endovascular coiling seems to be safer than neurosurgical clipping 
in terms of procedure-related mortality and morbidity, but offers a lower rate 
of complete occlusion of the aneurysm. 

The notion that endovascular coiling is safer than surgical clipping was 
reinforced by the International Subarachnoid Aneurysm Trial (ISAT), which 
demonstrated an absolute risk reduction of dependence or death of 6.9% at 1 
year with a policy of endovascular aneurysm treatment 116. Analyses of the 
treatment effects in the pre-specified subgroups in ISAT were heterogeneous 
and difficult to interpret, mainly because of small numbers in the subgroups. 
There was no indication that neurosurgical aneurysm treatment would be 
more beneficial in any of the subgroups that would offset the main finding of 
the study 117. 
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Cerebral vasospasm 

The exact etiology of cerebral vasospasm is not known. Arterial narrowing 
occurs when free subarachnoid blood encounters the large cerebral vessels in 
the basal cisterns. The delayed onset of vasospasm points in the direction 
that degradation products from lysis of the erythrocytes and the release of 
oxyhemoglobin and breakdown products, such as hemin, iron, bilirubin and 
globin chains, are necessary for its development. Other compounds have also 
been implicated in the development of vasospasm, such as platelet contents, 
leukocytes and inflammatory mediators, products of the coagulation cascade, 
free radicals, amines, lipids, and endothelin and reduction in nitric oxide 118. 
A complex interplay of several mechanisms results in prolonged contraction 
of the smooth muscle cells and intimal and medial thickening of cerebral 
arteries resulting in arterial narrowing. This may lead to progressively lower 
cerebral blood flow (CBF) resulting in cerebral ischemia and infarction if 
CBF is reduced for a significant time. 

Different terms are used to describe the different features of this condi-
tion. Angiographical (or radiological) vasospasm refers to the arterial nar-
rowing seen on cerebral angiography, most frequently 4–12 days after the 
SAH. The peak incidence is on day 7 after the SAH, and the onset of an-
giographical vasospasm more than 14 days after the SAH is rare 118. The 
incidence of angiographical vasospasm at some point during the first two 
weeks after the SAH is approximately 70% 119, but is dependent on the tim-
ing of the angiography in relation to the SAH 76. 

Clinical vasospasm is clinically characterized by delayed onset of confu-
sion or decreased level of consciousness with or without focal neurological 
signs such as motor deficits or dysphasia. The term delayed ischemic neuro-
logical deficit (DIND) is used interchangeable with clinical vasospasm. The 
diagnosis of clinical vasospasm or DIND is made by exclusion of other pos-
sible causes of neurological deterioration, such as cerebral edema, hydro-
cephalus, infarct, hematoma, and electrolyte and metabolic abnormalities. 
Approximately 20–35 % of all patients with SAH develop DIND 76, 119-123, 
and the peak incidence is on day 8 after the SAH 118. 

In one multi-center study cerebral vasospasm was identified as the cause 
of death in 7% and the cause of disability in 6% of the patients 76. In a Swed-
ish study, cerebral vasospasm was the cause of poor outcome (death and 
disability) in 11% 124. 

The amount of subarachnoid blood in the basal cisterns correlates to the 
incidence of cerebral vasospasm 123, 125-129, and to delayed cerebral infarction 
130-132. IVH may have an additive effect on the risk of vasospasm 123, 127. Also 
the neurological grade on admission correlates with the incidence of vaso-
spasm. Patients in poor neurological grade have a higher incidence of vaso-
spasm 127-129. Furthermore, the duration of unconsciousness after the initial 
bleed was an important risk factor for the development of DIND in one 
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study. The patients who were unconscious �1 hour after the onset of SAH 
had a 6-fold increase in the risk of DIND compared to the patients who were 
awake or were unconscious <1 hour 121. 

Treatment of vasospasm 

Although, several candidate drugs (tirilazad 133, aspirin 134-136, enoxaparin 137) 
have been tested for the treatment of cerebral vasospasm over the years, 
nearly all trials so far have failed to prove efficacy in reducing the mortality 
and morbidity from cerebral vasospasm. The only drug in clinical use today 
for the prevention of cerebral vasospasm is nimodipine, a calcium channel 
blocker, which has been shown to reduce the risk of poor outcome and sec-
ondary ischemia after aneurysmal SAH 138, 139. 

Ongoing investigations on clazosentan, an endothelin receptor antagonist, 
have shown reduced angiographical vasospasm 140, 141, but statistical signifi-
cant reduction in poor clinical outcome could not be proven 141. A larger trial 
designed to evaluate the effects of clazosentan on vasospasm-related morbid-
ity and mortality (CONSCIOUS-2) is in progress. 

A meta-analysis of 3 small randomized studies of statins for the preven-
tion of vasospasm, has shown that statins decrease the incidence of vaso-
spasm and DIND and reduce mortality 142. There is currently an on-going 
multi-center placebo-controlled double-blinded phase III trial assessing the 
clinical benefit of simvastatin in aneurysmal SAH (STASH) 143. 

Another measure taken when cerebral vasospasm is clinically evident or 
proven by cerebral angiography is the hypertensive, hypervolemic and he-
modilution therapy (triple-H-therapy or hemodynamic therapy). The theo-
retical rationale for this therapy is to improve the CBF to ischemic areas of 
the brain by increasing the cerebral perfusion pressure, counteract arterial 
narrowing and optimize blood rheology, thus improving the delivery of oxy-
gen and glucose to the cerebral tissue. Various protocols for this therapy 
have been described, using different monitoring devices and target values of 
physiological variables 144-147. The hypertension, hypervolemia and hemodi-
lution is accomplished by infusing synthetic colloids, such as dextrans, hex-
astarch or gelatins, or albumin and crystalloids to increase the intravascular 
volume and reduce the hematocrit to 33–35%. If the effect on blood pressure 
is inadequate, vasoactive inotropic drugs are administered to increase sys-
tolic blood pressure to desired levels. Hemodynamic therapy was shown to 
achieve prolonged elevation of systemic blood pressure and reversal of is-
chemic deficits in early uncontrolled studies 148-151. Also, in pseudo-
randomized and controlled non-randomized studies, triple-H-therapy re-
duced the risk of vasospasm 152-154 and improved outcome 154. Triple-H-
therapy is accompanied with a 10–20% risk for intra- and extracranial com-
plications, such as cerebral edema, hemorrhagic infarction in previous areas 
of ischemia, aneurysmal re-bleeding of unsecured aneurysms, pulmonary 
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edema, myocardial infarction, cardiac failure, dilutional hyponatriema and 
coagulopathy 144, 146. Triple-H-therapy has become a widely used therapeutic 
option to counteract the effects of cerebral vasospasm after SAH, and in 
some centers triple-H-therapy is given prophylactically to all patients after 
securing the aneurysm. However, the efficacy of prophylactic triple-H-
therapy to reduce the incidence of DIND, improve CBF and improve out-
come has not been proven in 2 small randomized controlled trials 155-157. 

Improvement and refinement of endovascular therapies (balloon angio-
plasty 158 and intra-arterial injection of nimodipine 159 and papaverine 160) 
may prove to be an alternative to medical treatment of vasospasm in patients 
with severe refractory vasospasm 161. 

Secondary insult concept 

SAH patients who have survived the initial bleed in good clinical condition 
with little or no neurological impairment are still at risk for a devastating 
clinical course and poor outcome due to complications causing secondary 
brain injury. Parallels can be drawn to patients with traumatic brain injury 
(TBI) who talk and die 162, in whom potentially avoidable secondary compli-
cations were implicated in the development of secondary brain damage, 
clinical deterioration and death 162, 163. In SAH the major causes for a “talk 
and die”-scenario are re-bleeding from the ruptured aneurysm and cerebral 
vasospasm causing secondary cerebral ischemia. 

Also other unfavorable events may be implicated in causing secondary 
cerebral ischemia after SAH. The hypothesis is that cerebral vasospasm is 
only one of several pathophysiological processes leading to secondary cere-
bral ischemia after SAH 164, 165. Rather several unfavorable factors – secon-
dary insults – interact and augment each other in a complex interplay that 
ultimately leads to ischemia and poor outcome. A pilot study from our de-
partment showed that secondary insults were implicated in cases with poor 
outcome also in SAH 164. Ischemia is the result of insufficient CBF in rela-
tion to the metabolic demands, which means that ischemia can be caused by 
decreased CBF or increased energy metabolism or both. The potential 
mechanisms leading to secondary ischemia in SAH are schematically shown 
in figure 1 and discussed below. 
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Increased ICP

• Rebleeding
• ICH
• IVH
• Hydrocephalus
• Edema
• Seizures
• Pyrexia

Ischemia

  Increased metabolism

• Seizures
• Pyrexia

   Decreased CBF

• Increased ICP

• Vasospasm
• Hypotension
• Surgery

• Hypoxemia

 
Figure 1 Mechanisms of secondary ischemia in SAH 

In the normal brain CBF is maintained at an adequate level through several 
regulating mechanisms. Cerebral autoregulation maintains a relatively con-
stant CBF over a wide range of cerebral perfusion pressures (CPP). Decreas-
ing CPP below the normal limits of autoregulation will result in a steep fall 
in CBF. However, the autoregulation mechanism may be disturbed or even 
absent after SAH 166-168. This may cause the CBF to be directly dependent on 
the CPP. Reduction in the CBF can be global or regional/local. Reduction of 
global CBF is caused by inadequate CPP, due to elevated ICP or reduced 
MAP, or widespread cerebral vasospasm. Regional decreases in CBF can be 
the result of regional cerebral vasospasm, local mass effect of a hematoma, 
thrombo-embolic events and/or surgical trauma. 

Early after aneurysm rupture elevated ICP is common in SAH patients 
and may have several causes: 15–23% of SAH patients have acute hydro-
cephalus on the diagnostic CT 76, 169-171. Factors associated with acute hydro-
cephalus after SAH are IVH, which is present in about 13–17% of the pa-
tients 75, 76, and the amount of subarachnoid blood in the basal cisterns 171. 
Acute hydrocephalus and its effect on intracranial dynamics can be effec-
tively diminished by placement of a ventriculostomy and CSF drainage 169. It 
has been suggested that this would increase the risk of re-bleeding from the 
ruptured aneurysm 172. However in a controlled study, the risk of re-bleeding 
from the ruptured aneurysm was not increased after placement of a ventricu-
lostomy 173. In 17–25% of aneurysmal SAH patients an ICH is present 76, 92, 

174, and sometimes a subdural hematoma (SDH) may be present concomi-
tantly with the SAH. ICH in SAH patients is associated with poorer clinical 
grade on admission and worse clinical outcome 76, 92, 174. Expansive ICH and 
SDH can give rise to elevated ICP, which may necessitate immediate surgi-
cal evacuation in order to normalize ICP. Persistent elevated ICP causes 
global ischemia, but with localized lesions such as ICH and SDH also focal 
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ischemia can ensue. If untreated, ischemic areas may develop to expansive 
cerebral infarctions, which in turn may elevate ICP further. 

Hypoxemia aggravates cerebral ischemic conditions and is therefore re-
garded as a secondary insult. PaO2 levels below 8.0 kPa has been shown to 
dramatically increase CBF and the cerebral blood volume, which may lead 
to increased ICP 175. Hypoxemia may ensue from several situations in SAH: 
obstructed airway and poor ventilation in unconscious patients, aspiration, 
ventilator-associated pneumonia, pulmonary atelectasis and cardiac failure 
with pulmonary edema 176. 

In the acute stage after SAH, hyperglycemia is common and may be related 
to the stress response after aneurysm rupture. Hyperglycemia is associated 
with worse outcome after SAH 177-185. Hyperglycemia combined with cerebral 
ischemia results in glucose utilization via accelerated anaerobic glycolysis 
leading to lactic acidosis, and in increased oxidative stress, which exacerbates 
and accelerates brain damage 186. Hyperglycemia also has pro-
vasoconstrictive, pro-thrombotic and pro-inflammatory effects on the cerebral 
vasculature 187, which may contribute to the development of brain damage. 

Even modest elevations of body temperature have been shown to aggravate 
ischemic brain damage in experimental brain ischemia and trauma models as 
well as after acute ischemic stroke 188. Pyrexia after SAH is associated with 
worse clinical outcome 185, 189, 190. In neurointensive care of SAH patients there 
are several causes for pyrexia: aseptic meningitis due to the subarachnoid 
blood, and infections, such as meningitis, pneumonia and septicemia. Epileptic 
seizures in the acute stage after SAH are common 191. Pyrexia and epileptic 
seizures increase the cerebral metabolic rate, thus increasing the demand of 
oxygen and glucose delivery by increased CBF. In a situation where the CBF 
cannot be further increased to meet the demands of the increased metabolism, 
ischemia will ensue. Furthermore, pyrexia and seizures increase the cerebral 
blood volume, which may lead to increased ICP. In turn the elevation of ICP 
results in a reduction of CBF ultimately leading to further aggravation of is-
chemia. This illustrates how different secondary insults may lead to and ag-
gravate each other in a complex interplay ultimately leading to cerebral ische-
mia and worse clinical outcome (Figure 1). 

Neurointensive care 

The goal of neurointensive care (NIC) is to prevent secondary ischemic 
damage to the brain and thereby improve the overall clinical outcome. The 
aim is to control intracranial dynamics and to maintain normal body physiol-
ogy. Special attention is paid to prevention, early diagnosis and intensive 
management of factors contributing to secondary ischemic brain damage – 
secondary insults. The neurosurgical department at the Uppsala University 
Hospital gradually adopted the principles of NIC from the mid-eighties, and 
a special neurointensive care unit (NICU) was inaugurated in 1990. Im-
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proved survival after TBI 192, 193 and SAH in patients of all ages 75 has been 
reported from the department. The principles of neurointensive care has fur-
ther developed to a standardized protocol system containing written stan-
dardized operative procedures regarding both basic nursing and medical 
treatment of complications of TBI and SAH 165, 194. 

Subarachnoid hemorrhage in the elderly 
Elderly patients with SAH have a higher risk of an unfavorable clinical out-
come than younger patients 76, 195-205. Reasons for worse outcome is thought 
to be caused by less active management and conservative referral patterns 206, 

207, poorer clinical grades on admission 197, 200, 204, 208, higher frequency of co-
morbidity 9, 199, 204 and increased incidence of severe complications 204. Mul-
tivariate analysis of overall outcome, adjusted for different prognostic fac-
tors, revealed that high age per se was a negative prognostic factor, suggest-
ing that the aging brain have less optimal response to the initial bleeding 204. 

Physiological effects of normal aging 

When managing elderly patients with intracranial disease, such as SAH, age-
related physiological changes in other vital organ systems must also be con-
sidered 176, 209. 

The effects of aging in the cardiovascular system include a decrease in 
elasticity and reduced compliance of the vasculature, reduced responsiveness 
to beta-adrenergic receptor stimulation, decreased reactivity to baro- and 
chemoreceptors and an increase in circulating catecholamines. This leads to 
an increased afterload, increased systolic blood pressure and left ventricular 
hypertrophy 10. Alpha-adrenergic effects on the vasculature predominate 
resulting in vasoconstriction, resting cardiac output declines and cardiovas-
cular performance under stress is reduced. 

Age-related changes of the respiratory system include decreased total res-
piratory system (lung and chest wall) compliance and decline in arterial oxy-
genation, due to a decreased diffusion capacity caused by increased ventila-
tion/perfusion mismatching and reduced alveolar surface area. Altogether, 
age-related alterations of the respiratory system cause a reduced pulmonary 
reserve rendering the elderly patient more susceptible to respiratory compli-
cations in situations of positive fluid balance, increased metabolic demands, 
and prolonged bed rest during intensive care. Increased sensitivity to respira-
tory depressants and muscle weakness in the elderly further increase the risk 
of respiratory complications. Elderly patients have an increased risk of respi-
ratory failure requiring mechanical ventilation after surgery and a higher risk 
of long-term ventilator dependency in intensive care 11. 
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Aging is accompanied by a decline in liver volume but the clinical signifi-
cance of this alteration is unclear and liver function tests have not shown age-
related deficits. The rate of liver regeneration after injury decreases, which 
may increase the rate of progression of hepatic dysfunction in the elderly 210. 

The renal mass and the renal blood flow decrease with age. The loss of 
renal volume is attributed to a reduction in the number of functioning glo-
meruli accompanied by a reduction in the glomerular filtration rate, limita-
tions in sodium conservation, and potassium and acid excretion. Under nor-
mal conditions most elderly individuals can maintain normal fluid and elec-
trolyte homeostasis despite these changes. However the reserve to withstand 
disease-related or iatrogenic stress becomes progressively smaller with age 
and may lead to disturbance in water and electrolyte homeostasis 12. 

Aging causes a gradual decrease of bone density, decrease in the amount 
and number of muscle fibers and connective tissue within tendons and liga-
ment become stiffer and more brittle. The resulting decreased muscle 
strength has implications for the respiratory system in the intensive care 
setting and may impede rehabilitation after SAH. 

All together, the total effects of aging on vital extracranial organ systems 
render the elderly patient more susceptible to dysfunction of several vital 
organs and more vulnerable for complications. 

With normal aging the functional metabolism of the brain and its blood 
supply decline. This accounts for the widespread clinical observations that 
the elderly tolerate disorders of the brain worse than the young do 211. The 
decline in CBF may be secondary to the age-related increase in atherosclero-
sis, which results in increased cerebrovascular resistance, reduced elasticity 
and contractility of small arteries and arterioles 212, and the cerebral vasomo-
tor reactivity declines 211. 

In addition to the normal aging processes causing decline in organ func-
tion, the incidence of several diseases with systemic involvement increase 
with age, causing further dysfunction of vital organs. 

Conservative management in the elderly 

The management of SAH in the elderly has changed considerably in the last 
decades. Thirty years ago, elderly patients were at a rule treated conserva-
tively on the basis of their advanced age alone and inevitably suffered a poor 
outcome 6. It was argued that intracranial investigations and surgery was not 
justifiable in elderly patients, due to poor surgical results compared to con-
servative treatment in this age group 7, 8. 

Neurosurgical aneurysm treatment in the elderly 

Some authors argued that selected elderly patients would benefit from surgi-
cal repair of their aneurysm 213, 214. In Hugosson’s series from Uppsala in 
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1973, 43 SAH patients aged 60–68 years were surgically treated. The surgi-
cal mortality was 9% and 66% were symptom-free and 13% had minor dis-
abilities after 9 years. He argued that even elderly patients with ruptured 
intracranial aneurysms could be surgically treated with good results if some 
contraindications were observed. These were prolonged initial unconscious-
ness in association with the SAH, prior clinical signs of arteriosclerosis and 
angiographically verified arteriosclerosis in the cerebral vessels 213. 

The early studies showing that surgical aneurysm treatment was feasible 
in the elderly, were followed by others supporting that good grade elderly 
SAH patients should be actively treated 215, 216. In one study it was demon-
strated that the difference in total outcome between elderly and younger 
patients could to a certain extent be explained by significantly poorer condi-
tion on admission in the elderly patients 206. The demonstration of the benefit 
of surgical treatment in elderly patients resulted in the view that elderly 
should not be withheld surgery based on their advanced age alone 197. 

Improved management outcome in elderly patients was demonstrated 
when more elderly patients were actively treated 200. The outcome results in 
good grade elderly SAH patients are approaching those in younger patients 
217, and surgery has been considered even in the patients older than 80 years 
with variable results 218, 219. Despite the improved management of selected 
elderly SAH patients, overall outcome is still worse in the elderly, especially 
in the higher age groups and worse clinical grades 204. Thus, the possibility to 
treat more elderly SAH patients needs to be studied further. 

Endovascular aneurysm treatment in the elderly 

In the prospect of reducing the risk of re-bleeding without the need for cra-
niotomy, thus inflicting less surgical trauma, endovascular coiling was con-
ceived as a promising alternative to neurosurgery, especially in elderly and 
poor grade patients 220, 221. 

In two relatively small studies of elderly patients in good clinical grade, 
endovascular coiling was found to be a safe way of securing ruptured and 
unruptured aneurysms with good technical and functional outcome 222, 223. 
Endovascular coiling was suggested to be the treatment of choice for acutely 
ruptured aneurysms in the elderly 223. In another series, clinical outcome 
after endovascular coiling in elderly SAH patients of all clinical grades was 
compared with a younger age group. The outcome results after endovascular 
coiling in elderly patients were comparable to those obtained in the best sur-
gical series of elderly SAH patients but worse than in the younger patients 
224. Endovascular coiling was found to be an effective means of preventing 
re-bleeding and represent an alternative to surgical aneurysm treatment in 
the elderly. However, the risk of intraprocedural complications during en-
dovascular coiling, especially thrombo-embolic, was higher in the elderly 
age group than in the younger patients 224. 
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Although technical feasibility and favorable outcome results of endovas-
cular coiling in selected elderly SAH patients have been shown in small se-
ries the results of endovascular coiling in elderly patients remain to be 
evaluated in a larger series of patients. Also direct comparison between en-
dovascular and neurosurgical aneurysm treatment in the elderly needs to be 
evaluated in a randomized trial. 

Possible advantage of neurointensive care in the elderly 

The introduction of NIC has contributed to the improved management re-
sults of SAH in patients of all ages 75. The improved outcome can be attrib-
uted to the early detection and treatment of secondary complications of 
SAH, thus avoiding secondary brain damage, which is the fundamental prin-
ciple of NIC 165. With the introduction of endovascular aneurysm procedures 
as a standard treatment, even elderly patients in poor neurological grade 
could be subjected to early aneurysm treatment. Thus, elderly patients in 
poor neurological grade can be admitted early and receive full neurointen-
sive care treatment. Therefore, it is important to investigate if modern neuro-
surgical management principles with early aneurysm treatment and neuroin-
tensive care are meaningful also in elderly patients with severe SAH. 

It is possible that neurointensive care has an even more important role in 
the elderly than in younger patients, since elderly patients are more vulner-
able and more prone to develop complications. It is therefore desirable to 
learn more about secondary insults and neurointensive care specifically for 
elderly SAH patients. 

Cerebral vasospasm in the elderly 

Some studies have suggested that age is inversely related to the risk of vaso-
spasm 129, 177, 225-228, while others have shown no effect of age 229. The re-
ported lower incidence of vasospasm in older patients may be secondary to 
the age-related increase in atherosclerosis, which results in impairment of 
contractility and elasticity of the muscle wall of small arteries and arterioles 
211, 212. This seems to be a reasonable explanation for the lower risk of DIND 
in the elderly, however data are conflicting. The definition of vasospasm and 
the method of proving vasospasm are not uniform in different studies. Also 
most previous reports are retrospective studies, which makes interpretation 
difficult. It would therefore be valuable to study the effect of age on the risk 
for cerebral vasospasm, using several definitions of vasospasm in the same 
prospective cohort of patients. 
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Aims of the investigations 

General aim  
The general aim of this thesis was to explore different aspects of the man-
agement of subarachnoid hemorrhage specifically in elderly patients. 

Specific aims 

To evaluate if the population of elderly SAH patients admitted to a neuro-
surgical unit had changed over time, and whether altered management prin-
ciples had improved functional outcome in this age group. (Paper I) 

To evaluate clinical outcome, complication frequency and occlusion degree of the 
ruptured aneurysm after endovascular coiling in elderly SAH patients. (Paper II) 

To compare endovascular coiling with neurosurgical aneurysm treatment in 
elderly SAH patients in regard to functional outcome, procedural complica-
tion rates and frequency of adverse events. (Paper III) 

To investigate the occurrence of secondary insults during neurointensive 
care and their association with admission characteristics and outcome of 
SAH patients, using a computerized multi-modality monitoring system, as a 
basis for subsequent studies specifically in elderly patients. (Paper IV) 

To investigate the functional outcome and describe the occurrence of secon-
dary insults in elderly patients with severe SAH compared to younger pa-
tients, and to explore which clinical characteristics and treatment variables 
that may explain possible age-dependent differences. (Paper V) 

To investigate age-dependent differences in the incidence of radiological 
vasospasm, clinical vasospasm and abnormal transcranial Doppler (TCD) 
measurements indicative of cerebral vasospasm. (Paper VI) 
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Materials and Methods 

Paper I 

Patients 

All patients with aneurysmal SAH, 65 years or older, admitted to the neuro-
surgical department in Uppsala with an intention to treat between January 1, 
1981 and December 31, 1998 were included in the study. 

Data collection 

Patient characteristics, such as sex, age, neurological grade on admission, the 
amount of blood on the diagnostic CT and treatment data were retrospectively 
recorded from the patients’ medical records according to a pre-defined protocol. 
Neurological grade on admission was classified according to Hunt and Hess 
(H&H) 230 (Table 2, page 37) and the amount and distribution of subarachnoid 
blood was assessed according to Fisher’s scale 125 (Table 4, page 38). 

Follow-up was conducted 1–10 years after SAH (Mean 3.6 years), ac-
cording to the Glasgow Outcome Scale (GOS) 231 (Table 5, page 39). The 
clinical outcome in the patients alive at follow-up was based on written in-
terviews with the patients or their relatives. Mortality figures were gathered 
from the Swedish National Death Register. SAH was considered the cause of 
death in all patients dying within 3 months after the hemorrhage, and in 
those who died later when death was related to the SAH. In the patients who 
were considered to have died of unrelated causes, the clinical outcome was 
based on their pre-existing physical and neurological status. 

Statistical analyses 

The 18-year period was divided into three periods of 6 years, Period A 
1981–86, period B 1987–92, and period C 1993–98. Univariate analyses of 
changes over time were made comparing period A and period C. GOS scores 
were grouped as favorable (good recovery and moderate disability), severe 
disability, and poor (vegetative state and dead). Non-parametric methods 
were used, and a p-value <0.05 was considered statistically significant. 

A multivariate logistic regression model was fitted for each of the two 
outcomes: poor and favorable outcome. The method implemented in S-Plus 
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(Insightful corp.) was used. The initial model fit contained admission vari-
ables (sex, age and Hunt and Hess grade), time period and treatment vari-
ables (use of ventriculostomy and timing of aneurysm treatment) as explana-
tory variables. The final model included all admission variables, time period 
and treatment variables that were significant. 

Paper II 

Patients 

All SAH patients, 65 years or older, admitted to the neurosurgical depart-
ment in Uppsala between September 1, 1996 and December 31, 2000, in 
whom endovascular coiling was chosen as the first line of treatment for the 
ruptured aneurysm were included in the study. 

Data collection 

Patient characteristics, such as sex, age, time of SAH, time of admission, 
Hunt and Hess grade 230(Table 2, page 37), Fisher grade 125 (Table 4, page 
38) and treatment variables were collected from the neurovascular database 
established at the NICU. 

Procedural reports from the endovascular treatment were reviewed for in-
formation about aneurysm(s) treated, technical success, timing of treatment, 
angiographic occlusion degree, and procedural complications. The an-
giographic occlusion degree was based on the final angiogram during the 
endovascular procedure and categorized into 5 groups based on location of 
possible remnant: complete occlusion, neck remnant, residual filling, and 
other remnant and not treated. The term neck remnant was used when the 
neck of the aneurysm could not be packed with coils, and residual filling 
refers to the aneurysm not being densely packed. Other remnant refers to an 
aneurysm remnant that could not be otherwise classified. 

Procedural complications during endovascular treatment were registered as 
aneurysm rupture, unintentional parent artery occlusion, other artery occlusion 
due to thrombo-embolism, coil migration and intraluminal coil protrusion. 

Data on clinical outcome at 6 months after SAH were obtained from writ-
ten structured interviews with the patients or their close relatives, and classi-
fied according to GOS 231 (Table 5, page 39). 

Statistical analyses 

Univariate analysis of admission and treatment variables effect on outcome 
was performed using a chi-square test. All variables were categorical. GOS 
scores were grouped as favorable (good recovery and moderate disability), 
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severe disability, and poor (vegetative state and dead). A p-value <0.05 was 
considered statistically significant. 

A multivariate logistic regression model was fitted with favorable out-
come as the dependent variable. The initial model fit contained admission 
variables (Hunt and Hess grade, age and Fisher grade) and treatment vari-
ables (use of ventriculostomy, treatment day, aneurysm location and occur-
rence of any procedural complication) as explanatory variables. All variables 
were categorical except age and treatment day, which were continuous. 
Variables were removed in a backward elimination manner based on the p-
value. The final model included admission and treatment variables that were 
considered statistically significant (p<0.05), or were marginally significant 
(0.05<p<0.10). All statistical analyses were performed using commercially 
available software (StatSoft, Inc. (2001). STATISTICA (data analysis soft-
ware system), version 6. www.statsoft.com.). 

Paper III 

Patients 

The patients included in paper III were a subgroup of all patients who were 65 
years or older at the time of hemorrhage included in the International Subarach-
noid Aneurysm Trial. The ISAT study protocol including randomization proce-
dures is previously published 116. In summary, eligible patients had SAH due to 
a ruptured aneurysm, which was suitable for both neurosurgical clipping and 
endovascular coiling, and there was uncertainty as to whether the aneurysm 
should be treated by neurosurgical or endovascular means. 

Data collection 

Key baseline characteristics were recorded before the treatment allocation 
was issued. These were age, sex, clinical grade on the World Federation of 
Neurological Surgeons (WFNS) scale 232 (Table 3, page 38), size and loca-
tion of the target aneurysm, and Fisher grade 125 (Table 4, page 38). Ran-
domization to endovascular or neurosurgical treatment was done through a 
24-hours telephone randomization service, provided by the Clinical Trial 
Unit at the University of Oxford. A minimization algorithm based on the 
baseline characteristics was used to ensure balance between the two groups. 

Data were collected and reported on specific case record forms, regarding 
technical success and procedural complications for endovascular and neuro-
surgical procedures as well as any adverse events and additional procedures 
after the time of randomization during the first admission. 

Procedural complications recorded during endovascular treatment were 
aneurysm rupture, parent artery occlusion, the use of thrombolytic agent and 
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coil migration. During neurosurgical clipping the following procedural com-
plications were recorded: aneurysm rupture, parent artery occlusion and the 
use of temporary clips. Upon waking the patient after anesthesia from either 
treatment, neurological deterioration was defined as the patient’s WFNS 
grade being lower after than before the procedure or if a neurological deficit 
was present. If the deficit was thought to be of thrombo-embolic nature this 
was specifically recorded. 

The recorded adverse events were pre- and post-procedural re-bleeding, de-
layed ischemic neurological deficit, hydrocephalus, epilepsy, infection, cere-
bral hematoma, pulmonary complications, serious groin hematoma and severe 
headache. The main outcome measure was a modified Rankin scale 233 as-
sessed at 1 year after the hemorrhage (Table 6, page 39). 

The data were extracted from the ISAT database on November 9, 2005, and 
include some selected data on all 278 randomized patients aged 65 or older. 

Statistical analyses 

Comparisons between the endovascular and the neurosurgical group were 
made on an intention to treat basis. If a patient crossed over from one treat-
ment modality to the other, they were analyzed in the group in which they 
were allocated based on the randomization result. However, comparison of 
procedural complications was made between the actual treatment groups. 

In the outcome analyses modified Rankin scores were dichotomized into 
Rankin 0–2 (Independent survival) and Rankin 3–6 (Dependency or death) 
(Table 6, page 39). Categorical data were examined by chi-square statistics. 
The Mann-Whitney U test was used to compare the non-normally distributed 
data, and Student’s t test was used to compare normally distributed data. All 
analyses were done with commercially available software (StatSoft, Inc. 
(2005). STATISTICA (data analysis software system), version 7.1. 
www.statsoft.com). 

Papers IV and V 

Patients 

The patients eligible for inclusion in the papers IV and V were admitted to 
the NICU at the Uppsala University Hospital between January 1999 and 
December 2002 with SAH caused by a ruptured aneurysm. For inclusion, 
treatment with ventriculostomy was required. Further, the patients had to 
have a minimum of 120 hours (5 days) of valid multi-modality monitoring 
data for ICP, CPP, MAP and systolic blood pressure (BPs) within the first 
240 hours (10 days) following the SAH. Furthermore, two subgroups were 
created, in which patients with a minimum of 120 hours of valid monitoring 
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data for arterial oxygen saturation (SpO2) and body temperature (T°), respec-
tively, within the first 240 hours after the initial bleed was added to the ini-
tial inclusion criteria. In paper V patients �65 years were analyzed specifi-
cally. The general policy during this period was to admit elderly patients 
who were previously relatively healthy and conscious at the primary evalua-
tion at the referring hospital. 

Data collection 

Patient characteristics, such as sex, age, time of SAH, time of admission, 
Hunt and Hess grade (Table 2, page 37) and Fisher grade (Table 4, page 38) 
on the diagnostic CT and various treatment variables were collected from the 
neurovascular database established at the NICU. 

At the NICU in Uppsala a computerized multi-modality monitoring sys-
tem to collect and store physiological data has been in use and developed 
since 1998 234. Specialized software saves one value per minute for each 
monitored physiological parameter and patient in a database. The minute by 
minute value is an average of the values received by the system for that min-
ute. The data collection is interrupted when patients leave the NICU for ra-
diology examinations or surgical procedures. Data collection could also be 
discontinued due to software, network or system failures. Subtracting these 
gaps in the data collection and the data judged to be artifacts from the total 
monitoring time yields the good monitoring time (GMT). 

All monitoring data was screened manually to disclose artifacts. The pa-
tients’ records were used to confirm or reject questionable values 235. If the 
records could not verify abnormal values as true or false, the policy was to 
leave the data as valid. In the patients who were declared brain dead in the 
NICU all data was marked invalid from the time point when the patient was 
no longer receiving active treatment against secondary insults. This was 
done to avoid including insult values from a period when a patient was no 
longer receiving active treatment. 

Thresholds for secondary insults in SAH were derived based on the 
treatment goal for ICP, MAP, BPs, CPP, T° and SpO2, and previous work at 
our department in TBI (Table 1). The amount of secondary insult was calcu-
lated as the time spent within an insult level divided by the GMT for each 
parameter and patient and is presented as percent of GMT. 



 34 

 
Variable Treatment goal Insult Severe insult 
ICP (mm Hg) <15–20 �20 �25 
CPP (mm Hg) >60 

Individual 
�60 

>100 
�55 

>110 
MAP (mm Hg) Individual 

Individual 
�80 

>120 
�70 

>130 
BPs (mm Hg) Individual 

Individual 
�110 
>180 

�100 
>200 

T° (°C) <38 �38 �39 
SpO2 (%) >95 <95 <90 

Table 1 Secondary insult definitions 
ICP, intracranial pressure; CPP, cerebral perfusion pressure; MAP, mean arterial 
pressure; BPs, systolic blood pressure; T°, body temperature; SpO2, arterial oxygen 
saturation 

Functional outcome 6 months after the SAH was obtained by written struc-
tured interviews with the patients or their close relatives, and classified ac-
cording to GOS 231 (Table 5, page 39). In paper IV, an additional dichoto-
mized outcome measure, “Clinical course outcome”, was constructed based 
on the clinical course of each patient in analogy to the “talk and die” concept 
162. Patients who were awake (GCS-M 6) on admission but deteriorated 
clinically and were unconscious (GCS-M �5) at discharge, and all patients 
who died in the NICU were assigned to the “deteriorated” group. Patients 
who were unchanged or improved neurologically were assigned to the “Im-
proved or unchanged” group. 

Statistical analyses (Paper IV) 

Logistic regression modeling was used to analyze the effect of each admis-
sion and treatment and secondary insult variable on both of the two outcome 
measures, functional outcome and clinical course outcome. All admission 
and treatment variables and all secondary insult variables were analyzed 
with univariate logistic regression with the functional outcome “independ-
ent” or the clinical course outcome “deteriorated” as the dependent variable, 
respectively. Admission and treatment variables were categorical and secon-
dary insult variables were continuous. The admission and treatment variables 
and secondary insult variables that were significant in the univariate analyses 
were included as explanatory variables in a multivariate logistic regression 
model. Explanatory variables were removed in backward elimination manner 
based on the p-value. The final model included explanatory variables that 
were considered significant (p<0.05). 
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Statistical analyses (Paper V) 

A chi-square test was used to compare functional outcome between younger 
(<65 years) and elderly patients (≥65 years) and for comparisons of clinical 
and treatment variables between different age groups: <55 years, 55–64 
years and ≥65 years. The occurrence of secondary insults, expressed as per-
cent of GMT, was compared between three age groups (<55 years, 55–64 
years and ≥65 years) with the Mann-Whitney U test and Kruskal-Wallis 
ANOVA. 

Logistic regression modeling was used to analyze the effect of clinical 
and treatment variables on each of the secondary insult variables. For this 
purpose each secondary insult variable was dichotomized based on the me-
dian percent of GMT with insult of all patients. In this manner half of the 
patients were considered to have had the secondary insult in larger quantity 
and half of the patients were considered to have had the secondary insult in 
smaller quantity. The median percent of GMT for each secondary insult – 
and the basis for this dichotomization – is shown in Table 19 (page 56). This 
dichotomized secondary insult variable was used as the dependent variable 
and clinical and treatment variables as explanatory variables in the logistic 
regression modeling. All clinical and treatment variables were categorical 
except age, which was continuous. Factors that were significant (p<0.05) or 
marginally significant (0.05<p<0.10) in the univariate analyses were in-
cluded in the initial multivariate logistic regression model for each of the 
secondary insult variables. Factors were removed in a backward elimination 
manner based on the p-value. The final model included explanatory variables 
that were considered significant (p<0.05). 

Paper VI 

Patients 

The patients included in paper VI were enrolled in the CONSCIOUS-1 study, 
which was an international, multi-center, double-blind, randomized, placebo-
controlled study, designed to evaluate the efficacy of three dose levels of cla-
zosentan (1, 5 and 15 mg/hour) in preventing vasospasm assessed by an-
giography after SAH. The patients were recruited between January 2005 and 
March 2006 from 52 centers in Israel, Europe and North America 141. 

The patients eligible for inclusion in the trial were 18 to 70 years old. All 
patients had SAH with a diffuse or localized thick subarachnoid clot on 
baseline CT scan within 48 hours of SAH, from a ruptured saccular aneu-
rysm confirmed by digital subtraction angiography (DSA), and for which 
clipping or endovascular coiling was possible. Admission neurological grade 
were WFNS Grades I–IV, and those Grade V patients who improved to 
Grade IV or better after ventriculostomy 232 (Table 3, page 38). Drug or ve-
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hicle treatment had to begin within 56 hours of SAH. If there were presence 
of any degree of cerebral vasospasm on the baseline DSA, the patients were 
excluded from the study. 

Data collection 

Baseline characteristics recorded were gender, age, WFNS grade, subarach-
noid clot size on the diagnostic CT, size and location of the ruptured aneu-
rysm, history of hypertension and IVH and/or ICH in addition to the SAH. 

Recorded treatment variables were type of aneurysm treatment (clipping 
or coiling), clazosentan treatment group (placebo, 1 mg/h, 5 mg/h or 15 
mg/h) and use of ventriculostomy, rescue therapy, hemodynamic therapy 
(hypertension, hypervolemia and/or hemodilution), calcium channel blocker, 
antiepileptic drugs and phenytoin. Rescue therapy was defined as the start of 
either hemodynamic therapy or angioplasty in the presence of vasospasm on 
DSA or TCD. Fever above 38 °C for 8 days was also registered. 

The outcome measures were radiological vasospasm, DIND and TCD 
measurements indicative of vasospasm. 

Statistical analyses 

Patient age was considered in two ways. First as a dichotomized variable 
with a cut point of < or ≥65 years and second as a categorical variable based 
on age by decade. Decades were collapsed into 4 groups (≤40 years, 41–50 
years, 51–60 years and ≥61 years). The reason for creating the categorical 
age variable was to achieve a reasonable distribution of patients between the 
groups, which was not seen with the dichotomized age variable. The age 
variables were investigated as the main variable while other possible con-
founding variables were adjusted for in the multivariate logistic regression 
modeling. The dichotomized dependent outcome measures were: 

1. Radiological vasospasm on DSA on day 9±2 or at any time later, 
compared to the baseline DSA based on blinded, adjudicated central 
review. None or mild (0–33% reduction of arterial diameter) vaso-
spasm was grouped as absence of radiological vasospasm and moder-
ate (34–66% reduction of arterial diameter) or severe (67–100% re-
duction of the arterial diameter) vasospasm as presence of radiologi-
cal vasospasm. Two classes of the presence or absence of radiological 
vasospasm have been considered: one with missing values and the 
other with imputed values. The imputation was based on the substitu-
tion rules outlined in the protocol, which stipulated that missing data 
would be classified as severe vasospasm. 

2. DIND defined as neurological worsening (decrease in 2 points on the 
modified Glasgow Coma Scale 236 or an increase in 2 points on the 
abbreviated NIH Stroke Scale 237 for at least two hours). 
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3. Abnormal TCD measurements at any time during patient’s stay in the 
ICU. Abnormal TCD measurements indicative of vasospasm was de-
fined as either Lindegaard ratio ≥3 238, absolute mean flow velocity 
>200 cm/s or an increase of mean flow velocity in the middle cerebral 
artery or anterior cerebral artery of >50 cm/s in 24 hours. 

During the data preparation stage some categorical variables had very low 
numbers in some levels of the measured scales and these have been collapsed 
into fewer levels. The measured clot thickness was re-coded into thin and thick 
clot while admission WFNS grades were re-coded from 5 to 3 grade levels. 

Chi-square and Fisher exact tests were performed to test the association of 
admission and treatment variables with the dependent dichotomized outcome 
measures. The variables which were statistically significant at <10% level 
were considered for further predictive modeling in multivariate logistic re-
gression. A stepwise selection applied to these models was used to eliminate 
those variables not significant at the desired significance level (<5%) to 
build the final predictive models. 

Grading scales 

Neurological grading scales 

In this thesis two scales for grading the neurological condition of the patients 
are used. The Hunt and Hess (H&H) scale 230 is a five level ordinal scale that 
not only considers level of consciousness but also headache, neck stiffness, 
focal neurological deficits and hemiparesis (Table 2). 
 
Hunt and Hess Description 

I Asymptomatic, or minimal headache and slight nuchal rigidity 

II 
Moderate to severe headache, nuchal rigidity, no neurological deficit other 
than cranial nerve palsy 

III Drowsiness, confusion, or mild focal deficit 

IV 
Stupor, moderate to severe hemiparesis, possibly early decerebrate rigidity 
and vegetative disturbances 

V Deep coma, decerebrate rigidity, moribund appearance 

Table 2 Hunt and Hess grading scale 230 
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The neurological grading scale proposed by the World Federation of Neuro-
logical Surgeons (WFNS) 232 is essentially based on the patients’ score on 
the Glasgow Coma Scale (GCS) 239 and on the presence of major focal motor 
deficit, cranial nerve palsies excluded (Table 3). 

 
WFNS GCS (sum score) Motor deficit 

I 15 - 
II 13 or 14 - 
III 13 or 14 + 
IV 7 to 12 +/- 
V 3 to 6 +/- 

Table 3 World Federation of Neurological Surgeons scale (WFNS) 232 

Radiological grading scale 

Fisher’s scale is a four level scale, where level 1 represents no visible blood 
on the CT and level 2 represents a thin layer of subarachnoid blood less than 
1 mm, corresponding to a low risk of cerebral vasospasm. Level 3 represents 
a layer of subarachnoid blood thicker than 1 mm in vertical cisterns or fis-
sures or a localized clot, which is correlated with a high risk of developing 
cerebral vasospasm 125. Level 4 on Fisher’s scale represent either presence of 
intraventricular hemorrhage or intracerebral hematoma or both. 

 
Fisher grade CT findings 

1 No visible blood 
2 Subarachnoid blood <1 mm 
3 Subarachnoid blood >1 mm or localized clot 
4 Intraventricular hemorrhage, intracerebral hematoma or both 

Table 4 Fisher’s scale for grading of subarachnoid hemorrhage 125 
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Outcome grading scales 

Two different functional outcome grading scales were used: the Glasgow Out-
come Scale and a modified Rankin scale. The Glasgow Outcome Scale (GOS) 
231 is an ordinal five-point scale (Table 5): dead (D), persistent vegetative state 
(VS), severe disability (SD), moderate disability (MD) and good recovery (GR). 
This scale is aimed at measuring disability and handicap rather than impairment 
240 and it has been tested for reliability, sensitivity and validity 241, 242. 

 
GOS category Summary Paper I–II Paper III–IV 
Dead (D)  Poor Dependent or dead 
Vegetative state (VS) Sleep/awake, non-sentient Poor Dependent or dead 
Severe disability (SD) Conscious but dependent SD Dependent or dead 
Moderate disability (MD) Disabled but independent Favorable Independent 
Good recovery (GR) None or minor symptoms Favorable Independent 

Table 5 Glasgow Outcome Scale (GOS) 231 
Description of outcome categories and outline of grouping of outcome used in the papers 

The modification of the original Rankin 233 scale was that the original cate-
gory 1 was split into two grades – 0 and 1. Deceased patients were given a 
Rankin score of 6 (Table 6). 

 
Description Rankin GOS 
I have no symptoms at all and cope well with life 0 GR 
I have a few symptoms but these do not interfere with my everyday life 1 GR 
I have symptoms which have caused some changes in my life but I am 
still able to look after myself 

2 MD 

I have symptoms which have significantly changed my life and prevent 
me from coping fully, and I need some help looking after myself 

3 SD 

I have quite severe symptoms which mean I need to have help from other 
people but I am not so bad as to need attention day and night 

4 SD 

I have major symptoms which severely handicap me and I need constant 
attention day and night 

5 VS 

Dead 6 D 

Table 6 Modified Rankin scale 233 
Description of outcome categories and comparison to the Glasgow Outcome Scale 
(GOS). Modified Rankin score 0–2 (GOS: GR and MD) denotes independent survival, 
and modified Rankin score 3–6 (GOS: SD, VS and D) denotes dependency or death. 
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Results 

Paper I 
The management of elderly SAH patients was compared for different time 
periods in paper I. The volume of elderly SAH patients admitted for treat-
ment increased over time: 44 elderly patients in period A, 92 in period B and 
145 in period C. The proportion of patients aged 70–74 and �75 years in-
creased markedly (70–74 years: A: 11%, B: 23%, C: 47%, p<0.001; �75 
years: A: 0%, B: 4%, C: 14%, p<0.01) (Figure 2). 

 
Figure 2 Number of elderly patients by age category and treatment period 
Black, 65–69 years; Hatched, 70–74 years and White, 75 years and older. 

Also the proportion of elderly SAH patients in Hunt and Hess grade IV–V 
increased over time (H&H IV–V: A: 11%, B: 18%, C: 26%; p<0.05), and the 
proportion of Hunt and Hess grade I–II decreased (H&H I–II: A: 50%, B: 
43%, C: 33%; p<0.05) (Figure 3). 

With time the proportion of patients with posterior circulation aneurysms in-
creased (Posterior circulation: A: 0%, B: 9%, C: 12%; p<0.05). More patients 
were admitted within 24 hours after hemorrhage in period C than in period A 
(Admission day 0: A: 23%, B: 47%, C: 61%; p<0.001). The use of mechanical 
ventilation during transport to the neurosurgical department became more fre-
quent with time (Mechanical ventilation: A: 7%, B: 20%, C: 29%; p<0.01). 
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Moreover, the use of ventriculostomy for continuous ICP registration and CSF 
drainage increased (Ventriculostomy: A: 9%, B: 50%, C: 61%; p<0.001). 

 
Figure 3 Proportion of elderly patients by H&H grade and treatment period 
Black, H&H I–II; Hatched, H&H III and White, H&H IV–V. 

Treatment to obliterate the ruptured aneurysm was performed in 247 of 281 
patients (88%); 215 underwent neurosurgical treatment and 32 endovascular 
coiling (all in period C). Although all patients were admitted with an inten-
tion to treat, 34 patients were managed conservatively. Reasons for conser-
vative management were re-bleeding in 15 patients, delayed neurological 
deterioration in 6, complications from other organ systems in 7, technical 
impossibility to treat in 5 and non-consent in 1 patient. In period A, 30% of 
the patients were managed conservatively compared with 9% in period C 
(p<0.01). Early aneurysm treatment (within 3 days of aneurysm rupture) was 
more frequent in later years (Aneurysm treatment day 0–3: A: 39%, B: 56%, 
C: 62%; p<0.05). Likewise, aneurysm treatment in the “vasospasm phase” 
(day 4–10), became less frequent (Aneurysm treatment day 4–10: A: 26%, 
B: 18%, C: 11%; p<0.05). 

A reliable neurological outcome could not be determined in 3 patients in 
period C, because they were deceased more than three months after SAH, 
and the cause of death could not be established. The outcome figures are 
based on of the remaining 278 patients (99%). Twenty-four patients died of 
unrelated causes, such as cardiovascular disease (11), malignancy (10) and 
other (3). Despite the fact that the patients were older and in worse neuro-
logical grade in the latter periods, there was a trend toward better outcome 
over time. The proportion of patients with severe disability did not change 
over time (Table 7). 
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 Period A 
81–86 

Period B 
87–92 

Period C 
93–98 

GOS N (%) N (%) N (%) 
All patients    

Favorable (GR and MD) 20 (45) 56 (61) 82 (58) 
Severe disability 6 (14) 10 (11) 17 (12) 
Poor (VS and D) 18 (41) 26 (28) 43 (30) 

SAH Mortality 18 (41) 24 (26) 42 (30) 
Hunt and Hess I–II    

Favorable 14 (64) 33 (82) 39 (85) 
Severe disability 2 (9) 2 (5) 1 (2) 
Poor 6 (27) 5 (13) 6 (13) 

Hunt and Hess III    
Favorable 6 (35) 20 (57) 34 (59) 
Severe disability 2 (12) 5 (14) 8 (14) 
Poor 9 (53) 10 (29) 16 (27) 

Hunt and Hess IV–V    
Favorable 0 (0) 3 (18) 9 (24) 
Severe disability 2 (40) 3 (18) 8 (21) 
Poor 3 (60) 11 (65) 21 (55) 

Table 7 Functional outcome by time period and clinical grade 
GOS, Glasgow Outcome Scale; GR, good recovery; MD, moderate disability; VS, 
vegetative state; D, dead 

In the multivariate logistic regression model, independent predictors of fa-
vorable outcome were good Hunt and Hess grade on admission, no use of 
ventriculostomy and later time period of treatment (Table 8). 

 
Variable OR P-value 
Sex  0.36 

Female 1.00  
Male 0.56  

Age  0.35 
Per 10 years difference 0.43  

H&H grade  0.001 
I–II 1.00  
III 0.37  
IV–V 0.08  

Ventriculostomy  <0.001 
No 1.00  
Yes 0.17  

Time period  <0.01 
A 1.00  
B 4.19  
C 8.23  

Table 8 Multivariate logistic regression with favorable outcome as dependent variable 
OR, odds ratio; OR >1, increased chance of favorable outcome; OR <1, decreased 
chance of favorable outcome; A, 1981–86; B, 1987–92; C, 1993–98 
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Paper II 
The technical feasibility and clinical outcome after endovascular aneurysm 
treatment of elderly SAH patients was evaluated in this study, comprising 62 
elderly patients, in whom endovascular coiling was the first line of treatment 
for the ruptured aneurysm. Twenty-two patients (35%) were aged 65–69 
years, 26 (42%) were aged 70–74 years and 14 (23%) were �75 years. 
Twenty-four patients (39%) were in good neurological grade (H&H I–II) on 
admission, 17 (27%) were drowsy or confused (H&H III), and 21 (34%) 
were in poor neurological grade (H&H IV–V). The amount of subarachnoid 
blood on the diagnostic CT according to Fisher’s scale was grade 1 in 3 pa-
tients (5%), grade 2 in 6 (10%), grade 3 in 18 (29%), and grade 4 in 35 
(56%). The distribution of ruptured aneurysms was 26 (42%) on the anterior 
cerebral (ACA) or anterior communicating artery (AComA), 15 (24%) on 
the internal carotid (ICA) and posterior communicating artery (PComA), 6 
(10%) on the middle cerebral artery (MCA) and 15 (24%) in the posterior 
cerebral circulation. Endovascular coiling was completed as intended in 58 
of 62 patients (94%). In 3 cases, the target aneurysm was not successfully 
catheterized and, in 1 case, the target aneurysm anatomy was re-evaluated 
during the procedure and found unsuitable for endovascular treatment and 
the procedures were discontinued. These 4 patients were later neurosurgi-
cally treated for their ruptured aneurysms and were not included in the out-
come analysis. Aneurysm occlusion degree and procedural complications are 
shown in table 9. 

 
Occlusion degree N (%) 

Complete 35 (56) 
Neck remnant 13 (21) 
Residual filling 7 (11) 
Other * 3 (5) 
Not treated 4 (6) 

Total 62  

Complications N (%) 
Aneurysm rupture 1 (2) 
Parent artery occlusion 1 (2) 
Other artery occlusion 4 (6) 
Coil migration 0 (0) 
Intraluminal coil 1 (2) 

Total 7 (11) 

Table 9 Aneurysm occlusion and procedural complication rates 
* Other, therapeutic occlusion of vertebral artery (2), and poste-
rior inferior cerebellar artery (1) 
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Outcome in the endovascularly treated patients (n=58) stratified by Hunt and 
Hess and Fisher grades, age group, aneurysm location and procedural com-
plication is shown in table 10. 

 
GOS Favorable Severe disability Poor 
 N (%) N (%) N (%) 
Hunt and Hess    

I–II 13 (57) 7 (30) 3 (13) 
III 8 (47) 5 (29) 4 (24) 
IV–V 3 (17) 9 (50) 6 (33) † 

Age    
65–69 8 (42) 7 (37) 4 (21) 
70–74 9 (36) 11 (44) 5 (20) 
�75 7 (50) 3 (21) 4 (29) 

Fisher grade    
1–2 6 (75) 2 (25) 0 (0) 
3–4 18 (36) 19 (38) 13 (26) 

Aneurysm location    
ACA-AComA 8 (35) 13 (57) 2 (9) 
ICA-PComA 9 (64) 1 (7) 4 (29) ‡ 
MCA 1 (17) 2 (33) 3 (50) 
Posterior circulation 6 (40) 5 (33) 4 (27) 

Procedural complication 5 (71) 1 (14) 1 (14) 
All patients 24 (41) 21 (36) 13 (22) 

Table 10 Outcome for 58 patients in whom endovascular treatment was completed 
GOS, Glasgow Outcome Scale; Favorable, good recovery and moderate disability; 
Poor, vegetative state and dead; ACA, anterior cerebral artery; AComA, anterior 
communicating artery; ICA, internal carotid artery; PComA, posterior communicat-
ing artery; MCA, middle cerebral artery; † p<0.05 (H&H IV–V vs. H&H I–II);  
‡ p<0.01 (ICA-PComA vs. ACA-AComA) 

The patients who were treated for aneurysms in the ICA-PComA territory 
had more favorable outcome and less severe disability than the patients 
treated for aneurysms in the ACA-AComA territory (Table 10). 

In the multivariate logistic regression analysis, a low Fisher grade was as-
sociated with an increased probability of favorable outcome (p=0.021); as 
were later treatment day and the occurrence of a procedural complication, 
but these findings were not statistically significant (Table 11). 

 
  Estimate OR CI 95% P-value 
Fisher grade 1–2 1.03 2.80 1.16–6.71 0.021 
Procedural complication Yes 0.84 2.31 0.92–5.79 0.074 
Treatment day per day 0.16 1.17 0.99–1.37 0.060 

Table 11 Multivariate logistic regression with favorable outcome as dependent variable 
OR, odds ratio; CI, confidence interval; OR >1, increased chance of favorable out-
come; OR <1, decreased chance of favorable outcome 
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Paper III 
This was a subgroup analysis of all elderly SAH patients in the ISAT study 
comparing endovascular coiling with neurosurgical clipping in regard to 
clinical outcome, procedural complications and adverse events. Of the 2143 
patients entered in the ISAT cohort, 278 (13%) were 65 years or older at the 
time of the SAH and included in paper III. Based on the randomization pro-
cedure, 138 patients were allocated endovascular treatment and 140 patients 
were allocated neurosurgery. There were no significant differences between 
the two groups in terms of the baseline characteristics (Table 12). 

 
 Endovascular (N=138) Neurosurgery (N=140)  
 N (%) N (%)  
Male sex 43 (31.2) 36 (25.7) N.S. 
Age (years)   

65–69 77 (55.8) 75 (53.6) N.S. 
70–74 47 (34.1) 50 (35.7)  
75–79 12 (8.7) 13 (9.2)  
80–86 2 (1.4) 2 (1.4)  

WFNS grade  
1 73 (52.9) 82 (58.6) N.S. 
2 40 (29.0) 37 (26.4)  
3 11 (8.0) 11 (7.9)  
4 8 (5.8) 6 (4.3)  
5 3 (2.2) 3 (2.1)  
6 (not assessable) 3 (2.2) 1 (0.7)  

Fisher grade  
1 5 (3.6) 12 (8.6) N.S. 
2 14 (10.1) 17 (12.2)  
3 56 (40.6) 60 (42.9)  
4 63 (45.7) 51 (36.4)  

Number of aneurysms detected  
1 112 (81.2) 118 (84.3) N.S. 
2 18 (13.0) 18 (12.9)  
3 4 (2.9) 4 (2.9)  
�4 4 (2.9) 0 (0)  

Maximum target aneurysm lumen (mm)  
�5 76 (55.1) 76 (54.3) N.S. 
6–10 49 (35.5) 54 (38.6)  
�11 13 (9.4) 10 (7.1)  

Table 12 Baseline characteristics of 278 elderly patients in ISAT 
WFNS, World Federation of Neurological Surgeons 

Almost all ruptured aneurysms were in the anterior circulation (98.6%), with 
the most common sites being the ACA-AComA (48.9%), the ICA (23.7%), 
the PComA (12.6%) and the MCA (13.3%). There were no significant im-
balance regarding the target aneurysm location between the two groups. 



 46 

Most patients – 263 (94.6%) – received the treatment they were allocated. 
However, 5 patients allocated neurosurgery received endovascular treatment, 
whereas none crossed over from endovascular treatment to neurosurgery. 
Two patients in the endovascular group and 8 patients in the neurosurgery 
group were not treated for their ruptured aneurysms, due to re-bleeding and 
deterioration, systemic complications and patient’s refusal. Thus, 141 pa-
tients underwent endovascular aneurysm treatment and 127 neurosurgery. 
One-hundred-and-twenty-nine (91.5%) of the endovascular procedures were 
completed as intended compared to 119 (93.7%) of the neurosurgical proce-
dures. Reasons for not completing the treatment procedures were failure to 
catheterize target aneurysm, unsuitable anatomy, partial clipping or wrap-
ping and not attempted. 

There was no difference between the two treatment groups in regard to 
time interval from SAH to randomization, from randomization to treatment 
procedure, or in the length of stay in the intensive care unit. Patients allo-
cated endovascular treatment stayed for a significantly shorter time in hospi-
tal (Mean: 19.4 days, Median: 15 days, Range: 1–84 days), than the patients 
allocated neurosurgery (Mean: 23.3 days, Median: 18 days, Range: 3–181 
days)(p<0.05). 

Data on functional outcome at 1 year after the hemorrhage was available 
for 277 patients (99.6%). For 1 patient allocated neurosurgery the 1-year 
outcome data was missing. Eighty-three (60.1%) of the 138 patients allo-
cated endovascular treatment were independent at 1 year, compared with 78 
(56.1%) of the 139 patients allocated neurosurgery (N.S.). The 1-year mor-
tality rates were 18.1% for the endovascular group and 21.6% for the neuro-
surgery group (N.S.). 

There was no significant difference in outcome between endovascular 
treatment and neurosurgery for patients with ACA or AComA aneurysms. 
The patients that underwent endovascular treatment for an ICA or PComA 
aneurysm had better outcomes than patients who were neurosurgically 
treated. Conversely, the patients with ruptured MCA aneurysms that under-
went neurosurgery had better outcomes than the endovascularly treated (Ta-
ble 13). There was no significant difference in outcome between patients 
with left-sided or right-sided MCA aneurysms in either treatment group 
(data not shown). 
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 Endovascular 

(N=137) * 
Neurosurgery 
(N=136) † ‡ 

 

Modified Rankin scale N (%) N (%)  

ACA-AComA aneurysm    
0–2 Independent survival 36 (55.4) 36 (50.7) N.S. 
3–6 Dependency or death 29 (44.6) 35 (49.3)  
Subtotal 65  71   

ICA-PComA aneurysm    
0–2 Independent survival 36 (72.0) 26 (52.0) P<0.05 
3–6 Dependency or death 14 (28.0) 24 (48.0)  
Subtotal 50  50   

MCA aneurysm    
0–2 Independent survival 10 (45.5) 13 (86.7) P<0.05 
3–6 Dependency or death 12 (54.5) 2 (13.3)  
Subtotal 22  15   

Total 137  136   

Table 13 Aneurysm location and outcome at 1 year by randomized treatment 
ACA, anterior cerebral artery; AComA, anterior communicating artery; MCA, mid-
dle cerebral artery; ICA, internal carotid artery; PComA, posterior communicating 
artery, * 138 randomized to endovascular, 1 basilar artery aneurysm; † 140 random-
ized to neurosurgery, 3 posterior inferior cerebellar artery aneurysms; ‡ 1 patient lost 
to follow-up: 1 PComA aneurysm 

The rates of procedural complications are shown in table 14. Aneurysm rup-
ture occurred more frequently during neurosurgical procedures than during 
endovascular procedures. Aneurysm rupture during either procedure did not 
have any impact on the functional outcome. In the endovascularly treated 
patients, parent artery occlusion, thrombo-embolic problems, neurological 
deterioration and the use of thrombolytic agents were associated with a 
greater risk of dependency or death 1 year after SAH. Procedural complica-
tions during neurosurgical treatment did not have a marked influence on the 
functional outcome (data not shown). 

 
 Endovascular 

(N=141) 
Neurosurgery 

(N=127) 
 

 N (%) N (%)  
Aneurysm rupture 9 (6.4) 21 (16.7) P<0.05 
Parent artery occlusion 7 (5.0) 4 (3.2) N.S. 
Thrombolytic agent used 7 (5.0) – –  
Coil migration 3 (2.1) – –  
Temporary clips used – – 37 (29.4)  
Neurological deterioration  16 (11.4) 24 (18.9) N.S. 
Thrombo-embolic problem  10 (7.1) 2 (1.6) N.S. 

Table 14 Procedural complications by actual treatment 
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There was a lower rate of epilepsy, infectious and pulmonary complications 
in the patients allocated endovascular therapy than in the patients allocated 
neurosurgery (Table 15). Adverse events that had a significant negative in-
fluence in functional outcome were delayed neurological deficit, hydro-
cephalus, epilepsy, infection, cerebral hematoma, pulmonary complications 
and other adverse event (data not shown). 

 
 Endovascular 

(N=138) 
Neurosurgery 

(N=140) 
 

 N (%) N (%)  

Delayed neurological deficit 48 (34.8) 51 (36.4) N.S. 
Vasospasm 35 (25.4) 43 (30.7) N.S. 
Thrombo-embolic complication 13 (9.4) 8 (5.7) N.S. 

Hydrocephalus 35 (25.4) 38 (27.1) N.S. 
Epilepsy 1 (0.7) 18 (12.9) P<0.001 
Infection 16 (11.6) 29 (20.7) P<0.05 

Meningitis 2 (1.5) 3 (2.1) N.S. 
Other infection 14 (10.1) 26 (18.6) P<0.05 

Cerebral hematoma * 14 (10.2) 16 (11.4) N.S. 
ICH 6 (4.4) 11 (7.9) N.S. 
ECH 4 (2.9) 4 (2.9) N.S. 
Both ICH and ECH 4 (2.9) 1 (0.7) N.S. 

Pulmonary complications 26 (18.8) 44 (31.4) P<0.05 
Pneumonia 7 (5.1) 21 (15.0) P<0.01 
Pulmonary edema 8 (5.8) 11 (7.9) N.S. 
Other pulmonary complications 11 (8.0) 12 (8.6) N.S. 

Groin hematoma 1 (0.7) 0 (0.0) N.S. 
Severe headache 5 (3.6) 1 (0.7) N.S. 
Other adverse event  38 (27.7) 43 (30.7) N.S. 

Table 15 Adverse events by randomized treatment 
* Missing data for 1 patient; ICH, intracerebral hematoma; ECH, extracerebral he-
matoma 

Paper IV 
The occurrence and severity of secondary insults in SAH patients during 
neurointensive care was investigated in 99 patients of all ages (67.7% fe-
males), who fulfilled the minimum monitoring data requirement for ICP, 
CPP, MAP and BPs. Of these, 4 patients did not meet the minimum re-
quirement for SpO2 data, and in 43 patients less than required temperature 
data was available. All statistical analyses of SpO2 and T° data was done on 
the remaining 95 and 56 patients who fulfilled the minimum requirement for 
SpO2 and T°, respectively. The Hunt and Hess grade on admission was grade 
I in 3 (3.0%), grade II in 4 (4.0%), grade III in 24 (24.2%), grade IV in 65 
(65.7%) and grade V in 3 (3.0%) patients. The amount of subarachnoid 
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blood on the diagnostic CT according to Fisher was grade 1 in 0, grade 2 in 
1, grade 3 in 23 (23.2%) and grade 4 in 75 (75.8%) patients. The location of 
the ruptured aneurysm was the ACA or AComA in 39, the ICA in 11, the 
PComA in 11, the MCA in 21 and in the posterior circulation in 17 patients. 
The ruptured aneurysm was treated with endovascular therapy in 62 patients 
and with surgical clipping or trapping in 34 patients. 3 patients deteriorated 
clinically and were not deemed suitable for either treatment and were there-
fore not treated for their ruptured aneurysms. The mean time from SAH to 
aneurysm treatment was 1.6 days (Median 0.2 days, Range 0–18 days). 38 
patients developed DIND, of whom 32 patients (32.3%) received triple-H-
therapy. 12 patients (12.1%) re-bled after admission before (n=7) or during 
aneurysm coiling (n=5). 

 
Figure 4 Distribution of high ICP insults 
Number of patients by percent of good monitoring time (GMT) in 5%-intervals. 

The occurrence of secondary insults was low and non-normally distributed. 
Three quarters of all patients spent less than 5–10% of GMT at standard insult 
levels for high ICP (Figure 4), low CPP, high MAP and low BPs, and less than 
20% of GMT at standard insults levels for high CPP (Figure 5) and high BPs. 
Only a small number of patients exceeded the limit for severe insult levels for 
high ICP, low CPP, high CPP, low MAP, high MAP, low BPs and high BPs. 
Ninety percent of the patients with SpO2 data spent less than 5% of GMT at 
the standard insult level for SpO2 and only one patient had more than 1% of 
GMT at the severe insult level for SpO2 (Table 19, page 56). 
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Figure 5 Distribution of high CPP insults 
Number of patients by percent of good monitoring time (GMT) in 5%-intervals 

The distribution of pyrexia insults was different from the other secondary 
insults. Patients ranged from close to no time to more than 80% of GMT at 
standard insult level in a normally distributed pattern (Figure 6). 

 
Figure 6 Distribution of pyrexia insults 
Number of patients by percent of good monitoring time (GMT) in 5%-intervals. 
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Male patients had less low BPs insults and more high BPs insults than fe-
male patients (Median %GMT: BPs �110: Male 1.54, Female 3.10, P <0.01; 
BPs �100: Male 0.28, Female 0.66, P<0.001; BPs >180: Male 14.89, Female 
5.58, P<0.05; BPs >200 Male 1.45, Female 0.19, P<0.05). 

Patients 65 years or older (“Elderly”) had less ICP insults than patients 
younger than 65 (“Younger”) (Median %GMT: ICP �20: Elderly 1.83, 
Younger 4.38, P<0.01; ICP �25: Elderly 0.53, Younger 1.34, P<0.01). The 
elderly group had less low BPs standard insults, than the younger group (Me-
dian %GMT: BPs �110: Elderly 1.64, Younger 2.48, P<0.05). Furthermore, 
the elderly group had more high BPs standard insults, than the younger group 
(Median %GMT: BPs >180: Elderly 13.34, Younger 4.90, P<0.05). Elderly 
patients spent more time at standard insult levels for SpO2 than younger pa-
tients (Median %GMT: SpO2 <95: Elderly 2.22, Younger 1.05, P<0.05). 

Patients who were awake or drowsy on admission (H&H I–III) had less 
high BPs standard insults than patients who were comatose (H&H IV–V) 
(Median %GMT: BPs >180: H&H I–III 1.38, H&H IV–V 9.29, P<0.05). 

Patients with the presence of an ICH on the diagnostic CT scan had a 
higher percentage of GMT with ICP �20 than patients without an ICH (Me-
dian %GMT: ICP �20: ICH 5.44, No ICH 2.69, P<0.05). 

Patients with the ruptured aneurysm in the anterior circulation (Ant.) had 
a higher proportion of ICP insults than patients with the ruptured aneurysm 
in the posterior circulation (Post.) (Median %GMT: ICP �20: Ant. 4.21, 
Post. 2.26, P<0.05; ICP �25: Ant. 1.31, Post. 0.56, P<0.05). 

There were no differences in the occurrence of any secondary insults de-
pending on re-bleeding, aneurysm treatment modality or Fisher grade on the 
diagnostic CT scan. 

Overall, 13 patients (13.1%) made a good recovery (GR), 24 (24.2%) had 
a moderate disability (MD), 38 (38.4%) had a severe disability (SD), 3 
(3.0%) were in a persistent vegetative state (VS) and 21 patients (21.2%) 
were dead (D) at the 6 months functional outcome follow-up. Thus, 37 pa-
tients (37.4%) had an independent outcome (GR and MD) and 62 (62.4%) 
were dependent or dead (SD, VS and D). 

A univariate logistic regression model with independent functional out-
come as dependent variable was fitted with each admission and treatment 
variable and percentage of GMT for each secondary insult level as explana-
tory variables. Patients in good clinical grade on admission (Hunt and Hess 
I–III) had a greater chance of an independent outcome than patients in poor 
clinical grade (Hunt and Hess IV–V) (OR 1.71, CI 95%: 1.10–2.65, p<0.05). 
Other admission and treatment variables, such as sex, age, Fisher grade, 
aneurysm location and triple-H-therapy did not have a significant impact on 
the functional outcome. Neither did the occurrences of any secondary insults 
have a significant impact on the functional outcome at 6 months after SAH. 

At the time of discharge from NICU 83 patients (83.83%) had improved 
clinically or were in an unchanged neurological grade and 16 patients 
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(16.16%) had deteriorated or died. This clinical course outcome was used as 
the dependent variable in the logistic regression modeling. 

In the univariate analyses, no admission or treatment variable had a statis-
tically significant effect on clinical deterioration. ICP �20, ICP �25, CPP 
�60 and CPP �55 was associated with an increased risk of clinical deteriora-
tion, while CPP >100 and BPs >180 was associated with a decreased risk of 
clinical deterioration. MAP, SpO2 and T° insults did not have a significant 
impact on clinical deterioration. 

A multivariate logistic regression model was fitted with ICP �20, ICP 
�25, CPP �60, CPP �55, CPP >100 and BPs >180 as explanatory variables 
and clinical deterioration as the dependent variable. The final model in-
cluded ICP �25 and CPP >100 which had an independent significant effect 
on clinical deterioration. ICP �25 increased the risk of clinical deterioration, 
whereas CPP >100 reduced the risk of clinical deterioration (Table 16). 

 
  Estimate OR CI 95% P-value 
ICP �25 per 5 % ↑ GMT* 1.50 4.47 1.08–18.52 0.0391 
CPP >100 per 5 % ↑ GMT* -0.51 0.60 0.36–1.00 0.0486 

Table 16 Multivariate logistic regression with clinical deterioration as dependent 
variable and secondary insults as explanatory variables 
OR, odds ratio; CI, confidence interval; ICP, intracranial pressure; CPP, cerebral 
perfusion pressure; OR >1 increased risk of clinical deterioration; OR <1 decreased 
risk of clinical deterioration; * per 5 % increase of GMT at secondary insult level 

Paper V 
In order to investigate age-dependent differences in functional outcome and 
occurrence of secondary insults in patients with severe SAH, the same patient 
cohort as in paper IV was divided into three age groups. Of the 99 patients with 
severe SAH, 35 patients were <55 years, 35 were 55–64 years and 29 patients 
were �65 years. The clinical characteristics and treatment variables of the pa-
tients by age group are shown in table 17. There were no significant imbalances 
between the groups in terms of gender, Hunt and Hess grade, Fisher grade, pres-
ence of ICH and/or IVH or in the distribution of aneurysm location. 

There was a significantly higher frequency of re-bleeding before admis-
sion in the �65 years group and in the <55 years group than in the 55–64 
years group (Table 17). The patients who were �65 years had a lower rate of 
clinical vasospasm (DIND) and received triple-H-therapy to a lesser extent 
than the patients aged 55–64 years. There was no significant difference in 
the proportion of patients receiving endovascular versus neurosurgical aneu-
rysm treatment between the age groups (Table 17). 
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 <55 years 55–64 years �65 years  
 N (%) N (%) N (%)  

Sex    N.S. 
Female 27 (77.1) 21 (60.0) 19 (65.5)  
Male 8 (22.9) 14 (40.0) 10 (34.5)  

Hunt and Hess grade    N.S. 
I–II 2 (5.7) 2 (5.7) 3 (10.3)  
III 11 (31.4) 9 (25.7) 4 (13.8)  
IV–V 22 (62.9) 24 (68.6) 22 (75.9)  

Fisher grade    N.S. 
2 1 (2.9) 0 (0) 0 (0)  
3 7 (20.0) 7 (20.0) 9 (31.0)  
4 27 (77.1) 28 (80.0) 20 (69.0)  

ICH 15 (42.9) 14 (40.0) 10 (34.5) N.S. 
IVH 18 (51.4) 22 (62.9) 14 (48.3) N.S. 
ICH and IVH 6 (17.1) 8 (22.9) 4 (13.8) N.S. 
Aneurysm location    N.S. 

ACA-AComA 12 (34.3) 15 (42.9) 12 (41.4)  
ICA-PComA 8 (22.9) 8 (22.9) 6 (20.7)  
MCA 8 (22.9) 8 (22.9) 5 (17.2)  
Posterior circulation 7 (20.0) 4 (11.4) 6 (20.7)  

Rebleeding before admission 13 (37.1) 2 (5.7) 7 (24.1) * † 
Rebleeding after admission 6 (17.1) 5 (14.3) 1 (3.5) N.S. 
DIND 11 (31.4) 19 (54.3) 8 (27.6) ‡ 
HHH 10 (28.6) 17 (48.6) 5 (17.2) § 
Aneurysm treatment    N.S. 

Endovascular 23 (65.7) 18 (51.4) 21 (72.4)  
Neurosurgery 11 (31.4) 16 (45.7) 7 (24.1)  
None 1 (2.9) 1 (2.9) 1 (3.5)  

Table 17 Clinical characteristics and treatment variables for three age groups 
ICH, intracerebral hematoma; IVH, intraventricular hematoma; ACA, anterior cere-
bral artery; AComA, anterior communicating artery; ICA, internal carotid artery; 
PComA, posterior communicating artery; MCA, middle cerebral artery; DIND, 
delayed ischemic neurological deficit; HHH, triple-H-therapy 
* P<0.05 ”55–64” vs. ”≥65”; † P<0.01 ”<55” vs. ”55–64”; ‡ P<0.05 ”55–64” vs. 
”≥65”; § P<0.01 ”55–64” vs. ”≥65” (Chi-square test) 

Six months after the SAH, 42.9% of the younger patients and 24.1% of the 
elderly patients had an independent outcome (good recovery and moderate 
disability) (P=0.062). The mortality rate was 15.7% of the younger and 
34.5% of the elderly patients (P<0.05). There was no significant difference 
in the frequency of severe disability (SD) between elderly and younger pa-
tients (Table 18). 

Of the patients who were in a poor neurological grade on admission, 32.6% 
of the younger and 22.7% of the elderly patients made a good recovery or had 
a moderate disability (N.S.). The frequency of severe disability in poor grade 
patients was similar in the younger and elderly age groups. There was a trend 
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indicating a higher mortality rate in the poor grade elderly patients compared 
to younger patients, however not statistically significant (Table 18). 

 
 <65 years �65 years  

 N (%) N (%)  

All Hunt and Hess grades   * 
Good recovery 7 (10.0) 6 (20.7)  
Moderate disability 23 (32.9) 1 (3.4)  
Severe disability 26 (37.1) 12 (41.4)  
Vegetative state 3 (4.3) 0 (0.0)  
Dead 11 (15.7) 10 (34.5) † 

 70  29   
Hunt and Hess I–II   N.S. 

Good recovery 1 (25.0) 1 (33.3)  
Moderate disability 3 (75.0) 0 (0.0)  
Severe disability 0 (0.0) 0 (0.0)  
Vegetative state 0 (0.0) 0 (0.0)  

Dead 0 (0.0) 2 (66.7)  
 4  3   
Hunt and Hess III   N.S. 

Good recovery 2 (10.0) 1 (25.0)  
Moderate disability 9 (45.0) 0 (0.0)  
Severe disability 6 (30.0) 2 (50.0)  
Vegetative state 0 (0.0) 0 (0.0)  
Dead 3 (15.0) 1 (25.0)  

 20  4   
Hunt and Hess IV–V   N.S. 

Good recovery 4 (8.7) 4 (18.2)  
Moderate disability 11 (23.9) 1 (4.5)  
Severe disability 20 (43.5) 10 (45.5)  
Vegetative state 3 (6.5) 0 (0.0)  
Dead 8 (17.4) 7 (31.8)  

 46  22   

Table 18 Outcome 6 months after SAH by age group 
* P<0.01 for difference between “<65 years” vs. “≥65 years”; † P<0.05 for differ-
ence between “<65 years” vs. “≥65 years” in proportion of “Dead” (Chi-square test) 

The percent of GMT spent at insult levels for intracranial hypertension (ICP 
≥20 and ICP ≥25) decreased with age, whereas the percent of GMT spent at 
insult levels for hypertensive (BPs >180) and hypoxemic insults (SpO2 
<95%) increased with age (Figure 7) (Table 19). 
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Figure 7 Intracranial hypertension, hypertensive and hypoxemic insults by age group 
Upper: Squares: ICP ≥20 mmHg, Triangles: ICP ≥25 mmHg; Middle: Squares: BPs >180 
mmHg, Triangles: BPs >200 mmHg; Lower: Squares: SpO2 <95%, Triangles: SpO2 <90%: 
Median values of good monitoring time (GMT); Whiskers: 25%–75% range; * ICP ≥20 
mmHg: KW-H(2;99)=11.145, p=0.0038; † ICP ≥25 mmHg: KW-H(2;99)=9.9775, p=0.0068; 
‡ BPs >180 mmHg: KW-H(2;99)=7.3347, p=0.0255; § BPs >200 mmHg: KW-
H(2;99)=5.1369, p=0.0767; ¶ SpO2 <95%: KW-H(2;95)=7.476, p=0.0238; # SpO2 <90%: 
KW-H(2;95)=2.8564, p=0.2397(Kruskal-Wallis ANOVA) 
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Elderly patients (≥65 years) had a greater percent of GMT with BPs >200 
than patients younger than 55 years. The patients aged ≥65 years spent a 
greater percent of GMT at insult levels for MAP ≤70 than the patients aged 
<55 years. However, elderly patients (≥65 years) spent lesser percent of 
GMT at insult level for BPs �110 than younger patients (<55 years and 55–
64 years). There were no differences between the age groups in the percent 
of GMT spent at insult levels for low CPP and high CPP insults, high MAP 
insults and pyrexia insults (Table 19). 

 
 All patients <55 years 55–64 years �65 years  
Secondary 
insult variable 

Median 
%GMT 

IQR 
%GMT 

Median 
%GMT 

Median 
%GMT 

Median 
%GMT 

 

ICP �20 3.52 1.71–7.33 4.90 3.78 1.83 *, § 
ICP �25 1.16 0.41–2.35 1.37 1.32 0.53 †, § 
CPP �60 3.95 1.54–7.48 4.52 3.59 3.95  
CPP �55 1.04 0.36–2.44 1.50 0.95 1.03  
CPP >100 8.18 2.03–17.66 7.68 8.18 9.04  
CPP >110 1.86 0.31–5.02 2.06 1.45 1.93  
MAP �80 12.94 6.21–23.28 9.53 13.80 19.22  
MAP �70 1.58 0.55–4.13 1.07 1.58 2.31 ‡ 
MAP >120 2.70 0.58–6.19 3.00 2.25 3.30  
MAP >130 0.38 0.09–1.18 0.41 0.38 0.33  
BPs �110 2.21 1.03–4.71 2.27 2.71 1.64 *, ‡ 
BPs �100 0.43 0.13–1.02 0.54 0.54 0.28  
BPs >180 8.10 0.77–18.34 3.03 9.91 13.34 § 
BPs >200 0.65 0.02–2.45 0.17 0.66 1.34 ‡ 
T° �38 48.05 30.13–65.88 41.90 42.31 55.49  
T° �39 1.24 0.00–7.41 1.18 0.84 1.64  
SpO2 <95 1.45 0.79–2.67 0.97 1.24 2.22 § 
SpO2 <90 0.05 0.02–0.13 0.04 0.07 0.08  

Table 19 Occurrence of secondary insults by age group 
Occurrence of secondary insults expressed as percent of good monitoring time 
(%GMT) by age group; ICP, intracranial pressure; CPP, cerebral perfusion pressure; 
MAP, mean arterial pressure; BPs, systolic blood pressure; T°, body temperature; 
SpO2, arterial oxygen saturation; IQR, interquartile range; * P<0.05 “≥65 years” vs. 
“55–64 years”; † P<0.01 “≥65 years” vs. “55–64 years”; ‡ P<0.05 “≥65 years” vs. 
“<55 years”; § P<0.01 “≥65 years” vs. “<55 years” (Mann-Whitney U test) 

In the univariate logistic regression analyses, increasing age was negatively 
associated with ICP �20 and ICP �25, and positively associated with MAP 
�80, MAP �70, BPs >180 and BPs >200. Presence of an ICH in addition to 
the SAH was positively associated with ICP �20 and CPP �55. Triple-H-
therapy (HHH) was negatively associated with CPP �60, CPP �55, MAP 
�80 and MAP �70. Clinical vasospasm (DIND) was negatively associated 
with MAP �80 and MAP �70. Female gender was positively associated with 
BPs �110 and BPs �100 and negatively associated with BPs >180, BPs >200 
and MAP >130. 
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In the multivariate logistic regression analyses, increased patient age was 
an independent factor associated with decreased risk of ICP �20 and ICP 
�25, and increased risk of MAP �70, BPs >180, BPs >200 and SpO2 <95. 
Presence of an ICH was associated with increased risk of ICP �20 and CPP 
�55. Triple-H-therapy was independently associated with decreased risk of 
CPP �60, CPP �55, MAP �80 and MAP �70. Female gender was an inde-
pendent factor associated with increased risk of BPs �110, BPs �100, and 
decreased risk of MAP >130, BPs >180 and BPs >200 (Table 20). 

 
  Estimate OR CI 95% P-value 
ICP �20      

Age Per year -0.07 0.93 0.89–0.98 0.0039 
ICH Yes 0.47 1.61 1.04–2.49 0.0336 

ICP �25      
Age Per year -0.04 0.96 0.92–1.00 0.0411 

CPP �60      
HHH Yes -0.49 0.61 0.40–0.95 0.0287 

CPP �55      
ICH Yes 0.47 1.60 1.04–2.45 0.0314 
HHH Yes -0.50 0.61 0.39–0.95 0.0292 

MAP �80      
HHH Yes -0.49 0.61 0.40–0.95 0.0287 

MAP �70      
Age  0.04 1.05 1.00–1.09 0.0440 
HHH Yes -0.47 0.63 0.40–0.98 0.0400 

MAP >130      
Gender Female -0.56 0.57 0.37–0.89 0.0138 

BPs �110      
Gender Female 0.70 2.01 1.27–3.17 0.0028 

BPs �100      
Gender Female 0.93 2.53 1.55–4.12 0.0002 

BPs >180       
Age Per year 0.08 1.08 1.03–1.13 0.0015 
Gender Female -0.47 0.63 0.39–1.00 0.0502 

BPs >200      
Age Per year 0.06 1.07 1.02–1.12 0.0055 
Gender Female -0.46 0.63 0.40–1.00 0.0492 

SpO2 <95      
Age Per year 0.05 1.05 1.00–1.10 0.0303 

Table 20 Multivariate logistic regression with secondary insult variables as depend-
ent variable and clinical and treatment variables as explanatory variables 
OR, odds ratio; OR <1, decreased risk of secondary insult occurrence; OR >1, in-
creased risk of secondary insult occurrence; ICP, intracranial pressure; CPP, cerebral 
perfusion pressure; MAP, mean arterial pressure; BPs, systolic blood pressure; T°, 
body temperature; SpO2, arterial oxygen saturation; CI, Confidence interval; ICH, 
intracerebral hematoma; HHH, triple-H-therapy 
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Paper VI 
Age-dependent differences in the incidence of cerebral vasospasm were in-
vestigated in paper VI on 413 patients, who fulfilled the inclusion criteria for 
this study. There were 368 patients (89.1%) who were <65 years and 45 
patients (10.9%) were �65 years (Table 21). 

 
Baseline characteristics N (%) 
Patients mean age 51 ± 11 
Patients age, dichotomized   

<65 368 (89.1) 
≥65 45 (10.9) 

Patients age, categorized   
00–40 70 (17.0) 
41–50 128 (31.0) 
51–60 124 (30.0) 
≥61 91 (22.0) 

Gender    
Male 121 (29.3) 
Female 292 (70.7) 

Admission WFNS   
Grade I 184 (44.6) 
Grade II 117 (28.3) 
Grade III 12 (2.9) 
Grade IV 97 (23.5) 
Grade V 3 (0.7) 

Subarachnoid clot size   
diffuse thick 280 (68.8) 
diffuse thin 88 (21.6) 
local thick 34 (8.4) 
local thin 5 (1.2) 

IVH 322 (78.0) 
IVH/ICH 331 (80.1) 
History of hypertension 172 (41.7) 
Aneurysm sizes   

0–5 mm 153 (38.2) 
6–15 mm 238 (59.4) 
16–25 mm 5 (1.2) 
> 25 mm 5 (1.2) 

Aneurysm location   
ACA 181 (45.0) 
ICA 116 (28.9) 
MCA 73 (18.1) 
Posterior 32 (8.0) 

Table 21 Baseline characteristics in 413 patients 
WFNS, World Federation of Neurological Surgeons; IVH, intraventricular hemor-
rhage; ICH, intracerebral hematoma; ACA, anterior cerebral artery; ICA, internal 
carotid artery; MCA, middle cerebral artery; Posterior, posterior cerebral circulation 
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The distribution of clinical characteristics and treatment in the different age 
groups are shown in table 22. 

 
 Age <65 years Age �65 years 
 N (%) N (%) 
Gender   

Male 112 (30.4) 9 (20.0) 
Female 256 (69.6) 36 (80.0) 

WFNS grade, collapsed   
Grade I 171 (46.5) 13 (28.9) 
Grade II 101 (27.4) 16 (35.6) 
Grade III–V 96 (26.1) 16 (35.6) 

Clot size, collapsed   
Thin 89 (24.5) 4 (9.1) 
Thick 274 (75.5) 40 (90.9) 

Type of aneurysm treatment   
Clipping 180 (48.9) 19 (42.2) 
Coiling 188 (51.1) 26 (57.8) 

Clazosentan treatment group   
Placebo 84 (22.8) 12 (26.7) 
1 mg/h 98 (26.6) 10 (22.2) 
5 mg/h 97 (26.4) 14 (31.1) 
15 mg/h 89 (24.2) 9 (20.0) 

Rescue therapy, all 66 (17.9) 8 (17.8) 

Table 22 Admission and treatment variables by age groups 
WFNS, World Federation of Neurological Surgeons 

The ruptured aneurysm was treated with neurosurgical clipping in 199 
(48.2%) patients and with endovascular coiling in 214 (51.8%). The patients 
were randomized to one of four study drug treatment groups. There were 96 
patients (23.2%) in the placebo group, 108 (26.2%) in the clazosentan 1 
mg/h group, 111 (26.9%) in the clazosentan 5 mg/h group, and 98 (23.7%) 
patients were allocated to the clazosentan 15 mg/h group. Rescue therapy 
was performed in 74 (17.9%) patients, of whom 68 (16.5%) patients re-
ceived hemodynamic therapy. In 186 (45.0%) patients a ventriculostomy 
was placed for ICP monitoring and CSF drainage. 366 (88.6%) patients re-
ceived a calcium channel blocker. In 155 (37.5%) patients an anti-epileptic 
drug was given, of whom 128 (31.0%) patients received phenytoin. In 62 
patients (15.0)% a temperature �38 °C was recorded for 8 days. 

The rate of radiological vasospasm was 45.1% and when severe vaso-
spasm was imputed for missing values, the rate was 47.0%. The rate of 
DIND was 18.9%. The analysis on abnormal TCD and the reported results 
are based on the 75 patients with TCD data only. Abnormal TCD measure-
ments indicative of cerebral vasospasm were recorded at some point in 61 of 
75 patients (81.3%). 
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 Radiological VSP

N=381 
Radiological VSP*

N=413 
DIND 
N=413 

TCD VSP 
N=75 

Gender  p=0.009 p=0.0103 p=0.1801 p=0.1380 
Male 34.82 (39/112) 37.19 (45/121) 14.88 (18/121) 66.67 (10/15) 
Female 49.44 (133/269) 51.03 (149/292) 20.55 (60/292) 85.00 (51/60) 

Age, dichotomized p=0.3761 p=0.7188 p=0.8405 p=0.0748 
<65 45.91 (157/342) 47.28 (174/368) 19.02 (70/368) 84.06 (58/69) 
≥65 38.46 (15/39) 44.44 (20/45) 17.78 (8/45) 50.00 (3/6) 

Age, categorized p=0.4962 p=0.6453 p=0.9271 p=0.2751 
≤40 38.46 (25/65) 41.43 (29/70) 17.14 (12/70) 83.33 (10/12) 
41–50 50.00 (61/122) 50.78 (65/128) 20.31 (26/128) 88.46 (23/26) 
51–60 44.25 (50/113) 45.97 (57/124) 17.74 (22/124) 83.33 (20/24) 
≥61 44.44 (36/81) 47.25 (43/91) 19.78 (18/91) 61.54 (8/13) 

WFNS, collapsed p=0.0003 p=0.0002 p<0.0001 p=0.4888 
Grade I 38.37 (66/172) 40.22 (74/184) 10.87 (20/184) 86.21 (25/29) 
Grade II 40.00 (44/110) 41.88 (49/117) 18.80 (22/117) 84.21 (16/19) 
Grade III–V 62.63 (62/99) 63.39 (71/112) 32.14 (36/112) 74.07 (20/27) 

Clot size, collapsed p=0.0103 p=0.0088 p=0.0081 p=0.7384 
Thin 33.33 (30/90) 35.35 (35/99) 9.68 (9/93) 84.62 (11/13) 
Thick 48.77 (139/285) 50.65 (156/308) 21.97 (69/314) 80.65 (50/62) 

Aneurysm treatment p=0.0001 p=0.0005 p=0.0342 p=0.1420 
Clipping 55.14 (102/185) 55.78 (111/199) 23.12 (46/199) 88.89 (32/36) 
Coiling 35.71 (70/196) 38.79 (83/214) 14.95 (32/214) 74.36 (29/39) 

Clazosentan group p<0.0001 p<0.0001 p=0.5224 p=0.3397 
Placebo 67.74 (63/93) 66.67 (64/96) 22.92 (22/96) 75.00 (18/24) 
1mg/h 46.08 (47/102) 48.15 (52/108) 20.37 (22/108) 90.48 (19/21) 
5mg/h 40.59 (41/101) 41.44 (46/111) 15.32 (17/111) 91.67 (11/12) 
15mg/h 24.71 (21/85) 32.65 (32/98) 17.35 (17/98) 72.22 (13/18) 

Ventriculostomy p<0.0001 p=0.0005 p<0.0001 p=0.7514 
Yes 56.47 (96/170) 56.45 (105/186) 27.96 (52/186) 82.86 (29/35) 

Rescue therapy, all p<0.0001 p<0.0001 p<0.0001 p=0.0001 
Yes 88.57 (62/70) 87.84 (65/74) 68.92 (51/74) 97.14 (34/35) 

Hemodynamic therapy p<0.0001 p<0.0001 p<0.0001 p=0.0652 
Yes 87.69 (57/65) 86.76 (59/68) 66.18 (45/68) 93.10 (27/29) 

Calcium channel blocker p=0.0207 p=0.0139 p=0.7286 p=0.3247 
Yes 43.07 (146/339) 44.81 (164/366) 19.13 (70/366) 80.28 (57/71) 

Phenytoin  p=0.0034 p=0.0114 p=0.4424 p=0.5293 
Yes 56.64 (64/113) 56.25 (72/128) 21.09 (27/128) 86.96 (20/23) 

Table 23 Patient characteristics and treatments by vasospasm outcomes measures 
p, difference between categories (chi-square)/(Fisher exact test); sample size in 
brackets. VSP, vasospasm; * “Severe vasospasm” imputed for missing values; TCD, 
transcranial Doppler; WFNS, World Federation of Neurological Surgeons; Variables 
not significantly associated with the outcomes at p<0.10 and not considered in fur-
ther analyses included: History of hypertension, IVH, IVH/ICH, use of antiepilep-
tics, aneurysm sizes, aneurysm locations, and body temperature �38 °C for 8 days. 

The associations of admission and treatment variables with the three dependent 
dichotomized vasospasm outcome measures are shown in table 23. Gender, 
WFNS grade, clot size, type of aneurysm treatment, clazosentan treatment 
group, and use of ventriculostomy, rescue therapy, hemodynamic therapy, cal-
cium channel blocker and phenytoin were associated with radiological vaso-
spasm in the univariate analysis. Factors associated with DIND in the univariate 
analysis were WFNS grade, clot size, type of aneurysm treatment, use of ven-
triculostomy, rescue therapy and hemodynamic therapy. In the 75 patients with 
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TCD data, age and the use of rescue therapy and hemodynamic therapy were 
associated with TCD abnormalities in the univariate analysis (Table 23). 

These variables were modeled as potential predictors of each of the out-
come measures in the multivariate logistic regression with age forced into 
the model as the initial independent predictor variable. 

Multivariate logistic regression with age as a dichotomous variable (Table 
24A) or as a categorical variable (Table 24B) showed that there was no sig-
nificant relationship of age with any of the vasospasm outcome measures. 

Significant predictors of radiological vasospasm were gender, subarach-
noid clot size, aneurysm treatment modality, clazosentan treatment group, 
and use of ventriculostomy, rescue therapy, hemodynamic therapy and 
phenytoin. The imputation of ‘severe’ for the missing data in radiological 
vasospasm did impact the relationship of certain clinical characteristics like 
WFNS grade, use of ventriculostomy, calcium channel blocker and hemody-
namic therapy in the resulting model. The factors that were associated with 
an increased rate of radiological vasospasm were female gender, higher 
WFNS grade, thick clot size, neurosurgical clipping, use of ventriculostomy, 
rescue therapy, hemodynamic therapy and phenytoin and not using a calcium 
channel blocker. A higher WFNS grade, neurosurgical clipping, use of ven-
triculostomy and rescue therapy were significant predictors associated with a 
higher rate of DIND. The only significant relationship in the final model for 
TCD abnormalities was the use of rescue therapy, which was associated with 
a higher rate of TCD abnormalities (Table 24A and 24B). 
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Vasospasm outcomes Adjusted OR CI 95% P-value 
Radiological Vasospasm    

Patients age, dichotomized 0.468 0.181–1.207 0.1163 

Gender 1.965 1.092–3.536 0.0242 
WFNS, collapsed 1.371 0.974–1.931 0.0708 

Clot size, collapsed 1.961 1.023–3.759 0.0427 
Type of aneurysm treatment  0.292 0.169–0.502 <0.0001 
Clazosentan treatment group 0.431 0.329–0.565 <0.0001 
Use of ventriculostomy 1.979 1.136–3.448 0.0159 
Use of rescue therapy, all 7.953 2.766–22.87 0.0001 
Use of hemodynamic therapy 3.534 1.160–10.76 0.0263 
Use of phenytoin 2.074 1.173–3.666 0.0121 

    

Radiological Vasospasm - Imputed    
Patients age, dichotomized 0.892 0.416–1.913 0.7686 

Gender 1.797 1.067–3.026 0.0276 
WFNS, collapsed 1.431 1.070–1.914 0.0156 
Clot size, collapsed 1.894 1.075–3.336 0.0271 
Type of aneurysm treatment 0.421 0.259–0.684 0.0005 
Clazosentan treatment group 0.552 0.441–0.691 <0.0001 
Use of rescue therapy, all 12.02 5.544–26.06 <0.0001 
Use of calcium channel blocker 0.444 0.211–0.935 0.0326 
Use of phenytoin 1.968 1.184–3.273 0.0091 

    

DIND    
Patients age, dichotomized 0.939 0.339–2.605 0.9045 

WFNS, collapsed 1.582 1.056–2.371 0.0263 
Type of aneurysm treatment 0.477 0.245–0.927 0.0291 
Use of ventriculostomy 2.722 1.338–5.538 0.0057 
Use of rescue therapy, all 29.19 14.41–59.15 <0.0001 

    

Abnormal TCD    

Patients age, dichotomized 0.290 0.045–1.860 0.1917 

Use of rescue therapy, all 14.67 1.784–120.7 0.0125 

Table 24A Multivariate logistic regression with vasospasm outcomes as dependent 
variables and patients age dichotomized at age 65 as the main explanatory variable 
Adjusted odds ratios for the vasospasm outcomes with significant predictors at 
<10% level and back selected at <5% level. Odds ratio >1, increased risk for vaso-
spasm outcomes; OR, odds ratio; CI, confidence interval; WFNS, World Federation 
of Neurological Surgeons; DIND, delayed ischemic neurological deficit; TCD, tran-
scranial Doppler 
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Vasospasm outcomes Adjusted OR CI 95% P-value 
Radiological Vasospasm    

Patients age, categorized 0.954 0.734–1.239 0.7254 

Gender 1.906 1.063–3.417 0.0304 
WFNS, collapsed 1.357 0.963–1.912 0.0814 

Clot size, collapsed 2.005 1.047–3.841 0.0359 
Type of aneurysm treatment 0.291 0.169–0.499 <0.0001 
Clazosentan treatment group 0.432 0.330–0.565 <0.0001 
Use of ventriculostomy 1.846 1.070–3.184 0.0276 
Use of rescue therapy, all 8.213 2.882–23.41 <0.0001 
Use of hemodynamic therapy 3.397 1.128–10.24 0.0297 
Use of phenytoin 2.111 1.196–3.724 0.0099 

    

Radiological Vasospasm - Imputed    

Patients age, categorized 1.028 0.814–1.301 0.8151 

Gender 1.785 1.062–3.001 0.0287 
WFNS, collapsed 1.419 1.060–1.899 0.0187 
Clot size, collapsed 1.876 1.061–3.314 0.0304 
Type of aneurysm treatment 0.421 0.259–0.683 0.0005 
Clazosentan treatment group 0.553 0.442–0.692 <0.0001 
Use of rescue therapy, all 12.18 5.617–26.43 <0.0001 
Use of calcium channel blocker 0.441 0.209–0.929 0.0314 
Use of phenytoin 1.986 1.193–3.304 0.0083 

    

DIND    

Patients age, categorized 1.103 0.804–2.354 0.5541 

WFNS, collapsed 1.569 1.046–2.354 0.0295 
Type of aneurysm treatment 0.472 0.243–0.919 0.0272 
Use of ventriculostomy 2.672 1.317–5.421 0.0064 
Use of rescue therapy, all 29.99 14.73–61.05 <0.0001 

    

Abnormal TCD    

Patients age, categorized 0.589 0.297–1.167 0.1294 

Use of rescue therapy, all 17.16 2.074–141.9 0.0084 

Table 24B Multivariate logistic regression with vasospasm outcomes as dependent 
variables and patients age categorized by decade as the main explanatory variable 
Adjusted odds ratios for the vasospasm outcomes with significant predictors at 
<10% level and back selected at <5% level. Odds ratio >1, increased risk for de-
pendent variable; OR, odds ratio; CI, confidence interval; WFNS, World Federation 
of Neurological Surgeons; DIND, delayed ischemic neurological deficit; TCD, tran-
scranial Doppler 
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Discussion 

Changes in management and outcome over time 
The volume of elderly SAH patients admitted for treatment at the department 
of Neurosurgery in Uppsala increased over an 18-year period. In part this 
increase has a mere demographic cause, since during the same time the total 
elderly population in the referral area of the clinic increased with 18%. 
However, most of the increase reflects an increasing propensity to refer and 
admit these patients due to changes in attitude towards active treatment in 
this group of patients over time. One explanation for this gradual change 
towards more active treatment of elderly SAH patients may be that it became 
obvious that the general treatment results had improved, and that positive 
experiences of individual cases catalyzed the evolution towards a more ac-
tive treatment policy of the elderly. Subsequently, the management also 
changed at the referral hospitals, which can be illustrated by the finding that 
with time more patients were referred earlier, and artificial ventilation during 
transport was more widely used. With time, elderly patients in more ad-
vanced ages and in worse neurological grade were admitted for active treat-
ment. Improved or unchanged clinical outcome would therefore reflect better 
management, and not an effect of selection of patients with better chances. 

With time, trends toward more favorable outcome and a lower mortality 
rate were seen, but the difference between the periods was not significant in 
the univariate analysis. The rate of severe disability was unchanged. How-
ever, the improvement in outcome may be underestimated because of the 
patients being older and in worse neurological grade with time. Considering 
this it is reasonable to believe that the management of elderly patients had 
actually improved. This was supported in the multivariate logistic regression 
analysis, which revealed that the outcome results had improved substantially. 

The improved results may be explained by several factors. An important 
contribution is the establishment of a NICU, and that elderly patients were 
also treated according to NIC principles, e.g. intensive monitoring and sec-
ondary insult prevention 165. It is difficult to evaluate which specific parts of 
the management approach have had the most important impact. The use of 
ventriculostomy was related to less favorable results according to the multi-
variate logistic regression analysis. The clinical impression is that poor grade 
patients improve and qualify for early aneurysm treatment after CSF drain-
age without an increased risk of re-bleeding. The unexpected finding may be 
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explained by the fact that the indication for ventriculostomy was neurologi-
cal deterioration or re-bleeding in many cases. The timing of aneurysm 
treatment did not influence the outcome significantly. However in the last 2 
periods, more patients underwent treatment of the ruptured aneurysm, which 
most likely has contributed to the improved outcome. The more efficient 
initial management and early referral have probably also had a positive ef-
fect on the results. The introduction of endovascular aneurysm treatment 
during the last period improved the management of patients with aneurysms 
in the posterior circulation in absolute terms, since most elderly patients with 
posterior circulation aneurysm were treated conservatively prior to this. The 
impact of endovascular aneurysm treatment in the elderly SAH patients 
overall was evaluated in a separate investigation, which will be discussed in 
the following section. 

Introduction of coiling in elderly SAH patients 
Shortly after endovascular coiling was established as a routine therapy at our 
department, it became the first line of aneurysm treatment 105. A particularly 
quick change in treatment policy occurred for the elderly SAH patients after 
reports of successful endovascular treatment in this age group 222. The pa-
tients included in paper II was a consecutive series of 62 elderly SAH pa-
tients who were treated for ruptured intracranial aneurysms during the first 
four years this treatment modality was the first line of aneurysm treatment. 
During this period 56% of the elderly patients underwent endovascular coil-
ing, while neurosurgical aneurysm treatment was preferred in 33% and 11% 
were managed conservatively due to clinical deterioration. 

Technical feasibility and aneurysm occlusion rate 

The technical success of endovascular coiling in elderly patients in paper II 
was 94%. Only 4 procedures were terminated because of technical inacces-
sibility. Fifty-six percent of the target aneurysms were completely occluded 
on the end-procedural angiogram. Neck remnants were present in 21% of the 
cases and 11% were not densely packed with coils, which may seem disap-
pointing. The main reason was probably that the goal in this age group was 
to prevent the ruptured aneurysm from re-bleeding without running too great 
a complication risk. It is reasonable to believe that a partly occluded aneu-
rysm may be sufficient for the remainder of a patient’s expected life span, 
but a neurological deficit may substantially decrease the quality of life in this 
age group. The rate of total occlusion in patients of all ages is reported from 
50% to 57.5% 112, 113, 243, 244, and in elderly patients from 39% to 69% 223, 224, 

245-248, which is in accordance with our data. In the ISAT study, the total oc-
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clusion rate on the first angiographic follow up was 66%, 26% had neck 
remnants and 8% had incomplete occlusion in the endovascular group 117. 

Procedural complications 

The procedural complication rate was 11%, most of which were potentially 
serious complications such as aneurysm rupture, parent vessel occlusion and 
occlusion of other vessels due to thrombo-embolism. Procedural complica-
tion rates of this magnitude has been reported before in patients of all ages 
112, 244, 249-253. The total procedural complication rate in elderly patients has 
been reported between 4.2% and 21% 223, 224, 245-248. The rate of procedural 
aneurysm rupture was 2%, which is slightly greater than the 1.4% risk of 
aneurysm rupture during endovascular treatment reported from a high vol-
ume center 254. The rate of parent artery occlusion was 2% and the rate of 
occlusion of arteries other than the parent artery due to thrombosis from 
coils and catheters and embolism was 6%. Thrombo-embolic complications 
at a rate of 5.7% have been reported before 255. However, there was no in-
creased morbidity or mortality related to procedural complications. Of the 7 
patients, who had a procedural complication, 5 enjoyed a favorable outcome, 
1 had a severe disability and 1 patient died. It is generally accepted that the 
seriousness of a disease determines the level of risk, involved with the treat-
ment, one finds acceptable. The natural course of SAH is truly grim, with a 
high risk of fatal re-bleeding and delayed neurological deterioration due to 
vasospasm. Occlusion of the ruptured aneurysm is crucial for the further 
management of the patient, so an 11% risk of a procedural complication in 
treating high-risk elderly patients with this devastating disease may therefore 
be considered acceptable. 

Outcome 

In the crude outcome analysis, 41% of all patients and 57% of the Hunt & 
Hess I–II patients had a favorable outcome. The mortality rate was 22% and 
36% were severely disabled at 6 months after SAH. These outcome figures 
are comparable to other series of endovascularly treated aneurysms in eld-
erly SAH patients. In a small series of 9 endovascularly treated elderly SAH 
patients in good neurological grade by Rowe and colleagues, 6 had a favor-
able outcome, 1 had a severe disability, 1 patient died and 1 patient was lost 
to follow-up 222. In a study by Birchall et al, 12 of 14 good grade elderly 
SAH patients made a full recovery, 1 had a moderate disability and 1 patient 
died 223. In a series by Sedat and colleagues of 52 endovascularly treated 
patients �65 years, 48% had a favorable outcome, 27% were severely dis-
abled and the mortality rate was 23% at 1 year after the SAH 224. Lubicz et al 
reported good or excellent outcome in 59% of 68 elderly SAH patients 
treated with endovascular coiling 245. However, these series enclosed a 
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greater proportion of good grade patients and a greater proportion of patients 
with a low Fisher grade compared to the patients in paper II. In a series by 
Mont’alverne et al 52% of endovascularly treated SAH patients over 60 
years had a favorable outcome and the mortality rate was 36% 248. In a series 
by Cai et al of 41 SAH patients over 70 years, 89% of Hunt and Hess I–II 
patients had a favorable outcome, whereas 77% of Hunt and Hess III–V 
patients were severely disabled or died 247. Jain et al reported 38% favorable 
outcome in Hunt and Hess IV–V patients over 70 years 246. In paper II, 65% 
of the patients were �70 years and 34% of the patients were in poor neuro-
logical grade on admission. Furthermore, 24% of the patients had posterior 
circulation aneurysms, which before the introduction of endovascular coiling 
largely would have been managed conservatively due to the high surgical 
risks in this age group. The clinical outcome of the patients with posterior 
circulation aneurysms was similar to the patients with anterior circulation 
aneurysms. The results of this series should be viewed against this back-
ground, thus the outcomes in paper II may be considered fair. 

Patients with a low Fisher grade had better outcomes and there was a 
trend towards better outcome in patients treated on days 4–10 and >10 days 
after SAH. This is illustrated in the multivariate logistic regression analysis 
where a later day of treatment was associated with favorable outcome; how-
ever, not statistically significant (p=0.060). This may reflect that the patients 
who underwent endovascular coiling at a later stage after the SAH were sub-
jected to a selection process, in which only patients retaining a good clinical 
grade at this stage were considered for treatment. The optimal timing of en-
dovascular coil embolization of ruptured aneurysms in the elderly requires 
further investigation in larger series. However, it is notable that as many as 
40% of the patients treated before and during the “vasospasm phase” had a 
favorable outcome. 

The aneurysm location seems to be an important determining factor for 
clinical outcome in endovascularly treated elderly SAH patients. In spite of 
small numbers, differences in outcome depending on aneurysm location 
were seen; however, interpretation should be made with caution. The highest 
proportion of favorable outcomes and lowest proportion of severe disabilities 
were seen in patients with ICA and PComA aneurysms, whereas the most 
severe disability was seen in patients with aneurysms on the ACA and the 
AComA. Half of the patients (3/6) with MCA aneurysms had a poor out-
come and only one enjoyed a favorable outcome, which implies that the 
endovascular aneurysm treatment of MCA aneurysms is associated with 
higher risks (further discussed below). 

Due to differences in the patient populations, comparison of the outcome 
results of this endovascular series to previous surgical series at the depart-
ment was problematic. A comparison of neurosurgical clipping and en-
dovascular coiling was also beyond the scope of paper II, but was done in 
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paper III on a subset of elderly patients randomized to endovascular coiling 
or neurosurgical clipping within the ISAT study. 

Coiling versus clipping in elderly SAH patients 
The patients in paper III were a subset of all patients 65 years or older in the 
ISAT study. They were predominately good grade patients with a single 
small anterior circulation aneurysm, which reflects a selection bias due to the 
eligibility criteria for entering the trial. Less than 10% of the patients were in 
poor neurological grade (WFNS IV–V) on admission. This probably reflects 
the view in many centers that early neurosurgical aneurysm treatment was 
deemed inappropriate in a poor grade elderly patient and early endovascular 
treatment was therefore preferred in these patients 256. The proportion of 
posterior circulation aneurysms was 1.4%; a low figure compared to other 
surgical and particularly endovascular series. Most centers probably consid-
ered endovascular treatment the favored modality for these aneurysms 257. 
The findings in paper III can be generalized to elderly patients similar to 
those enrolled, i.e. good grade elderly patients with a ruptured anterior circu-
lation aneurysm with a suitable anatomy for either endovascular or neuro-
surgical treatment. 

Outcome 

In paper III there was no statistically significant difference in independent 
survival between endovascular and neurosurgical treatment, although there 
was a trend towards a greater proportion of independent survival after en-
dovascular treatment (60%) than after neurosurgery (56%). The number of 
elderly patients in the ISAT study were relatively few (278), encompassing 
only 13% of the whole study population, thus not enough to reach the goal of 
the statistical power calculations set out in the ISAT study protocol for the 
whole study cohort. However, there is no reason to doubt that the reduction 
of dependent survival or death after endovascular treatment seen in all pa-
tients in the ISAT cohort shouldn’t be valid even in the elderly. 

The location of the ruptured aneurysm had an important impact on the 
functional outcome in paper III, as in paper II. Moreover, the aneurysm oc-
clusion technique – endovascular coiling or neurosurgical clipping – influ-
enced the functional outcome depending on the aneurysm location. 

ACA and AComA aneurysm – Patients with ruptured ACA and AComA 
aneurysms had 55% independent survival in the endovascular and 51% in-
dependent survival in the neurosurgical group. Because of the proximity to 
the frontal lobes it would be expected that these patients could develop cog-
nitive impairment, deficits in executive functions, personality changes and 
speech impairment. These impairments may be caused by the disease itself, 
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i.e. the aneurysm rupture or by regional cerebral vasospasm, but also by the 
treatment of the ruptured aneurysm. Previous studies focusing on the cogni-
tive result after surgical treatment of AComA aneurysms have shown defi-
cits in verbal fluency, pattern recognition and spatial working memory 258, as 
well as increased risk-taking behavior 259. In a comparative study of en-
dovascular and neurosurgical treatment of AComA aneurysms and controls 
have indicated worse cognitive performance in the surgically treated group 
260. There has also been reported a greater structural damage, MRI detected 
focal encephalomalacia and multiple small infarcts, after neurosurgery com-
pared with endovascular treatment 261. 

ICA and PComA aneurysms – Endovascular treatment of ICA and 
PComA aneurysms achieved 72% independent survival compared to 52% in 
the neurosurgically treated group. In the pre-specified subgroup analysis of 
all patients in ISAT, the point estimate for patients with ICA aneurysms 
favored endovascular treatment 117. These results suggest that endovascular 
coiling should be the treatment of choice in elderly SAH patients with a rup-
tured aneurysm in the ICA and PComA territory. 

MCA aneurysms – 87% of the patients who underwent neurosurgery for a 
ruptured MCA aneurysm had an independent outcome at 1 year compared 
with 46% of the endovascularly treated patients. There was no indication 
that the difference in outcome between neurosurgery and endovascular 
treatment was the effect of imbalance between the treatment groups in terms 
of right- or left-sided aneurysms, WFNS grade, Fisher grade, patient age, 
aneurysm lumen diameter, or aneurysm neck size. Difficulty in endovascular 
treatment of MCA aneurysms due to morphological characteristics have 
been described before and is a challenge for the interventional radiologist 253, 

262, 263. The often-encountered configuration with multiple branches arising 
adjacent to the aneurysm neck in MCA aneurysms predisposes to incomplete 
aneurysm occlusion and increased risk for vessel occlusion. This implies that 
endovascular aneurysm treatment of MCA aneurysms is associated with 
higher risks and careful selection of suitable MCA aneurysms for endovas-
cular treatment seems to be fundamental for good results. These results sug-
gest that neurosurgical clipping appear to be the favored treatment for most 
ruptured MCA aneurysms in elderly SAH patients, presupposed that other 
clinical factors does not contraindicate surgery. 

Posterior circulation aneurysms – In paper III only 4 patients with poste-
rior circulation aneurysms were included, due to the inclusion criteria of 
clinical equipoise. Most centers probably considered endovascular therapy to 
be the treatment of choice for these surgically challenging aneurysms in 
elderly SAH patients. Previous studies have reported excellent results with 
endovascular treatment of ruptured and unruptured posterior circulation an-
eurysms 257, 264, 265. 
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Procedural complications 

One objective in paper III was to analyze the rates of procedural complica-
tions of endovascular coiling versus neurosurgical clipping of elderly SAH 
patients. Since the procedural complications to a certain extent are proce-
dure-specific, the comparison of procedural complications was made by the 
actual treatment performed and not by the randomized treatment allocation. 

Aneurysm rupture is a feared intra-procedural complication during both 
endovascular coiling and neurosurgical clipping of an intracranial aneurysm 
254, 266. Aneurysm rupture during aneurysm surgery has been reported at a 
rate of 17–19% and is associated with less favorable outcome 266, 267. During 
endovascular coiling the risk of aneurysm rupture has been reported to 1.4% 
254. In paper III the rate of aneurysmal rupture during treatment was signifi-
cantly higher in the neurosurgically treated group (16.7%) than in the en-
dovascular group (6.4%). However, aneurysm rupture did not have a signifi-
cant impact on functional outcome in either treatment group. 

The rate of thrombo-embolic problems after the procedure was higher in 
the endovascularly treated group (7.1%) compared to the neurosurgically 
treated group (1.6%). The rate of parent artery occlusion was similar in the 
endovascular group (5%) compared to the neurosurgical group (3.2%). How-
ever, in the neurosurgically treated patients the occurrence of a procedural 
complication did not have any effect on the functional outcome, whilst proce-
dural complications (other than aneurysm rupture) in the endovascularly 
treated patients had a detrimental effect on the functional outcome. Only 1 
patient with thrombo-embolic problems and none with parent artery occlusion 
had an independent survival. Of the 7 patients in whom a thrombolytic agent 
was used only 1 had an independent outcome. Further development of meth-
ods for avoiding inappropriate intraluminal thrombus formation during en-
dovascular coiling is likely to improve outcome in these patients. 

Adverse events 

The frequency of epilepsy was greater after neurosurgery than after en-
dovascular aneurysm treatment of the elderly SAH patients in paper III. It is 
reasonable to believe that the craniotomy, aneurysm dissection and the use 
of self-retaining retractors contribute to the development of epilepsy. The 
frequency of epilepsy in the neurosurgically treated patients in paper III was 
higher than in recently published series 268, 269, but lower or at the same level 
as several earlier studies 270-272. The results suggest that the less invasive 
nature of endovascular aneurysm treatment can prevent morbidity in elderly 
SAH patients by reducing the risk of epilepsy. 

Infectious and pulmonary complications, particularly pneumonia was 
found to be more prevalent in the patients allocated neurosurgery than in the 
patients allocated endovascular coiling. These complications are well known 
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in patients with prolonged artificial ventilation 176, 273, increased length of 
stay in an intensive care unit and prolonged bed rest. Accordingly we found 
that neurosurgically treated patients were admitted to hospital for a signifi-
cantly longer period of time than endovascularly treated patients, but there 
was no difference in the length of stay in the intensive care unit. The differ-
ence in the frequency of infections and pulmonary complications between 
the two groups may be that endovascular treatment allowed quicker mobili-
zation in these patients and therefore prolonged bed rest could be avoided 
and earlier discharge from hospital was possible. 

Concern has been raised that endovascular aneurysm treatment does not al-
low irrigation of the basal cisterns and subarachnoid clot removal inherently to 
the nature of the treatment modality. It has been proposed that this would ex-
pose the patient to a greater risk of vasospasm and communicating hydro-
cephalus in the long term. Previous non-randomized studies comparing en-
dovascular coiling and neurosurgical clipping have shown less vasospasm in 
the endovascular group 244, 274-276, less vasospasm in the neurosurgical group 
277, as well as no difference between the two treatment modalities 129, 177, 278, 279. 
One small randomized study showed no difference in the rate of symptomatic 
vasospasm between endovascular and neurosurgical treatment 280. In a recent 
meta-analysis there were no difference in the rate of vasospasm after neuro-
surgical compared to endovascular treatment in patients of all ages 281. 

Moreover, shunt dependent chronic hydrocephalus was unrelated to the an-
eurysm treatment modality in previous non-randomized studies of patients in 
all ages 244, 282, 283. One study found more shunt dependent hydrocephalus after 
endovascular aneurysm treatment, but the patients treated with endovascular 
coiling in this study were in worse neurological grade on admission compared 
to the neurosurgically treated, which may have biased the result 284. 

In paper III there were no difference between the two treatment modalities 
in the frequency of delayed ischemic neurological deficits due to vasospasm or 
in the frequency of hydrocephalus necessitating a later shunting procedure. 
Thus, the importance of subarachnoid clot removal during craniotomy for 
aneurysm surgery may be overestimated in the elderly. 

The shorter length of hospital stay and lesser frequency of pulmonary and 
infectious complications and epilepsy with endovascular aneurysm treatment 
compared with neurosurgical clipping in elderly patients may have implica-
tions for the net cost to the health care sector associated with each procedure. 
Also, a lower frequency of complications and a shorter length of hospital 
stay reduce suffering and are beneficial to the well-being and quality of life 
for the individual patient. 
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Secondary insults in severe subarachnoid hemorrhage 
Although studied extensively in traumatic brain injury, few studies have 
reported the occurrence of secondary insults and its impact on outcome in 
SAH. A pilot study from our center showed that the number of secondary 
complications was an independent negative prognostic factor for favorable 
outcome 164. However the secondary insults were retrospectively recorded 
manually from surveillance charts and treated as categorical data. Heuer et al 
reported increased risk for poor outcome in patients with elevated ICP, in 
particular when ICP did not respond to treatment 285. The measure was the 
mean of a daily maximal ICP. Wartenberg et al studied medical complica-
tions after SAH and their impact on outcome and found that fever, anemia 
and hyperglycemia were independent significant predictors of poor outcome 
286. Each complication in this study was coded as present if it occurred once 
during the hospital stay. As described by Jones et al a large proportion of the 
secondary insults in TBI patients may be missed when using a manual re-
cording method compared to a computerized monitoring system 287. Paper IV 
is the first prospective study using computerized multi-modality monitoring 
for continuous registration of secondary insults and their impact on outcome 
in SAH. In paper V the outcome and impact of secondary insults after severe 
SAH in relation to age was studied. 

All patients in this cohort had severe SAH requiring a ventriculostomy, 
for ICP monitoring and CSF drainage, and neurointensive care. The majority 
of patients were in poor neurological grade on admission (in some patients 
due to secondary deterioration before admission) and with high Fisher 
grades. Also the rates of re-bleeding and clinical vasospasm were higher 
than what is usually reported in consecutive series. The inclusion criteria 
requiring a substantial amount of multi-modality monitoring data during the 
first 10 days after SAH has further skewed the selection of patients toward 
increased severity of the SAH and patients with more complicated course of 
the disease requiring longer stay in the neurointensive care unit. Thus, the 
study population in papers IV and V differs from the general SAH patient 
population but could be quite representative for severe SAH patients admit-
ted to neurointensive care units. The results and interpretations of this patient 
cohort should be viewed accordingly. 

The minimum amount of monitoring data per patient for inclusion in pa-
per IV and V was 5 days of data within the first 10 days after the SAH. The 
actual median monitoring time was approximately 7 to 8 days. Most patients 
had much more monitoring data than the minimum requirements. Thus, the 
amount of monitoring data collected was substantial. The median time from 
the SAH to the start of collection of multi-modality monitoring data was 
approximately 20 hours. Within this time interval one must account for the 
patient to seek medical attention, diagnosis of the SAH, referral time from 
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the referring hospital to our center, and time for intra-hospital transport to 
and from the operation theatre for placement of a ventriculostomy. 

Definitions of secondary insults 

The definitions of secondary insult levels in this study were based on previ-
ous studies of secondary insults in TBI and on clinical tradition and experi-
ences. For high ICP, low CPP, low BPs, low SpO2 and pyrexia the secondary 
insult levels were at or close to the treatment goal for each clinical parame-
ter. Some secondary insult levels, for instance high CPP and high blood 
pressure, were arbitrarily chosen at the other extreme than the treatment goal 
for these parameters. This was done to explore the effects of physiological 
derangement in the opposite direction of what is intuitively associated with 
increased risk for secondary cerebral injury. Further, the same definitions of 
secondary insult levels were used in all patients regardless of age, gender 
and presenting clinical condition. It may be that the vulnerability for secon-
dary brain injury differs depending on the patient characteristics and there-
fore differentiated secondary insult levels should be applied. However, it 
was not possible to foresee how such differentiated insult level definitions 
should be constructed, since there were no prior knowledge of the occur-
rence of secondary insults in different patient groups. 

Occurrence and distribution of secondary insults 

The occurrences of high ICP and low CPP insults were low and unevenly 
distributed. Only a few patients had large proportions of insults. This finding 
was especially distinct for the severe insults (Fig 4 and 5, pages 49–50). 
These findings are consistent with earlier reports on secondary insults in TBI 
from our center 288. 

Previous experience indicates that the occurrence of secondary insults de-
pend on the treatment protocol. Our treatment protocol for SAH stipulates 
continuous CSF drainage if the ICP is elevated above 20 mm Hg due to acute 
hydrocephalus. Most patients with high ICP due to this reason would therefore 
have drained CSF and ICP would have normalized, which explains the low 
occurrence of ICP insults. Patients with high ICP due to other reasons than 
acute hydrocephalus, such as ICH, large IVH or large ischemic lesions, in 
which the elevation in ICP would not be amenable to treat with CSF drainage 
may have spent a greater proportion of monitoring time above insult levels. 

Further, our treatment protocol includes a standard lower limit for CPP 
(60 mm Hg), and action is taken to avoid lower CPP than 60 mm Hg. An 
upper limit for CPP has not been implemented, which explains the low oc-
currence of low CPP insults while high CPP insults were more common. 

The distributions of blood pressure insults (MAP and BPs) show a similar 
pattern, although not so marked for MAP �80 and BPs >180. Our treatment 
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protocol is mainly ICP and CPP oriented and no strict limits for MAP are 
implemented as long as the treatment goals for ICP and CPP are met. 

The occurrence of SpO2 insults was very rare, all patients spent less than 
5% of monitoring time below the severe insults level. Pyrexia was the only 
commonly occurring secondary insult. The goal was to keep body tempera-
ture <38 °C, but this was not achieved in many patients. Efforts must be 
made to find better methods to avoid hyperthermia during neurointensive 
care of SAH patients. 

Occurrence of secondary insults related to base characteristics 

There was no difference between female and male patients in the distribution 
of CPP and ICP insults but female patients sustained more low BPs insults 
and less high BPs insults. Somewhat surprisingly the patient neurological 
grade on admission was not found to be a strong predictor of the subsequent 
occurrence of secondary insults, except for high BPs insult, where patients in 
a poor neurological grade on admission spent more monitoring time above 
the insult levels. As expected, patients with an ICH in addition to the SAH 
on the diagnostic CT had more ICP insults than patients without an ICH. 
Ruptured aneurysms in the anterior cerebral circulation seem to be a factor 
associated with more ICP insults. The patients with anterior circulation aneu-
rysms spent more time at insult levels than patients with posterior circulation 
aneurysms. This may reflect a tendency that the patients with ruptured aneu-
rysms in the anterior circulation to a greater extent also have ICH and IVH 
than patients with ruptured aneurysms in the posterior circulation 92. 

Age and occurrence of secondary insults 

In the elderly patients there was a lower occurrence of ICP insults and a 
higher occurrence of hypertensive, as well as hypotensive, and hypoxemic 
insults. The baseline characteristics on admission such as gender, Hunt and 
Hess grade, Fisher grade, presence of ICH and IVH and location of the rup-
tured aneurysm were similar in all age groups. Therefore it is unlikely that 
the observed difference in the occurrence of secondary insults in different 
age groups is caused by selection bias of patients in the elderly group with 
lower risk of secondary insults. To control for other possible causal factors 
contributing to the occurrence of secondary insults, multivariate logistic 
regression was performed with each secondary insult as dependent variable 
and admission and treatment variables as explanatory variables. 

Age and presence of an ICH were independent factors for decreasing and 
increasing the risk for high ICP insults, respectively. The lower occurrence 
of ICP insults in the elderly SAH patients may be attributed to that the rela-
tive size of the brain to the intracranial compartment decreases with age, due 
to age-related brain atrophy. This has implications for the intracranial dy-
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namics, yielding a greater tolerance for conditions that may lead to increased 
ICP, such as an ICH or disturbed CSF circulation, before the pressure within 
the intracranial compartment increases above insult levels. 

Elderly patients spent a larger percent of GMT above insult levels for 
high BPs. This may be explained by the greater prevalence of hypertension 
in the elderly in the population, which is reflected also in the elderly patients 
admitted with SAH 204. 

The association between age and hypotension was ambiguous and may be 
difficult to interpret. In the univariate analysis the elderly group had a greater 
percent of GMT at insult level for MAP �70 but a lower percent of GMT at 
insult levels for BPs �110 than the younger patients. In the multivariate analysis 
age was independently associated with an increase in the percent of GMT at 
insult levels for hypotensive insults (MAP �70). The effects of aging on the 
cardiovascular system include a decrease in elasticity and a reduced compliance 
of the vasculature, which leads to an increased afterload and increased systolic 
blood pressure 10. The finding that elderly patients had less hypotensive insults if 
defined as BPs �110 is probably explained by the greater prevalence of hyper-
tension in the elderly population, especially high systolic blood pressure, in ac-
cordance with the increased occurrence of hypertensive insults (above). With 
increasing age there is also a decreased reactivity to baro- and chemoreceptors, 
and cardiovascular performance under stress is reduced, which may explain the 
association between age and the increased risk for MAP �70. When in a situa-
tion of hypovolemia elderly patients may have a lower capacity to compensate 
with vasoconstriction and increased cardiac output than younger patients and 
hence are more prone to hypotensive insults. 

The percent of GMT spent at insult levels for low oxygen saturation in-
creased in the elderly age group and increased age was an independent pre-
dictor of increased hypoxemic insults in the multivariate analysis. This may 
be explained by the age-related decline in arterial oxygenation and the re-
duced pulmonary reserve rendering the elderly patient more susceptible to 
respiratory complications during prolonged bed rest in intensive care. In-
creased sensitivity to respiratory depressants and muscle weakness in the 
elderly patient further increase the risk of respiratory complications 11. 

It is obvious in paper V that the physiological monitoring data collected 
during neurointensive care are different in the elderly. This was demon-
strated by applying defined criteria for the secondary insults. For methodo-
logical reasons, the criteria were the same for all ages. This may be reasona-
bly adequate for ICP but regarding e.g. hypertension and hypotension the 
critical threshold for secondary brain injury is probably different depending 
on age. In order to optimize the neurointensive care management of the eld-
erly SAH patients, it is important to identify critical threshold levels in this 
age group. High resolution monitoring data from larger patient series may 
provide a possibility to study the impact of different threshold levels on 
functional outcome and clinical deterioration in different age groups. Fur-
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thermore, multi-modality monitoring, including e.g. intracerebral microdi-
alysis, may be helpful. Extensive monitoring may also be beneficial in the 
elderly concerning the complicated situation observed where both low MAP 
and high systolic BP were common. 

Secondary insults and functional outcome 

It could not be demonstrated in paper IV that any of the secondary insult at 
any level had impact on functional outcome at 6 months after SAH. At most 
tendencies for numerical differences could be seen where the patients with 
an independent outcome had less high ICP and less low CPP insults. How-
ever this should not be interpreted as that secondary insults does not have an 
effect on functional outcome. The standard regimen to early detect and treat 
secondary insults in the NICU has resulted in a low occurrence of secondary 
insults. This may indicate that secondary insults that were avoidable were 
reduced to a minimum, while the insults still present were not amenable to 
treatment and may be coupled to the primary injury. This may explain the 
lack of correlation to long term functional outcome. It is reasonable to be-
lieve that there would have been a stronger correlation between secondary 
insults and outcome in another setting where secondary insults would not 
have been monitored and actively treated. The general experience is that the 
significance of an established prognostic factor disappears if the factor can 
be treated effectively. In this setting, when secondary insults are actively 
avoided, it may be needed a larger patient cohort to prove an effect of secon-
dary insults on outcome. Furthermore, rehabilitation efforts may restore 
and/or alleviate lost functions, which will impact the long-term functional 
outcome. Thus the impact of secondary insults may be overshadowed by the 
impact of the primary injury or rehabilitation efforts. To study the specific 
effects of secondary insults during neurointensive care we used an alterna-
tive outcome measure, based on the clinical course. 

Secondary insults and clinical deterioration 

The patients who deteriorated during stay in NICU spent more time at insult 
levels for high ICP and low CPP, and spent significantly less time at insult 
levels for high CPP, high MAP and high BPs. 

The patients who deteriorated probably reflect a group where the eleva-
tion in ICP was intractable to treatment. Whether the patients deteriorated 
because of the intractable elevated ICP, or ICP was elevated because of 
some factor causing the deterioration is not clear. In the multivariate logis-
tic regression analysis, intracranial hypertension (ICP �25) was an inde-
pendent predictor of clinical deterioration. This implies that raised ICP that 
does not respond to standard treatment for a significant amount of time 
results in clinical deterioration, which was an expected result and consis-
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tent with result from other centers. Heuer and colleagues used mean daily 
maximum ICP as explanatory variable and found that elevated ICP was 
associated with worse patient outcome in particular if ICP did not respond 
to treatment. However, it could not be shown that this association was in-
dependent from neurological grade and severity of the SAH in the multi-
variate analysis in their study 285. 

High CPP insults (CPP >100) were independently associated with im-
provement or unchanged clinical status. Most management protocols (includ-
ing our own) focus on detecting and avoiding high ICP and low CPP, but less 
focus is put on targeting the optimal CPP and MAP. In some treatment proto-
cols for TBI much attention is given to avoid high CPP because of the risk of 
inducing cerebral edema causing additional ICP elevation 289, 290. In SAH, in-
duction of hypervolemia, hypertension and hemodilution (triple-H-therapy) is 
widely accepted for treatment of symptomatic cerebral vasospasm. Managing 
all patients with triple-H-therapy, regardless of symptoms of delayed ischemic 
deficits has also been proposed, but its prophylactic efficacy has not been con-
firmed in randomized controlled trials 155, 156, and it is not recommended 291. 
The finding in paper IV, that CPP over 100 mm Hg independently decreased 
the risk for clinical deterioration may reflect the positive effect of high cere-
bral perfusion pressure in patients with severe SAH on lowering the risk for 
secondary ischemic injury. Conclusions regarding the mechanism can not be 
drawn from this data. Hypothetically the effect could be mediated either di-
rectly by increased CBF to areas of the brain at risk for ischemia or indirectly 
by decreasing the risk for cerebral vasospasm. The threshold at which high 
CPP was defined as an insult in this study was arbitrarily chosen based on 
clinical impression of the ordinary occurrence and supposed clinical impact. 
The optimal CPP levels for decreasing the risk of clinical deterioration in SAH 
patients should be evaluated in future prospective studies. Furthermore, one 
must also bear in mind that spontaneous high CPP due to hypertension and 
normalized ICP may not have the same effect on the risk for clinical deteriora-
tion as induced high CPP by means of vasopresssors and/or volume expansion. 
Therefore it can not be recommended to induce high CPP in all patients based 
on these results. However, it may be beneficial not to lower spontaneous high 
CPP in SAH patients. 

Outcome in elderly patients with severe SAH 

The chance of an independent outcome in the elderly patients with severe 
SAH was 24%, compared to 43% in the younger patients. It can always be 
argued that this figure is too low to justify aggressive neurointensive care in 
this group of patients. However, one must consider the natural history of poor 
grade SAH patients; if untreated, the mortality rate approaches 100% 292, 293. 
The number of elderly patients with severe SAH needed to treat to save one 
patient to an independent life is approximately four to one. The most important 



 78 

issue in this age group is probably the risk of surviving with a severe disability 
as opposed to dying from the hemorrhage. In this perspective the risk of severe 
disability was not increased in the elderly population, but rather on the same 
level as for the younger patients. Thus, the gradually increasing active man-
agement of elderly patients with severe SAH seems to be justified. 

Against these experiences and the increasing proportion of elderly patients in 
the population, it is reasonable to expect that the trend towards treating more and 
more elderly patients with severe SAH will continue. The clue to successful 
treatment is to avoid secondary insults leading to secondary ischemia. Neuroin-
tensive care is dedicated to that purpose. The occurrence and consequences of 
secondary insults are probably different in elderly patients and it is therefore 
desirable to increase the knowledge in this field in order to be able to offer eld-
erly patients with severe SAH a tailored neurointensive care. 

Age and cerebral vasospasm 
In paper VI, possible predictors of vasospasm including age were analyzed 
with multivariate logistic regression to discern which factors had an inde-
pendent effect on the development of radiological vasospasm, DIND and 
abnormal TCD measurements indicative of vasospasm. 

The data used in paper VI was collected for the CONSCIOUS-1 trial, a 
dose-finding study to evaluate the efficacy of three levels of clazosentan in 
preventing vasospasm following SAH. Patients with no or thin subarachnoid 
clot on CT were excluded, thus skewing the studied population towards 
more severe SAH. However the distributions of remaining baseline charac-
teristics were similar to most previous studies and well reflect the typical 
patient population at neurosurgical centers managing SAH patients. 

In some previous studies a reduced risk of radiological vasospasm with 
age have been shown 129, 225, 226, 294, 295, but in other studies age had no effect 
on the rate of radiological vasospasm 229, 296. Likewise the rate of clinical 
vasospasm or DIND has been reported to decrease with age in some studies 
128, 177, 228, while in others the rate of DIND in the elderly patients was similar 
to that of younger patients 129, 229. 

In a retrospective series of Artiola i Fortuny et al the rate of generalized ra-
diological vasospasm declined in patients �60 years 225. Oka et al demon-
strated 23% radiological vasospasm in patients �65 years compared to 44% in 
patients <65 years 294. In these early series the effect of age on vasospasm was 
not controlled for other factors associated with vasospasm, such as clinical 
grade or severity of SAH. Inagawa analyzed the radiological vasospasm grade 
in three age groups: <60 years, 61–69 years and ≥70 years in relation to the 
severity of SAH. The radiological vasospasm grade declined with age, which 
was consistent in all subgroups 226. In a later study by Inagawa the grade of 
radiological vasospasm was analyzed in patients <60 years compared to pa-
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tients �60 years in relation to severity of the SAH and clinical grade. In that 
study strong correlation of the SAH grades to the radiological vasospasm 
grade and to the incidence of symptomatic vasospasm were found, but there 
were no significant differences between older and younger patients 229. 

The observed reduced risk of cerebral vasospasm with age in some previ-
ous studies may be explained by imbalances in clinical grade and severity of 
SAH in the selection of patients in the older and younger age groups. In most 
series predominately elderly patients in good neurological grade were se-
lected for treatment. The neurological grade is correlated to the amount of 
subarachnoid blood, which is a strong predictor of cerebral vasospasm 125. It 
is therefore important to control for other known factors predictive of cere-
bral vasospasm with multivariate analysis, to avoid confounding of the age 
effect on the risk for vasospasm. 

In a retrospective study by Macdonald et al the degree of radiological va-
sospasm was analyzed using multiple regression with severity of radiological 
vasospasm as the dependent variable and preoperative angiographical arte-
rial diameter ratio, clinical grade and age as independent variables. Increased 
age was associated with less radiological vasospasm 295. In a study by Hoh et 
al, age over 50 years was negatively related to total vasospasm (combined 
TCD abnormalities, radiological vasospasm and symptomatic vasospasm), 
but not associated with symptomatic vasospasm alone, when other predictors 
for vasospasm were controlled for in multivariate logistic regression 129. 
Rabb et al analyzed admission and treatment variables as to their relation to 
symptomatic vasospasm using multivariate logistic regression. Clinical 
grade, amount of SAH and younger age (less than 35 years) was found to be 
independent predictors of symptomatic vasospasm 128. In a study by 
Charpentier et al, age >50 years was an independent factor associated with 
reduced risk of symptomatic vasospasm, when other predictors for sympto-
matic vasospasm were controlled for with multivariate logistic regression 177. 
Torbey et al demonstrated that the rate of symptomatic vasospasm and TCD 
defined vasospasm was significantly lower in patients �68 years than in pa-
tients <68 years, but no statistically significant difference between the age 
groups could be detected in the rate of radiological vasospasm 228. 

When TCD has been used for detection of vasospasm according to defined 
criteria 297-299, elderly patients have a lower rate of cerebral blood flow veloci-
ties (CBFV) indicative of vasospasm 227, 228. The sensitivity of high CBFV for 
detecting vasospasm in elderly SAH patients was low when using the same 
criteria as in younger patients 227. Symptomatic vasospasm occurred at lower 
CBFV in elderly patients necessitating an age-dependent CBFV nomogram for 
detecting vasospasm 228. Reasons for lower CBFV in older individuals may be 
explained by the greater prevalence of atherosclerosis, but also by age-
dependent changes in the anatomical course of the MCA changing the insona-
tion angle when performing the TCD measurements 300. 
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Thus, even when other predictive factors for vasospasm are controlled for 
with multivariate analyses, the effect of age on the risk for vasospasm is in-
consistent. Differences in the used measure and definition of vasospasm and 
the used cut-off age for the elderly group in different studies complicate com-
parison and influence the interpretation. It was therefore desirable to investi-
gate the independent effect of age on radiological vasospasm, DIND and TCD 
abnormalities in the same prospective cohort of patients in paper VI. Multi-
variate logistic regression was used to control for admission and treatment 
variables that may be associated with vasospasm. The outcome measures, 
radiological vasospasm, DIND and TCD abnormalities, were clearly defined 
in the protocol and data was meticulously recorded prospectively. 

Age is not a predictor of cerebral vasospasm 

In the univariate analysis in paper VI, a trend towards less radiological vaso-
spasm and less TCD abnormalities in the elderly age group was seen when 
age was considered dichotomized at age 65. However the proportion of pa-
tients �65 years was only 11% of the total study population, creating an im-
balance between the age groups. This was the reason for categorizing age by 
decade to get a more even distribution of patients in the different age groups. 
When age was considered categorized by decade it was obvious that there 
was no difference in the rate of radiological vasospasm and DIND between 
the age groups. There was a numerical difference with less TCD abnormali-
ties in the patients over 60 years compared to the younger patients, however 
not statistically significant. 

In the multivariate analysis, age, whether considered as a dichotomous or 
a categorical variable, was not significantly associated with radiological 
vasospasm, DIND or TCD abnormalities. 

The size of the patient cohort was chosen based on power calculations for 
demonstrating a reduction in radiological vasospasm in the clazosentan 
treatment groups, and not for the question in the present study. It can there-
fore be argued that the sample size may be too small for rejecting the null 
hypothesis, that there is no difference between elderly and younger patients 
in the rate of vasospasm, i.e. supporting that there is an actual difference. 
However, the present study population is larger than or has approximately 
the same size as previous studies that have shown an age-dependent differ-
ence in the rate of vasospasm. 

Thus, the main finding in paper VI that the patient age does not seem to 
be a predictor for cerebral vasospasm after SAH, does not appear to be an 
effect of selection bias, inaccurate detection rate of vasospasm or too small 
study population. 
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Conclusions 

Elderly patients with SAH can be treated successfully and the results are 
improving and a defeatist attitude towards elderly patients with this other-
wise devastating disease is not justified. 

Endovascular aneurysm treatment can be performed in elderly SAH patients 
with a high level of technical success, with acceptable aneurysm occlusion 
results, with an acceptable rate of procedural complications, and with fair 
outcome results. 

There was no clear evidence that early endovascular coil embolization in 
elderly SAH patients should be avoided. 

Middle cerebral artery aneurysms may be less suitable for endovascular coil-
ing and elderly SAH patients with middle cerebral artery aneurysms appear 
to benefit from neurosurgical clipping. 

Endovascular coiling may be the treatment of choice for ruptured internal 
carotid artery and posterior communicating artery aneurysms in elderly SAH 
patients. 

Endovascular coiling reduced the risk of infectious and pulmonary complica-
tions and the frequency of epilepsy compared to neurosurgical clipping in 
elderly SAH patients. 

Endovascular coiling reduced the length of stay in hospital compared to neu-
rosurgical clipping in elderly SAH patients. 

A neurointensive care unit with strict management protocols and standard 
treatment regimens for detecting and treating secondary insults has resulted 
in a low occurrence of secondary insults in SAH patients. 

The occurrence of secondary insults was not predictive of poor functional 
outcome in this study. 
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Elevated ICP not responding to treatment is predictive of clinical deterioration 
whereas high CPP is associated with decreased risk of clinical deterioration. 

It may be beneficial not to lower spontaneous high CPP in SAH patients. 

Elderly patients with severe SAH have less intracranial hypertension insults and 
more hypertensive, hypotensive and hypoxemic insults than younger patients. 

An independent outcome was achieved in a substantial proportion of the 
elderly patients with severe SAH and the proportion of elderly patients with 
severe disability was at the same level as for younger patients. Thus, neuro-
intensive care is justified also in elderly patients with severe SAH. 

Further studies of multi-modality monitoring may provide insights on age-
specific secondary insult levels necessary for a tailored neurointensive care 
specific for elderly patients with severe SAH. 

Patient age is not a significant independent predictor for radiological vaso-
spasm, clinical vasospasm and transcranial Doppler abnormalities indicative 
of vasospasm after SAH. 
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Summary in Swedish – Sammanfattning på 
svenska 

Subaraknoidalblödning (SAB) till följd av ett brustet intrakraniellt aneurysm 
är en allvarlig sjukdom med hög dödlighet och stor risk för betydande neuro-
logiska handikapp. Äldre patienter med SAB har en sämre prognos än yngre, 
och historiskt har aktiv behandling av äldre SAB-patienter inte bedömts vara 
meningsfullt. Nya behandlingsstrategier har dock möjliggjort aktiv behand-
ling av allt fler och allt äldre SAB-patienter. Idag är 17% av befolkningen 
över 65 år och andelen äldre fortsätter öka. Incidensen av SAB tilltar med 
åldern och i takt med den ökande andelen äldre i befolkningen kommer anta-
let äldre SAB-patienter att stiga. Således är det nödvändigt att öka kunska-
pen om behandling av SAB specifikt i den äldre åldersguppen. 

281 patienter �65 år med SAB som vårdades på neurokirurgiska kliniken i 
Uppsala under åren 1981 till 1998 studerades retrospektivt. Patienterna inde-
lades i tre tidsperioder: A: 1981–86 (före neurointensivvård), B: 1987–92 
(tidigt efter införandet av neurointensivvård) och C: 1993–98 (neurointen-
sivvården fullt utbyggd). 

Volymen äldre patienter som behandlades ökade med tiden och framför allt 
ökade antalet patienter �70 år och andelen medvetandepåverkade och med-
vetslösa äldre patienter. Andelen äldre patienter som levde ett självständigt liv 
utan eller med endast ringa neurologiska handikapp vid uppföljningen ökade 
med tiden (A: 45%, B: 61% and C: 58%). Däremot ökade inte andelen patien-
ter med svåra neurologiska handikapp och stort vårdbehov. Således räddades 
de flesta inte bara till livet, utan också till en självständig tillvaro. 

Resultaten talar för att man bör ha en aktiv och icke defaitistisk attityd vid 
behandling av äldre patienter med SAB. 

Under 1990-talet utvecklades en ny teknik att behandla intrakraniella aneu-
rysm med endovaskulär teknik – coiling. Idén att behandla intrakraniella 
aneurysm endovaskulärt framstod som särskilt tilltalande hos äldre och svårt 
sjuka patienter, hos vilka hjärnan förefaller vara särskilt känslig för ytterlig-
gare kirurgiskt trauma vid operation med öppen teknik. 

Det tekniska och kliniska behandlingsresultatet av 62 äldre SAB-patienter 
(�65 år), som behandlades med endovaskulär coiling under de första fyra år 
denna nya behandlingsteknik användes i Uppsala, studerades. 
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Endovaskulär coiling var tekniskt möjligt i 94% av patienterna. Ocklu-
sionsgraden av det behandlade aneurysmet var helt ockluderat i 56%, hals-
rest i 21% och kvarvarande minimal fyllnad av aneurysmet i 11%. Procedur-
relaterade komplikationer inträffade i 11% av patienterna, men dessa kom-
plikationer påverkade inte det kliniska behandlingsresultatet negativt. Ande-
len patienter som återgick till ett självständigt liv var 57% av de vakna 
patienterna, 47% av patienterna med grumlat medvetande och 17% av de 
medvetslösa patienterna. 

Endovaskulär coiling av intrakraniella aneurysm hos äldre SAB patienter 
kan genomföras med en hög grad av teknisk framgång, med acceptabel oc-
klusionsgrad av aneurysmen, acceptabel komplikationsfrekvens och med 
rimliga behandlingsresultat. 

International Subarachnoid Aneurysm Trial (ISAT) är en internationell ran-
domiserad multicenterstudie som jämför behandlingsresultatet mellan öppen 
neurokirurgisk behandling och endovaskulär coiling för behandling av in-
trakraniella aneurysm efter SAB. 

En subgrupp av 278 äldre (�65 år) SAB-patienter som deltog i ISAT-
studien studerades med avseende på kliniskt behandlingsresultat 1 år efter 
SAB, procedurrelaterade komplikationer och övriga komplikationer i de två 
behandlingsgrupperna. 

Av de 138 patienter som randomiserades till endovaskulär behandling 
återgick 60% till ett självständigt liv jämfört med 56% av de 140 patienter 
som randomiserades till öppen neurokirurgisk behandling. Andelen patienter 
med aneurysm på a. carotis interna och a. communicans posterior som åter-
gick till ett självständigt liv var 72% i den endovaskulärt behandlade grup-
pen jämfört med 52% i gruppen som genomgått öppen neurokirurgisk be-
handling. Av patienterna med aneurysm på a. cerebri media återgick 46% av 
patienterna i den endovaskulära gruppen till ett självständigt liv jämfört med 
87% i den neurokirurgiska gruppen. Frekvensen av epilepsi och lungkompli-
kationer var högre och vårdtiden längre i gruppen som genomgått neuroki-
rurgisk behandling jämfört med den endovaskulärt behandlade gruppen. 

Vid behandling av äldre patienter med SAB bör endovaskulär behandling 
vara förstahandsmetod, då det brustna aneurysmet utgår från a. carotis inter-
na eller a. communicans posterior. Öppen neurokirurgisk behandling bör 
kanske föredras då aneurysmet utgår från a. cerebri media. 

Ogynnsamma sekundära händelser under neurointensivvården – sekundära 
insulter – antas bidra till ytterliggare hjärnskada utöver den primära hjärn-
skadan efter SAB. 

Ett datoriserat multimodalt övervakningsverktyg användes för att konti-
nuerligt samla in monitoreringsdata med ett mätvärde per minut för intrakra-
niellt tryck (ICP), cerebralt perfusionstryck (CPP), medelartärblodtryck 
(MAP), systoliskt blodtryck (BPs), syrgasmättnad i blodet (SpO2) och 
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kroppstemperatur (T°). Nivåer för varje sekundär insult definierades och 
förekomsten av sekundära insulter kvantifierades som procent av den totala 
monitoreringstiden över den definierade insultnivån. 

99 patienter med svår SAB som behandlades med ventrikeldränage och 
neurointensivvård och med tillräcklig mängd monitoreringsdata inkludera-
des. Förekomsten av sekundära insulter var låg och ojämnt fördelad; merpar-
ten av patienterna hade mindre än 5–10% av monitoreringstiden ovan insult-
nivå, medan ett fåtal patienter hade en stor andel av monitoreringstiden ovan 
insultnivå. Kön ålder, grad av neurologisk påverkan, förekomst av intrace-
rebralt hematom och plats för aneurysmet inverkade på förekomsten av se-
kundära insulter. 

Förekomsten av varje enskild sekundär insults inverkan på kliniskt be-
handlingsresultat och risk för neurologisk försämring under vårdtiden under-
söktes med multipel logistisk regression. Ingen av de studerade sekundära 
insulterna kunde påvisas ha inverkan på det kliniska behandlingsresultatet 
vid 6 månader efter SAB. En större proportion av monitoreringstiden med 
ICP �25 och en mindre proportion av monitoreringstiden med CPP >100 var 
oberoende prognostiska faktorer för neurologisk försämring. 

Det är troligt att neurointensivvård och prevention av sekundära insulter har 
en mer framträdande betydelse vid behandling av äldre SAB-patienter, efter-
som de är känsligare och mer sårbara för komplikationer. De goda erfarenhe-
terna av behandling av äldre SAB-patienter ledde till en relativt hastig för-
ändring av attityden till aktiv behandling av allt äldre patienter och äldre 
patienter med svår SAB. 

Förekomsten av höga ICP-insulter var lägre medan förekomsten av hyper-
tensiva, hypotensiva och hypoxemiska insulter var högre bland äldre patien-
ter med svår SAB. Med multipel logistisk regression analyserades vilka epi-
demiologiska och kliniska behandlingsfaktorer som hade inverkan på före-
komsten av varje enskild sekundär insult. Stigande ålder var associerad med 
minskad risk för ICP �20 och ICP �25 och ökad risk för MAP �70, BPs 
>180, BPs >200 och SpO2 <95. Av de äldre patienterna med svår SAB åter-
gick 24% till ett självständigt liv 6 månader efter blödningen jämfört med 
43% av de yngre, medan andelen överlevande med svåra neurologiska han-
dikapp var likartad mellan yngre och äldre patienter.  

Således är neurointensivvård meningsfullt även för äldre patienter med 
svår SAB. Mönstret av sekundära insulter skiljer sig mellan äldre och yngre 
patienter. Fortsatta monitoreringsstudier kan leda till åldersdifferentierade 
gränser för sekundära insulter, nödvändiga för att utveckla en skräddarsydd 
neurointensivvård specifik för äldre SAB-patienter. 

Cerebral vasospasm är en fruktad komplikation och en bidragande orsak till 
neurologiska bortfall och död efter SAB. Flera tidigare studier tyder på att 
äldre patienter med SAB drabbas av denna komplikation i mindre utsträck-
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ning än yngre patienter, men i flera studier kontrollerades inte för effekten av 
andra faktorer som har betydelse för risken att utveckla vasospasm. 

413 patienter som ingick in en läkemedelsstudie (CONSCIOUS-1), varav 
45 patienter �65 år, studerades med syftet att bestämma om ålder är en obe-
roende prediktiv faktor för risken att utveckla vasospasm. Multipel logistisk 
regression användes för att kontrollera för effekten av andra möjliga predik-
tiva faktorer för vasospasm, såsom kön, grad av neurologisk påverkan, 
mängd subaraknoidalt blod, aneurysmbehandlingsmetod och användningen 
av olika läkemedel och vätsketerapier. 

Patientåldern kunde inte påvisas vara en oberoende prediktiv faktor för ris-
ken att utveckla radiologisk vasospasm, klinisk vasospasm respektive ökad 
blodflödeshastighet mätt med transkraniell Doppler talande för vasospasm. 
Således är risken att utveckla vasospasm är inte avhängig patientens ålder. 



 87

Acknowledgements 

I wish to express my sincere gratitude to: 

Per Enblad, my supervisor, for excellent guidance and encouragement, for 
always being optimistic and confident about the progress of this project and 
for kindly sharing your knowledge and passion for science and neurosurgery. 

Kristina Giuliana Cesarini, my co-supervisor, for your never-ending ener-
getic support and for enthusiastically bringing me into the field of neurosur-
gery, and for upgrading my Italian cooking skills. 

My co-authors, Charles Contant, Lennart Persson, Ola Norbäck, Gyula 
Gál, Metin Tovi, Sten Solander, Tim Howells, Pelle Nilsson, Elisabeth 
Ronne-Engström, Richard Kerr, Andrew Molyneux, Don Ilodigwe, and 
Loch Macdonald, for sharing their expertise, stimulating discussions and 
for valuable criticism in writing the papers. 

Richard Kerr, Andrew Molyneux and the ISAT Collaborative Group for 
collaboration and kind permission to use the data from the ISAT study; and 
Julia Yarnold, Mary Sneade and Joan Rischmiller for help with manage-
ment, cleaning and extraction of the data from the ISAT database. 

Loch Macdonald, the CONSCIOUS-1 Investigators and Actelion Phar-
maceuticals for collaboration and kind permission to use the data from the 
CONSCIOUS-1 trial. 

Lennart Persson, Hans Bolander and Nils Wesslén, former and present 
heads of the department of neurosurgery, for support and granting me time 
off the clinical work for research. 

Tim Howells for creating and developing the Odin Browser, formerly 
known as the Edinburgh Browser. 

Inger Stjernling for help with collecting treatment data from the NICU, and 
Karin Skoglund and Leena Lindeborg for help with collecting the follow-
up data. 



 88 

Maude Karlsdotter for excellent administrative help. 

Britt Selberg for helpful assistance with the patient record acquisitions. 

All my colleagues at the department of neurosurgery for professional en-
couragement and making it exciting to go to work everyday. 

All personnel at NIVA, NIMA, 85E and Neuro-op, for taking care of the 
patients with great effort and vigilance. 

Erik, Karin and Gösta Selander’s stiftelse and the Swedish Research 
Council for financial support. 

Kristin Elf and Carolina Samuelsson, my former PhD-student colleagues, 
for making the time in the NICU “lab” enjoyable. 

Johan, Mats, Markus, Martin, Petter and Rikard, my friends from child-
hood, for encouraging me to take my thoughts off research and work to go 
fishing, hunting, skiing and kayaking or just discussing peculiarities while 
wining and dining. 

Kel Varnsen, Martin van Nostrand, H.E. Pennypacker and Art Vandelay 
for sharing all those hilarious moments. 

My loving parents, Karl-Erik and Marianne, to whom this thesis is dedi-
cated, for providing me with all the tools and traits that I need in life. And my 
brother and sister, Per and Åsa, for shaping me through growing-up together. 

Linda, my love, for making me laugh and your 24–7 support and encour-
agement, and for being my .ppt guru; and my daughter, Ingrid, for explain-
ing to me what’s really important. 



 89

References 

1. SCB Sweden's population by sex and age 31/12/2006 accessed from 
<http://www.scb.se/templates/tableOrChart____78315.asp> (accessed 6 Nov 
2007) 

2. Persson G, Bostrom G, Allebeck P, Andersson L, Berg S, Johansson L and 
Thille A. Chapter 5. Elderly people's health--65 and after. Health in Sweden: 
The National Public Health Report 2001. Scand J Public Health Suppl 
2001;58:117-131. 

3. Hop JW, Rinkel GJ, Algra A and van Gijn J. Case-fatality rates and func-
tional outcome after subarachnoid hemorrhage: a systematic review. Stroke 
1997;28(3):660-664. 

4. Sacco RL, Wolf PA, Bharucha NE, Meeks SL, Kannel WB, Charette LJ, 
McNamara PM, Palmer EP and D'Agostino R. Subarachnoid and intracere-
bral hemorrhage: natural history, prognosis, and precursive factors in the 
Framingham Study. Neurology 1984;34(7):847-854. 

5. Ingall TJ, Whisnant JP, Wiebers DO and O'Fallon WM. Has there been a 
decline in subarachnoid hemorrhage mortality? Stroke 1989;20(6):718-724. 

6. Ellenbogen BK. Subarachnoid haemorrhage in the elderly. Gerontol Clin 
(Basel) 1970;12(2):115-120. 

7. Keller AZ. Hypertension, age and residence in the survival with subarach-
noid hemorrhage. Am J Epidemiol 1970;91(2):139-147. 

8. Martindale BV and Garfield J. Subarachnoid haemorrhage above the age of 
59: are intracranial investigations justified? Br Med J 1978;1(6111):465-466. 

9. Elliott JP and Le Roux PD. Subarachnoid hemorrhage and cerebral aneu-
rysms in the elderly. Neurosurg Clin N Am 1998;9(3):587-594. 

10. Cheitlin MD. Cardiovascular physiology-changes with aging. Am J Geriatr 
Cardiol 2003;12(1):9-13. 

11. Sprung J, Gajic O and Warner DO. Review article: Age related alterations in 
respiratory function - anesthetic considerations: [Article de synthese : Les 
modifications de fonction respiratoire liees a l'age - considerations anesthe-
siques]. Can J Anaesth 2006;53(12):1244-1257. 

12. Beck LH. Changes in renal function with aging. Clin Geriatr Med 
1998;14(2):199-209. 

13. Morgagni JB. De sedibus et causis morborum per anatomen indagatis, book 
1, letter 4. Venetis: Ex Typographia Remondiniana, 1761. 

14. Biumi F. Observationes Anatomicae, scholiis illustratae. Observatio V Caro-
tis ad receptaculum vieussenii aneurysmatica. Mediolani, 1765. In: E. Sandi-
fort, ed. Thesaurus Dissertationum. Leiden: Lugduni Batavorum S. & J. 
Luchtmans, 1778: 373-379. 

15. Blackall J. Observations on the Nature and Cure of Dropsies. London: 
Longman, Hurst, Rees, Orme and Brown, Paternoster-Row, 1813. 

16. Gull W. Cases of aneurism of the cerebral vessels. Guy's Hosp Rep 
1859;5:281-304. 



 90 

17. Hutchinson J. Aneurism of the internal carotid within the skull diagnosed 
eleven years before the patient's death. Spontaneuos cure. Trans Clin Soc 
Lond 1875;8:127-131. 

18. Schorstein J. Carotid ligation in saccular intracranial aneurysms. Br J Surg 
1940;28(109):50-70. 

19. Crutchfield WG. Instruments for use in the treatment of certain intracranial 
vascular lesions. J Neurosurg 1959;16(4):471-474. 

20. Logue V. Surgery in spontaneous subarachnoid haemorrhage; operative 
treatment of aneurysms on the anterior cerebral and anterior communicating 
artery. Br Med J 1956;1(4965):473-479. 

21. Moniz E. Anéurysme intra-cranien de la carotide interne droite rendu visible 
par l'artériographie cérébral. Rev Otoneuroophthalmol 1933;11:746-748. 

22. Dott NM. Intracranial aneurysms: Cerebral arterio-radiography: Surgical 
treatment. Edinburgh Medical Journal 1933;40:219-240. 

23. Todd NV, Howie JE and Miller JD. Norman Dott's contribution to aneurysm 
surgery. J Neurol Neurosurg Psychiatry 1990;53(6):455-458. 

24. Dandy WE. Intracranial Aneurysm of the Internal Carotid Artery: Cured by 
Operation. Ann Surg 1938;107(5):654-659. 

25. Cushing H. The Control of Bleeding in Operations for Brain Tumors: With 
the Description of Silver "Clips" for the Occlusion of Vessels Inaccessible to 
the Ligature. Ann Surg 1911;54(1):1-19. 

26. Mayfield FH and Kees G, Jr. A brief history of the development of the May-
field clip. Technical note. J Neurosurg 1971;35(1):97-100. 

27. Lundberg N. Continuous recording and control of ventricular fluid pressure 
in neurosurgical practice. Acta Psychiatr Scand [Suppl] 1960;149:1-193. 

28. Jacobson JH, 2nd, Wallman LJ, Schumacher GA, Flanagan M, Suarez EL 
and Donaghy RM. Microsurgery as an aid to middle cerebral artery endarter-
ectomy. J Neurosurg 1962;19:108-115. 

29. Yasargil MG and Fox JL. The microsurgical approach to intracranial aneu-
rysms. Surg Neurol 1975;3(1):7-14. 

30. Drake CG. The treatment of aneurysms of posterior circulation. Clin Neuro-
surg 1979;26:96-144. 

31. van Gijn J and Rinkel GJ. Subarachnoid haemorrhage: diagnosis, causes and 
management. Brain 2001;124(Pt 2):249-278. 

32. Inci S and Spetzler RF. Intracranial aneurysms and arterial hypertension: a 
review and hypothesis. Surg Neurol 2000;53(6):530-540; discussion 540-532. 

33. Forbus WD. On the formation of miliary aneurysms of the superficial cere-
bral arteries. Bull Johns Hopkins Hosp 1930;47:239-284. 

34. Glynn LE. Medial defects in the circle of Willis and their relation to aneu-
rysm formation. J Path Bacteriol 1940;51:213-222. 

35. Stehbens WE. Etiology of intracranial berry aneurysms. J Neurosurg 
1989;70(6):823-831. 

36. Schievink WI. Genetics of intracranial aneurysms. Neurosurgery 
1997;40(4):651-662; discussion 662-653. 

37. Norrgard O, Angquist KA, Fodstad H, Forsell A and Lindberg M. Intracra-
nial aneurysms and heredity. Neurosurgery 1987;20(2):236-239. 

38. Ronkainen A, Hernesniemi J and Ryynanen M. Familial subarachnoid hem-
orrhage in east Finland, 1977-1990. Neurosurgery 1993;33(5):787-796; dis-
cussion 796-797. 

39. Schievink WI, Schaid DJ, Michels VV and Piepgras DG. Familial aneurys-
mal subarachnoid hemorrhage: a community-based study. J Neurosurg 
1995;83(3):426-429. 



 91

40. Ronkainen A, Hernesniemi J, Puranen M, Niemitukia L, Vanninen R, Ryy-
nanen M, Kuivaniemi H and Tromp G. Familial intracranial aneurysms. 
Lancet 1997;349(9049):380-384. 

41. Wills S, Ronkainen A, van der Voet M, Kuivaniemi H, Helin K, Leinonen E, 
Frosen J, Niemela M, Jaaskelainen J, Hernesniemi J and Tromp G. Familial 
intracranial aneurysms: an analysis of 346 multiplex Finnish families. Stroke 
2003;34(6):1370-1374. 

42. Bromberg JE, Rinkel GJ, Algra A, Greebe P, van Duyn CM, Hasan D, Lim-
burg M, ter Berg HW, Wijdicks EF and van Gijn J. Subarachnoid haemor-
rhage in first and second degree relatives of patients with subarachnoid 
haemorrhage. Bmj 1995;311(7000):288-289. 

43. Gaist D, Vaeth M, Tsiropoulos I, Christensen K, Corder E, Olsen J and 
Sorensen HT. Risk of subarachnoid haemorrhage in first degree relatives of 
patients with subarachnoid haemorrhage: follow up study based on national 
registries in Denmark. Bmj 2000;320(7228):141-145. 

44. Petitti DB and Wingerd J. Use of oral contraceptives, cigarette smoking, and 
risk of subarachnoid haemorrhage. Lancet 1978;2(8083):234-235. 

45. Bonita R. Cigarette smoking, hypertension and the risk of subarachnoid hemor-
rhage: a population-based case-control study. Stroke 1986;17(5):831-835. 

46. Knekt P, Reunanen A, Aho K, Heliovaara M, Rissanen A, Aromaa A and 
Impivaara O. Risk factors for subarachnoid hemorrhage in a longitudinal 
population study. J Clin Epidemiol 1991;44(9):933-939. 

47. Longstreth WT, Jr., Nelson LM, Koepsell TD and van Belle G. Cigarette 
smoking, alcohol use, and subarachnoid hemorrhage. Stroke 
1992;23(9):1242-1249. 

48. Juvela S, Hillbom M, Numminen H and Koskinen P. Cigarette smoking and 
alcohol consumption as risk factors for aneurysmal subarachnoid hemor-
rhage. Stroke 1993;24(5):639-646. 

49. Adamson J, Humphries SE, Ostergaard JR, Voldby B, Richards P and Pow-
ell JT. Are cerebral aneurysms atherosclerotic? Stroke 1994;25(5):963-966. 

50. Isaksen J, Egge A, Waterloo K, Romner B and Ingebrigtsen T. Risk factors 
for aneurysmal subarachnoid haemorrhage: the Tromso study. J Neurol Neu-
rosurg Psychiatry 2002;73(2):185-187. 

51. Feigin VL, Rinkel GJ, Lawes CM, Algra A, Bennett DA, van Gijn J and 
Anderson CS. Risk factors for subarachnoid hemorrhage: an updated sys-
tematic review of epidemiological studies. Stroke 2005;36(12):2773-2780. 

52. Phillips LH, 2nd, Whisnant JP, O'Fallon WM and Sundt TM, Jr. The un-
changing pattern of subarachnoid hemorrhage in a community. Neurology 
1980;30(10):1034-1040. 

53. Taylor CL, Yuan Z, Selman WR, Ratcheson RA and Rimm AA. Cerebral 
arterial aneurysm formation and rupture in 20,767 elderly patients: hyperten-
sion and other risk factors. J Neurosurg 1995;83(5):812-819. 

54. Toftdahl DB, Torp-Pedersen C, Engel UH, Strandgaard S and Jespersen B. 
Hypertension and left ventricular hypertrophy in patients with spontaneous 
subarachnoid hemorrhage. Neurosurgery 1995;37(2):235-239; discussion 
239-240. 

55. Rinkel GJ, Djibuti M, Algra A and van Gijn J. Prevalence and risk of rupture 
of intracranial aneurysms: a systematic review. Stroke 1998;29(1):251-256. 

56. Wermer MJ, van der Schaaf IC, Algra A and Rinkel GJ. Risk of rupture of 
unruptured intracranial aneurysms in relation to patient and aneurysm char-
acteristics: an updated meta-analysis. Stroke 2007;38(4):1404-1410. 



 92 

57. de Rooij NK, Linn FH, van der Plas JA, Algra A and Rinkel GJ. Incidence of 
Subarachnoid Haemorrhage: A systematic review with emphasis on region, 
age, gender and time trends. J Neurol Neurosurg Psychiatry 2007. 

58. Koffijberg H, Buskens E, Granath F, Adami J, Ekbom A, Rinkel GJ and 
Blomqvist P. Subarachnoid haemorrhage in Sweden 1987-2002: regional in-
cidence and case fatality rates. J Neurol Neurosurg Psychiatry 
2008;79(3):294-299. 

59. Nilsson OG, Lindgren A, Stahl N, Brandt L and Saveland H. Incidence of 
intracerebral and subarachnoid haemorrhage in southern Sweden. J Neurol 
Neurosurg Psychiatry 2000;69(5):601-607. 

60. Appelros P, Nydevik I, Seiger A and Terent A. High incidence rates of 
stroke in Orebro, Sweden: Further support for regional incidence differences 
within Scandinavia. Cerebrovasc Dis 2002;14(3-4):161-168. 

61. Stegmayr B, Eriksson M and Asplund K. Declining mortality from su-
barachnoid hemorrhage: changes in incidence and case fatality from 1985 
through 2000. Stroke 2004;35(9):2059-2063. 

62. Kaminogo M and Yonekura M. Trends in subarachnoid haemorrhage in 
elderly persons from Nagasaki, Japan: analysis of the Nagasaki SAH Data 
Bank for cerebral aneurysm, 1989-1998. Acta Neurochir (Wien) 
2002;144(11):1133-1138; discussion 1138-1139. 

63. White PM, Teasdale EM, Wardlaw JM and Easton V. Intracranial aneurysms: 
CT angiography and MR angiography for detection prospective blinded com-
parison in a large patient cohort. Radiology 2001;219(3):739-749. 

64. Kaufmann TJ, Huston J, 3rd, Mandrekar JN, Schleck CD, Thielen KR and 
Kallmes DF. Complications of diagnostic cerebral angiography: evaluation 
of 19,826 consecutive patients. Radiology 2007;243(3):812-819. 

65. Dawkins AA, Evans AL, Wattam J, Romanowski CA, Connolly DJ, Hodg-
son TJ and Coley SC. Complications of cerebral angiography: a prospective 
analysis of 2,924 consecutive procedures. Neuroradiology 2007. 

66. Johnston SC, Selvin S and Gress DR. The burden, trends, and demographics of 
mortality from subarachnoid hemorrhage. Neurology 1998;50(5):1413-1418. 

67. Pakarinen S. Incidence, aetiology, and prognosis of primary subarachnoid 
haemorrhage. A study based on 589 cases diagnosed in a defined urban popu-
lation during a defined period. Acta Neurol Scand 1967;43(Suppl 29):1-128. 

68. Locksley HB. Natural history of subarachnoid hemorrhage, intracranial an-
eurysms and arteriovenous malformations. J Neurosurg 1966;25(3):321-368. 

69. Winn HR, Richardson AE, O'Brien W and Jane JA. The long-term prognosis 
in untreated cerebral aneurysms: II. Late morbidity and mortality. Ann Neu-
rol 1978;4(5):418-426. 

70. Ljunggren B, Saveland H, Brandt L and Zygmunt S. Early operation and 
overall outcome in aneurysmal subarachnoid hemorrhage. J Neurosurg 
1985;62(4):547-551. 

71. Schievink WI, Wijdicks EF, Parisi JE, Piepgras DG and Whisnant JP. Sud-
den death from aneurysmal subarachnoid hemorrhage. Neurology 
1995;45(5):871-874. 

72. McKissock W, Richardson A and Walsh L. Posterior communicating aneu-
rysms : A Controlled Trial of the Conservative and Surgical Treatment of 
Ruptured Aneurysms of the Internal Carotid Artery at or near the point of 
origin of the Posterior Communicating Artery. The Lancet 
1960;275(7136):1203-1206. 



 93

73. McKissock W, Richardson A and Walsh L. Middle cerebral aneurysms: 
further results in the controlled trial of conservative and surgical treatment of 
ruptured intracranial aneurysms. The Lancet 1962;280(7253):417-421. 

74. McKissock W, Richardson A and Walsh L. Anterior Communicating Aneu-
rysms: A Trial of Conservative and Surgical Treatment. Lancet 
1965;1(7391):874-876. 

75. Cesarini KG, Hardemark HG and Persson L. Improved survival after aneu-
rysmal subarachnoid hemorrhage: review of case management during a 12-
year period. J Neurosurg 1999;90(4):664-672. 

76. Kassell NF, Torner JC, Haley EC, Jr., Jane JA, Adams HP and Kongable 
GL. The International Cooperative Study on the Timing of Aneurysm Sur-
gery. Part 1: Overall management results. J Neurosurg 1990;73(1):18-36. 

77. Roos YB, Beenen LF, Groen RJ, Albrecht KW and Vermeulen M. Timing of 
surgery in patients with aneurysmal subarachnoid haemorrhage: rebleeding is 
still the major cause of poor outcome in neurosurgical units that aim at early 
surgery. J Neurol Neurosurg Psychiatry 1997;63(4):490-493. 

78. Roos YB, de Haan RJ, Beenen LF, Groen RJ, Albrecht KW and Vermeulen 
M. Complications and outcome in patients with aneurysmal subarachnoid 
haemorrhage: a prospective hospital based cohort study in the Netherlands. J 
Neurol Neurosurg Psychiatry 2000;68(3):337-341. 

79. Nornes H and Magnaes B. Intracranial pressure in patients with ruptured 
saccular aneurysm. J Neurosurg 1972;36(5):537-547. 

80. Nornes H. The role of intracranial pressure in the arrest of hemorrhage in patients 
with ruptured intracranial aneurysm. J Neurosurg 1973;39(2):226-234. 

81. Grote E and Hassler W. The critical first minutes after subarachnoid hemor-
rhage. Neurosurgery 1988;22(4):654-661. 

82. Hillman J, von Essen C, Leszniewski W and Johansson I. Significance of 
"ultra-early" rebleeding in subarachnoid hemorrhage. J Neurosurg 
1988;68(6):901-907. 

83. Hijdra A, Vermeulen M, van Gijn J and van Crevel H. Rerupture of intracra-
nial aneurysms: a clinicoanatomic study. J Neurosurg 1987;67(1):29-33. 

84. Juvela S. Rebleeding from ruptured intracranial aneurysms. Surg Neurol 
1989;32(5):323-326. 

85. Rosenorn J, Eskesen V, Schmidt K and Ronde F. The risk of rebleeding from 
ruptured intracranial aneurysms. J Neurosurg 1987;67(3):329-332. 

86. Longstreth WT, Jr., Nelson LM, Koepsell TD and van Belle G. Clinical 
course of spontaneous subarachnoid hemorrhage: a population-based study 
in King County, Washington. Neurology 1993;43(4):712-718. 

87. Naidech AM, Janjua N, Kreiter KT, Ostapkovich ND, Fitzsimmons BF, 
Parra A, Commichau C, Connolly ES and Mayer SA. Predictors and impact 
of aneurysm rebleeding after subarachnoid hemorrhage. Arch Neurol 
2005;62(3):410-416. 

88. Kassell NF and Torner JC. Aneurysmal rebleeding: a preliminary report from 
the Cooperative Aneurysm Study. Neurosurgery 1983;13(5):479-481. 

89. Fujii Y, Takeuchi S, Sasaki O, Minakawa T, Koike T and Tanaka R. Ultra-
early rebleeding in spontaneous subarachnoid hemorrhage. J Neurosurg 
1996;84(1):35-42. 

90. Ohkuma H, Tsurutani H and Suzuki S. Incidence and significance of early 
aneurysmal rebleeding before neurosurgical or neurological management. 
Stroke 2001;32(5):1176-1180. 



 94 

91. Steiger HJ, Fritschi J and Seiler RW. Current pattern of in-hospital aneurys-
mal rebleeds. Analysis of a series treated with individually timed surgery and 
intravenous nimodipine. Acta Neurochir (Wien) 1994;127(1-2):21-26. 

92. Tokuda Y, Inagawa T, Katoh Y, Kumano K, Ohbayashi N and Yoshioka H. 
Intracerebral hematoma in patients with ruptured cerebral aneurysms. Surg 
Neurol 1995;43(3):272-277. 

93. Roos YB, Rinkel GJ, Vermeulen M, Algra A and van Gijn J. Antifibrinolytic 
therapy for aneurysmal subarachnoid haemorrhage. Cochrane Database Syst 
Rev 2003(2):CD001245. 

94. Hillman J, Fridriksson S, Nilsson O, Yu Z, Saveland H and Jakobsson KE. 
Immediate administration of tranexamic acid and reduced incidence of early 
rebleeding after aneurysmal subarachnoid hemorrhage: a prospective ran-
domized study. J Neurosurg 2002;97(4):771-778. 

95. Starke RM, Kim GH, Fernandez A, Komotar RJ, Hickman ZL, Otten ML, 
Ducruet AF, Kellner CP, Hahn DK, Chwajol M, Mayer SA and Connolly 
ES, Jr. Impact of a protocol for acute antifibrinolytic therapy on aneurysm 
rebleeding after subarachnoid hemorrhage. Stroke 2008;39(9):2617-2621. 

96. David CA, Vishteh AG, Spetzler RF, Lemole M, Lawton MT and Partovi S. 
Late angiographic follow-up review of surgically treated aneurysms. J Neu-
rosurg 1999;91(3):396-401. 

97. Le Roux PD, Elliott JP, Eskridge JM, Cohen W and Winn HR. Risks and 
benefits of diagnostic angiography after aneurysm surgery: a retrospective 
analysis of 597 studies. Neurosurgery 1998;42(6):1248-1254; discussion 
1254-1245. 

98. Thornton J, Bashir Q, Aletich VA, Debrun GM, Ausman JI and Charbel FT. 
What percentage of surgically clipped intracranial aneurysms have residual 
necks? Neurosurgery 2000;46(6):1294-1298; discussion 1298-1300. 

99. Tsutsumi K, Ueki K, Usui M, Kwak S and Kirino T. Risk of subarachnoid 
hemorrhage after surgical treatment of unruptured cerebral aneurysms. 
Stroke 1999;30(6):1181-1184. 

100. Tsutsumi K, Ueki K, Usui M, Kwak S and Kirino T. Risk of recurrent su-
barachnoid hemorrhage after complete obliteration of cerebral aneurysms. 
Stroke 1998;29(12):2511-2513. 

101. King JT, Jr., Berlin JA and Flamm ES. Morbidity and mortality from elective 
surgery for asymptomatic, unruptured, intracranial aneurysms: a meta-
analysis. J Neurosurg 1994;81(6):837-842. 

102. Raaymakers TW, Rinkel GJ, Limburg M and Algra A. Mortality and mor-
bidity of surgery for unruptured intracranial aneurysms: a meta-analysis. 
Stroke 1998;29(8):1531-1538. 

103. Unruptured intracranial aneurysms--risk of rupture and risks of surgical 
intervention. International Study of Unruptured Intracranial Aneurysms In-
vestigators. N Engl J Med 1998;339(24):1725-1733. 

104. Guglielmi G, Vinuela F, Dion J and Duckwiler G. Electrothrombosis of 
saccular aneurysms via endovascular approach. Part 2: Preliminary clinical 
experience. J Neurosurg 1991;75(1):8-14. 

105. Norback O, Gal G, Johansson M, Solander S, Tovi M, Persson L, Ronne-
Engstrom E and Enblad P. The establishment of endovascular aneurysm coil-
ing at a neurovascular unit: report of experience during early years. Neuro-
radiology 2005;47(2):144-152. 

106. Moret J, Cognard C, Weill A, Castaings L and Rey A. The "remodelling 
technique" in the treatment of wide neck intracranial aneurysms. An-



 95

giographic results and clinical follow-up in 56 cases. Intervent Neuroradiol 
1997;3:21-35. 

107. Malek AM, Higashida RT, Phatouros CC, Dowd CF and Halbach VV. 
Treatment of an intracranial aneurysm using a new three-dimensional-shape 
Guglielmi detachable coil: technical case report. Neurosurgery 
1999;44(5):1142-1144; discussion 1144-1145. 

108. Lylyk P, Cohen JE, Ceratto R, Ferrario A and Miranda C. Endovascular 
reconstruction of intracranial arteries by stent placement and combined tech-
niques. J Neurosurg 2002;97(6):1306-1313. 

109. Murayama Y, Tateshima S, Gonzalez NR and Vinuela F. Matrix and bioab-
sorbable polymeric coils accelerate healing of intracranial aneurysms: long-
term experimental study. Stroke 2003;34(8):2031-2037. 

110. Rossitti S. Endovascular coiling of intracranial aneurysms using bioactive 
coils: a single-center study. Acta Radiol 2007;48(5):565-576. 

111. Kuether TA, Nesbit GM and Barnwell SL. Clinical and angiographic out-
comes, with treatment data, for patients with cerebral aneurysms treated with 
Guglielmi detachable coils: a single-center experience. Neurosurgery 
1998;43(5):1016-1025. 

112. Brilstra EH, Rinkel GJ, van der Graaf Y, van Rooij WJ and Algra A. Treat-
ment of intracranial aneurysms by embolization with coils: a systematic re-
view. Stroke 1999;30(2):470-476. 

113. Murayama Y, Nien YL, Duckwiler G, Gobin YP, Jahan R, Frazee J, Martin 
N and Vinuela F. Guglielmi detachable coil embolization of cerebral aneu-
rysms: 11 years' experience. J Neurosurg 2003;98(5):959-966. 

114. Thornton J, Debrun GM, Aletich VA, Bashir Q, Charbel FT and Ausman J. 
Follow-up angiography of intracranial aneurysms treated with endovascular 
placement of Guglielmi detachable coils. Neurosurgery 2002;50(2):239-249; 
discussion 249-250. 

115. Lanterna LA, Tredici G, Dimitrov BD and Biroli F. Treatment of unruptured 
cerebral aneurysms by embolization with guglielmi detachable coils: case-
fatality, morbidity, and effectiveness in preventing bleeding--a systematic review 
of the literature. Neurosurgery 2004;55(4):767-775; discussion 775-768. 

116. Molyneux A, Kerr R, Stratton I, Sandercock P, Clarke M, Shrimpton J and 
Holman R. International Subarachnoid Aneurysm Trial (ISAT) of neurosur-
gical clipping versus endovascular coiling in 2143 patients with ruptured in-
tracranial aneurysms: a randomised trial. Lancet 2002;360(9342):1267-1274. 

117. Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA and San-
dercock P. International subarachnoid aneurysm trial (ISAT) of neurosurgi-
cal clipping versus endovascular coiling in 2143 patients with ruptured in-
tracranial aneurysms: a randomised comparison of effects on survival, de-
pendency, seizures, rebleeding, subgroups, and aneurysm occlusion. Lancet 
2005;366(9488):809-817. 

118. Weir B, Macdonald RL and Stoodley M. Etiology of cerebral vasospasm. 
Acta Neurochir Suppl 1999;72:27-46. 

119. Dorsch NW. Cerebral arterial spasm--a clinical review. Br J Neurosurg 
1995;9(3):403-412. 

120. Kassell NF, Sasaki T, Colohan AR and Nazar G. Cerebral vasospasm follow-
ing aneurysmal subarachnoid hemorrhage. Stroke 1985;16(4):562-572. 

121. Hop JW, Rinkel GJ, Algra A and van Gijn J. Initial loss of consciousness 
and risk of delayed cerebral ischemia after aneurysmal subarachnoid hemor-
rhage. Stroke 1999;30(11):2268-2271. 



 96 

122. Brilstra EH, Rinkel GJ, Algra A and van Gijn J. Rebleeding, secondary is-
chemia, and timing of operation in patients with subarachnoid hemorrhage. 
Neurology 2000;55(11):1656-1660. 

123. Claassen J, Bernardini GL, Kreiter K, Bates J, Du YE, Copeland D, Con-
nolly ES and Mayer SA. Effect of cisternal and ventricular blood on risk of 
delayed cerebral ischemia after subarachnoid hemorrhage: the Fisher scale 
revisited. Stroke 2001;32(9):2012-2020. 

124. Ljunggren B, Saveland H and Brandt L. Causes of unfavorable outcome after 
early aneurysm operation. Neurosurgery 1983;13(6):629-633. 

125. Fisher CM, Kistler JP and Davis JM. Relation of cerebral vasospasm to su-
barachnoid hemorrhage visualized by computerized tomographic scanning. 
Neurosurgery 1980;6(1):1-9. 

126. Adams HP, Jr., Kassell NF, Torner JC and Haley EC, Jr. Predicting cerebral 
ischemia after aneurysmal subarachnoid hemorrhage: influences of clinical 
condition, CT results, and antifibrinolytic therapy. A report of the Coopera-
tive Aneurysm Study. Neurology 1987;37(10):1586-1591. 

127. Hijdra A, van Gijn J, Nagelkerke NJ, Vermeulen M and van Crevel H. Pre-
diction of delayed cerebral ischemia, rebleeding, and outcome after aneu-
rysmal subarachnoid hemorrhage. Stroke 1988;19(10):1250-1256. 

128. Rabb CH, Tang G, Chin LS and Giannotta SL. A statistical analysis of fac-
tors related to symptomatic cerebral vasospasm. Acta Neurochir (Wien) 
1994;127(1-2):27-31. 

129. Hoh BL, Topcuoglu MA, Singhal AB, Pryor JC, Rabinov JD, Rordorf GA, 
Carter BS and Ogilvy CS. Effect of clipping, craniotomy, or intravascular coiling 
on cerebral vasospasm and patient outcome after aneurysmal subarachnoid hem-
orrhage. Neurosurgery 2004;55(4):779-786; discussion 786-779. 

130. Ohman J, Servo A and Heiskanen O. Risks factors for cerebral infarction in 
good-grade patients after aneurysmal subarachnoid hemorrhage and surgery: 
a prospective study. J Neurosurg 1991;74(1):14-20. 

131. Brouwers PJ, Dippel DW, Vermeulen M, Lindsay KW, Hasan D and van 
Gijn J. Amount of blood on computed tomography as an independent predic-
tor after aneurysm rupture. Stroke 1993;24(6):809-814. 

132. Hirashima Y, Kurimoto M, Takaba M, Endo S and Takaku A. The use of 
computed tomography in the prediction of delayed cerebral infarction fol-
lowing acute aneurysm surgery for subarachnoid haemorrhage. Acta Neuro-
chir (Wien) 1995;132(1-3):9-13. 

133. Jang YG, Ilodigwe D and Macdonald RL. Metaanalysis of Tirilazad Mesylate 
in Patients with Aneurysmal Subarachnoid Hemorrhage. Neurocrit Care 2008. 

134. Mendelow AD, Stockdill G, Steers AJ, Hayes J and Gillingham FJ. Double-
blind trial of aspirin in patient receiving tranexamic acid for subarachnoid 
hemorrhage. Acta Neurochir (Wien) 1982;62(3-4):195-202. 

135. Hop JW, Rinkel GJ, Algra A, Berkelbach van der Sprenkel JW and van Gijn 
J. Randomized pilot trial of postoperative aspirin in subarachnoid hemor-
rhage. Neurology 2000;54(4):872-878. 

136. Dorhout Mees SM, van den Bergh WM, Algra A and Rinkel GJ. Antiplatelet 
therapy for aneurysmal subarachnoid haemorrhage. Cochrane Database Syst 
Rev 2007(4):CD006184. 

137. Siironen J, Juvela S, Varis J, Porras M, Poussa K, Ilveskero S, Hernesniemi J 
and Lassila R. No effect of enoxaparin on outcome of aneurysmal subarach-
noid hemorrhage: a randomized, double-blind, placebo-controlled clinical 
trial. J Neurosurg 2003;99(6):953-959. 



 97

138. Pickard JD, Murray GD, Illingworth R, Shaw MD, Teasdale GM, Foy PM, 
Humphrey PR, Lang DA, Nelson R, Richards P and et al. Effect of oral ni-
modipine on cerebral infarction and outcome after subarachnoid haemor-
rhage: British aneurysm nimodipine trial. Bmj 1989;298(6674):636-642. 

139. Dorhout Mees SM, Rinkel GJ, Feigin VL, Algra A, van den Bergh WM, 
Vermeulen M and van Gijn J. Calcium antagonists for aneurysmal subarach-
noid haemorrhage. Cochrane Database Syst Rev 2007(3):CD000277. 

140. Vajkoczy P, Meyer B, Weidauer S, Raabe A, Thome C, Ringel F, Breu V and 
Schmiedek P. Clazosentan (AXV-034343), a selective endothelin A receptor an-
tagonist, in the prevention of cerebral vasospasm following severe aneurysmal 
subarachnoid hemorrhage: results of a randomized, double-blind, placebo-
controlled, multicenter phase IIa study. J Neurosurg 2005;103(1):9-17. 

141. Macdonald RL, Kassell NF, Mayer S, Ruefenacht D, Schmiedek P, Wei-
dauer S, Frey A, Roux S and Pasqualin A. Clazosentan to Overcome Neuro-
logical Ischemia and Infarction Occurring After Subarachnoid Hemorrhage 
(CONSCIOUS-1). Randomized, Double-Blind, Placebo-Controlled Phase 2 
Dose-Finding Trial. Stroke 2008. 

142. Sillberg VA, Wells GA and Perry JJ. Do statins improve outcomes and re-
duce the incidence of vasospasm after aneurysmal subarachnoid hemorrhage: 
a meta-analysis. Stroke 2008;39(9):2622-2626. 

143. SimvaSTatin in Aneurysmal Subarachnoid Haemorrhage (STASH) accessed 
from <http://www.stashtrial.com/home.html> (accessed 17 Nov 2008) 

144. Romner B and Reinstrup P. Triple H therapy after aneurysmal subarachnoid 
hemorrhage. A review. Acta Neurochir Suppl 2001;77:237-241. 

145. Corsten L, Raja A, Guppy K, Roitberg B, Misra M, Alp MS, Charbel F, 
Debrun G and Ausman J. Contemporary management of subarachnoid hem-
orrhage and vasospasm: the UIC experience. Surg Neurol 2001;56(3):140-
148; discussion 148-150. 

146. Sen J, Belli A, Albon H, Morgan L, Petzold A and Kitchen N. Triple-H ther-
apy in the management of aneurysmal subarachnoid haemorrhage. Lancet 
Neurol 2003;2(10):614-621. 

147. Rabinstein AA and Wijdicks EF. Cerebral Vasospasm in Subarachnoid 
Hemorrhage. Curr Treat Options Neurol 2005;7(2):99-107. 

148. Giannotta SL, McGillicuddy JE and Kindt GW. Diagnosis and treatment of 
postoperative cerebral vasospasm. Surg Neurol 1977;8(4):286-290. 

149. Pritz MB, Giannotta SL, Kindt GW, McGillicuddy JE and Prager RL. Treatment 
of patients with neurological deficits associated with cerebral vasospasm by in-
travascular volume expansion. Neurosurgery 1978;3(3):364-368. 

150. Kassell NF, Peerless SJ, Durward QJ, Beck DW, Drake CG and Adams HP. 
Treatment of ischemic deficits from vasospasm with intravascular volume ex-
pansion and induced arterial hypertension. Neurosurgery 1982;11(3):337-343. 

151. Awad IA, Carter LP, Spetzler RF, Medina M and Williams FC, Jr. Clinical 
vasospasm after subarachnoid hemorrhage: response to hypervolemic hemo-
dilution and arterial hypertension. Stroke 1987;18(2):365-372. 

152. Rosenwasser RH, Delgado TE, Buchheit WA and Freed MH. Control of 
hypertension and prophylaxis against vasospasm in cases of subarachnoid 
hemorrhage: a preliminary report. Neurosurgery 1983;12(6):658-661. 

153. Yano K, Kuroda T, Tanabe Y and Yamada H. Preventive therapy against 
delayed cerebral ischaemia after aneurysmal subarachnoid haemorrhage: tri-
als of thromboxane A2 synthetase inhibitor and hyperdynamic therapy. Acta 
Neurochir (Wien) 1993;125(1-4):15-19. 



 98 

154. Vermeij FH, Hasan D, Bijvoet HW and Avezaat CJ. Impact of medical 
treatment on the outcome of patients after aneurysmal subarachnoid hemor-
rhage. Stroke 1998;29(5):924-930. 

155. Lennihan L, Mayer SA, Fink ME, Beckford A, Paik MC, Zhang H, Wu YC, 
Klebanoff LM, Raps EC and Solomon RA. Effect of hypervolemic therapy 
on cerebral blood flow after subarachnoid hemorrhage : a randomized con-
trolled trial. Stroke 2000;31(2):383-391. 

156. Egge A, Waterloo K, Sjoholm H, Solberg T, Ingebrigtsen T and Romner B. 
Prophylactic hyperdynamic postoperative fluid therapy after aneurysmal su-
barachnoid hemorrhage: a clinical, prospective, randomized, controlled 
study. Neurosurgery 2001;49(3):593-605; discussion 605-596. 

157. Rinkel GJ, Feigin VL, Algra A and van Gijn J. Circulatory volume expan-
sion therapy for aneurysmal subarachnoid haemorrhage. Cochrane Database 
Syst Rev 2004(4):CD000483. 

158. Eskridge JM, McAuliffe W, Song JK, Deliganis AV, Newell DW, Lewis 
DH, Mayberg MR and Winn HR. Balloon angioplasty for the treatment of 
vasospasm: results of first 50 cases. Neurosurgery 1998;42(3):510-516; dis-
cussion 516-517. 

159. Biondi A, Ricciardi GK, Puybasset L, Abdennour L, Longo M, Chiras J and 
Van Effenterre R. Intra-arterial nimodipine for the treatment of symptomatic 
cerebral vasospasm after aneurysmal subarachnoid hemorrhage: preliminary 
results. AJNR Am J Neuroradiol 2004;25(6):1067-1076. 

160. Kaku Y, Yonekawa Y, Tsukahara T and Kazekawa K. Superselective intra-
arterial infusion of papaverine for the treatment of cerebral vasospasm after 
subarachnoid hemorrhage. J Neurosurg 1992;77(6):842-847. 

161. Brisman JL, Eskridge JM and Newell DW. Neurointerventional treatment of 
vasospasm. Neurol Res 2006;28(7):769-776. 

162. Reilly PL, Graham DI, Adams JH and Jennett B. Patients with head injury 
who talk and die. Lancet 1975;2(7931):375-377. 

163. Rose J, Valtonen S and Jennett B. Avoidable factors contributing to death 
after head injury. Br Med J 1977;2(6087):615-618. 

164. Enblad P and Persson L. Impact on clinical outcome of secondary brain 
insults during the neurointensive care of patients with subarachnoid haemor-
rhage: a pilot study. J Neurol Neurosurg Psychiatry 1997;62(5):512-516. 

165. Persson L and Enblad P. Neurointensive care of aneurysmal SAH. Acta Neu-
rochir Suppl (Wien) 1999;72:73-80. 

166. Dernbach PD, Little JR, Jones SC and Ebrahim ZY. Altered cerebral auto-
regulation and CO2 reactivity after aneurysmal subarachnoid hemorrhage. 
Neurosurgery 1988;22(5):822-826. 

167. Tenjin H, Hirakawa K, Mizukawa N, Yano I, Ohta T, Uchibori M and Hino 
A. Dysautoregulation in patients with ruptured aneurysms: cerebral blood 
flow measurements obtained during surgery by a temperature-controlled 
thermoelectrical method. Neurosurgery 1988;23(6):705-709. 

168. Handa Y, Kubota T, Tsuchida A, Kaneko M, Caner H and Kobayashi H. 
Effect of systemic hypotension on cerebral energy metabolism during 
chronic cerebral vasospasm in primates. J Neurosurg 1993;78(1):112-119. 

169. Hasan D, Vermeulen M, Wijdicks EF, Hijdra A and van Gijn J. Management 
problems in acute hydrocephalus after subarachnoid hemorrhage. Stroke 
1989;20(6):747-753. 

170. Hasan D, Lindsay KW and Vermeulen M. Treatment of acute hydrocephalus 
after subarachnoid hemorrhage with serial lumbar puncture. Stroke 
1991;22(2):190-194. 



 99

171. Hasan D and Tanghe HL. Distribution of cisternal blood in patients with 
acute hydrocephalus after subarachnoid hemorrhage. Ann Neurol 
1992;31(4):374-378. 

172. Pare L, Delfino R and Leblanc R. The relationship of ventricular drainage to 
aneurysmal rebleeding. J Neurosurg 1992;76(3):422-427. 

173. Hellingman CA, van den Bergh WM, Beijer IS, van Dijk GW, Algra A, van 
Gijn J and Rinkel GJ. Risk of rebleeding after treatment of acute hydro-
cephalus in patients with aneurysmal subarachnoid hemorrhage. Stroke 
2007;38(1):96-99. 

174. Hutter BO, Kreitschmann-Andermahr I, Mayfrank L, Rohde V, Spetzger U 
and Gilsbach JM. Functional outcome after aneurysmal subarachnoid hemor-
rhage. Acta Neurochir Suppl 1999;72:157-174. 

175. McDowall DG. Interrelationships between blood oxygen tensions and cere-
bral blood flow. Int Anesthesiol Clin 1966;4(1):205-219. 

176. Stevens RD and Nyquist PA. The systemic implications of aneurysmal su-
barachnoid hemorrhage. J Neurol Sci 2007;261(1-2):143-156. 

177. Charpentier C, Audibert G, Guillemin F, Civit T, Ducrocq X, Bracard S, 
Hepner H, Picard L and Laxenaire MC. Multivariate analysis of predictors of 
cerebral vasospasm occurrence after aneurysmal subarachnoid hemorrhage. 
Stroke 1999;30(7):1402-1408. 

178. Lanzino G, Kassell NF, Germanson T, Truskowski L and Alves W. Plasma 
glucose levels and outcome after aneurysmal subarachnoid hemorrhage. J 
Neurosurg 1993;79(6):885-891. 

179. Claassen J, Vu A, Kreiter KT, Kowalski RG, Du EY, Ostapkovich N, 
Fitzsimmons BF, Connolly ES and Mayer SA. Effect of acute physiologic 
derangements on outcome after subarachnoid hemorrhage. Crit Care Med 
2004;32(3):832-838. 

180. Juvela S, Siironen J and Kuhmonen J. Hyperglycemia, excess weight, and 
history of hypertension as risk factors for poor outcome and cerebral infarc-
tion after aneurysmal subarachnoid hemorrhage. J Neurosurg 
2005;102(6):998-1003. 

181. Badjatia N, Topcuoglu MA, Buonanno FS, Smith EE, Nogueira RG, Rordorf 
GA, Carter BS, Ogilvy CS and Singhal AB. Relationship between hypergly-
cemia and symptomatic vasospasm after subarachnoid hemorrhage. Crit 
Care Med 2005;33(7):1603-1609; quiz 1623. 

182. Frontera JA, Fernandez A, Claassen J, Schmidt M, Schumacher HC, War-
tenberg K, Temes R, Parra A, Ostapkovich ND and Mayer SA. Hyperglyce-
mia after SAH: predictors, associated complications, and impact on outcome. 
Stroke 2006;37(1):199-203. 

183. Mocco J, Ransom ER, Komotar RJ, Schmidt JM, Sciacca RR, Mayer SA and 
Connolly ES, Jr. Preoperative prediction of long-term outcome in poor-grade 
aneurysmal subarachnoid hemorrhage. Neurosurgery 2006;59(3):529-538; 
discussion 529-538. 

184. McGirt MJ, Woodworth GF, Ali M, Than KD, Tamargo RJ and Clatterbuck 
RE. Persistent perioperative hyperglycemia as an independent predictor of 
poor outcome after aneurysmal subarachnoid hemorrhage. J Neurosurg 
2007;107(6):1080-1085. 

185. Wartenberg KE, Schmidt JM, Claassen J, Temes RE, Frontera JA, 
Ostapkovich N, Parra A, Connolly ES and Mayer SA. Impact of medical 
complications on outcome after subarachnoid hemorrhage. Crit Care Med 
2006;34(3):617-623; quiz 624. 



 100 

186. Bemeur C, Ste-Marie L and Montgomery J. Increased oxidative stress during 
hyperglycemic cerebral ischemia. Neurochem Int 2007;50(7-8):890-904. 

187. Martini SR and Kent TA. Hyperglycemia in acute ischemic stroke: a vascu-
lar perspective. J Cereb Blood Flow Metab 2007;27(3):435-451. 

188. Ginsberg MD and Busto R. Combating hyperthermia in acute stroke: a sig-
nificant clinical concern. Stroke 1998;29(2):529-534. 

189. Oliveira-Filho J, Ezzeddine MA, Segal AZ, Buonanno FS, Chang Y, Ogilvy 
CS, Rordorf G, Schwamm LH, Koroshetz WJ and McDonald CT. Fever in 
subarachnoid hemorrhage: relationship to vasospasm and outcome. Neurol-
ogy 2001;56(10):1299-1304. 

190. Rosengart AJ, Schultheiss KE, Tolentino J and Macdonald RL. Prognostic 
factors for outcome in patients with aneurysmal subarachnoid hemorrhage. 
Stroke 2007;38(8):2315-2321. 

191. Lin CL, Dumont AS, Lieu AS, Yen CP, Hwang SL, Kwan AL, Kassell NF and 
Howng SL. Characterization of perioperative seizures and epilepsy following 
aneurysmal subarachnoid hemorrhage. J Neurosurg 2003;99(6):978-985. 

192. Warme PE, Bergstrom R and Persson L. Neurosurgical intensive care im-
proves outcome after severe head injury. Acta Neurochir (Wien) 1991;110(1-
2):57-64. 

193. Elf K, Nilsson P and Enblad P. Outcome after traumatic brain injury im-
proved by an organized secondary insult program and standardized neuroin-
tensive care. Crit Care Med 2002;30(9):2129-2134. 

194. Elf K, Nilsson P and Enblad P. Prevention of secondary insults in neuroin-
tensive care of traumatic brain injury. Eur J Trauma 2003;29:74–80. 

195. Fortuny LA, Adams CB and Briggs M. Surgical mortality in an aneurysm 
population: effects of age, blood pressure and preoperative neurological 
state. J Neurol Neurosurg Psychiatry 1980;43(10):879-882. 

196. Jomin M, Lesoin F and Lozes G. Prognosis with 500 ruptured and operated 
intracranial arterial aneurysms. Surg Neurol 1984;21(1):13-18. 

197. Inagawa T, Yamamoto M, Kamiya K and Ogasawara H. Management of 
elderly patients with aneurysmal subarachnoid hemorrhage. J Neurosurg 
1988;69(3):332-339. 

198. Sakaki S, Ohta S, Ohue S, Kohno K and Matsuoka K. Outcome in elderly 
patients with ruptured intracranial aneurysm. Clin Neurol Neurosurg 
1989;91(1):21-27. 

199. Suzuki A, Yasui N, Hadeishi H, Mizuno M, Abumiya T, Sampei T and Na-
kajima S. Early surgery in elderly patients with ruptured intracranial aneu-
rysms--preoperative clinical evaluation and prognosis. Neurol Med Chir (To-
kyo) 1990;30(2):95-99. 

200. Inagawa T. Management outcome in the elderly patient following subarach-
noid hemorrhage. J Neurosurg 1993;78(4):554-561. 

201. Niskanen MM, Hernesniemi JA, Vapalahti MP and Kari A. One-year out-
come in early aneurysm surgery: prediction of outcome. Acta Neurochir 
(Wien) 1993;123(1-2):25-32. 

202. Kassell NF, Torner JC, Jane JA, Haley EC, Jr. and Adams HP. The Interna-
tional Cooperative Study on the Timing of Aneurysm Surgery. Part 2: Surgi-
cal results. J Neurosurg 1990;73(1):37-47. 

203. Deruty R, Pelissou-Guyotat I, Mottolese C, Amat D and Bognar L. Level of 
consciousness and age as prognostic factors in aneurysmal SAH. Acta Neu-
rochir (Wien) 1995;132(1-3):1-8. 

204. Lanzino G, Kassell NF, Germanson TP, Kongable GL, Truskowski LL, 
Torner JC and Jane JA. Age and outcome after aneurysmal subarachnoid 



 101

hemorrhage: why do older patients fare worse? J Neurosurg 1996;85(3):410-
418. 

205. Stachniak JB, Layon AJ, Day AL and Gallagher TJ. Craniotomy for intrac-
ranial aneurysm and subarachnoid hemorrhage. Is course, cost, or outcome 
affected by age? Stroke 1996;27(2):276-281. 

206. Rosenorn J, Eskesen V and Schmidt K. Age as a prognostic factor after in-
tracranial aneurysm rupture. Br J Neurosurg 1987;1(3):335-341. 

207. O'Sullivan MG, Dorward N, Whittle IR, Steers AJ and Miller JD. Manage-
ment and long-term outcome following subarachnoid haemorrhage and in-
tracranial aneurysm surgery in elderly patients: an audit of 199 consecutive 
cases. Br J Neurosurg 1994;8(1):23-30. 

208. Lan Q, Ikeda H, Jimbo H, Izumiyama H and Matsumoto K. Considerations 
on surgical treatment for elderly patients with intracranial aneurysms. Surg 
Neurol 2000;53(3):231-238. 

209. Morioka T, Miyazaki H and Tsuruta K. Problems in neurosurgical operations 
on elderly patients --from the viewpoint of anesthesiology. Neurol Med Chir 
(Tokyo) 1980;20(7):713-720. 

210. Schmucker DL. Age-related changes in liver structure and function: Implica-
tions for disease ? Exp Gerontol 2005;40(8-9):650-659. 

211. Meyer JS, Terayama Y and Takashima S. Cerebral circulation in the elderly. 
Cerebrovasc Brain Metab Rev 1993;5(2):122-146. 

212. Claus JJ, Breteler MM, Hasan D, Krenning EP, Bots ML, Grobbee DE, Van 
Swieten JC, Van Harskamp F and Hofman A. Regional cerebral blood flow 
and cerebrovascular risk factors in the elderly population. Neurobiol Aging 
1998;19(1):57-64. 

213. Hugosson R. Intracranial arterial aneurysms. Considerations on the upper age 
limit for surgical treatment. Acta Neurochir (Wien) 1973;28(3):157-164. 

214. Sengupta RP, Lassman LP and Hankinson J. Scope of surgery for intracra-
nial aneurysm in the elderly: a preliminary report. Br Med J 
1978;2(6132):246-247. 

215. Ohmoto T, Mino S, Nishimoto A, Higashi T, Miyake S and Doi A. Operative 
results of ruptured intracranial aneurysms in aged patients. Neurol Med Chir 
(Tokyo) 1980;20(7):721-728. 

216. Nukui H, Sasaki H, Kaneko M, Mitsuka S, Shibasaki T, Ohe C, Kohno N and 
Tsunoda T. [Surgical treatment in patients over 60 years of age with ruptured 
cerebral aneurysms]. Neurol Med Chir (Tokyo) 1985;25(4):275-281. 

217. Fridriksson SM, Hillman J, Saveland H and Brandt L. Intracranial aneurysm 
surgery in the 8th and 9th decades of life: impact on population-based man-
agement outcome. Neurosurgery 1995;37(4):627-631; discussion 631-622. 

218. Takeuchi J. Aneurysm surgery in patients over the age of 80 years. Br J 
Neurosurg 1993;7(3):307-309. 

219. Hamada J, Hasegawa S, Kai Y, Morioka M, Fujioka S and Ushio Y. Surgery 
and long-term outcome for ruptured anterior circulation aneurysms in pa-
tients in their ninth decade of life. Surg Neurol 1999;52(2):123-126; discus-
sion 126-127. 

220. Ausman JI. The future of neurovascular surgery. Part I: Intracranial aneu-
rysms. Surg Neurol 1997;48(1):98-100. 

221. Molyneux A and Kerr R. International Subarachnoid Aneurysm Trial. J 
Neurosurg 1999;91(2):352-353. 

222. Rowe JG, Molyneux AJ, Byrne JV, Renowden S and Aziz TZ. Endovascular 
treatment of intracranial aneurysms: a minimally invasive approach with ad-
vantages for elderly patients. Age Ageing 1996;25(5):372-376. 



 102 

223. Birchall D, Khangure M, McAuliffe W, Apsimon H and Knuckey N. En-
dovascular management of acute subarachnoid haemorrhage in the elderly. 
Br J Neurosurg 2001;15(1):35-38. 

224. Sedat J, Dib M, Lonjon M, Litrico S, Von Langsdorf D, Fontaine D and 
Paquis P. Endovascular treatment of ruptured intracranial aneurysms in pa-
tients aged 65 years and older: follow-up of 52 patients after 1 year. Stroke 
2002;33(11):2620-2625. 

225. Artiola i Fortuny L and Prieto-Valiente L. Long-term prognosis in surgically 
treated intracranial aneurysms. Part 1: Mortality. J Neurosurg 
1981;54(1):26-34. 

226. Inagawa T. Cerebral vasospasm in elderly patients with ruptured intracranial 
aneurysms. Surg Neurol 1991;36(2):91-98. 

227. Boecher-Schwarz HG, Ungersboeck K, Ulrich P, Fries G, Wild A and Per-
neczky A. Transcranial Doppler diagnosis of cerebral vasospasm following 
subarachnoid haemorrhage: correlation and analysis of results in relation to 
the age of patients. Acta Neurochir (Wien) 1994;127(1-2):32-36. 

228. Torbey MT, Hauser TK, Bhardwaj A, Williams MA, Ulatowski JA, Mirski 
MA and Razumovsky AY. Effect of age on cerebral blood flow velocity and 
incidence of vasospasm after aneurysmal subarachnoid hemorrhage. Stroke 
2001;32(9):2005-2011. 

229. Inagawa T. Cerebral vasospasm in elderly patients treated by early operation 
for ruptured intracranial aneurysms. Acta Neurochir (Wien) 1992;115(3-
4):79-85. 

230. Hunt WE and Hess RM. Surgical risk as related to time of intervention in the 
repair of intracranial aneurysms. J Neurosurg 1968;28(1):14-20. 

231. Jennett B and Bond M. Assessment of outcome after severe brain damage. 
Lancet 1975;1(7905):480-484. 

232. Drake C. Report of World Federation of Neurological Surgeons Committee 
on a universal subarachnoid hemorrhage grading scale. J Neurosurg 
1988;68:985-986. 

233. Rankin J. Cerebral vascular accidents in patients over the age of 60. II. Prog-
nosis. Scott Med J 1957;2(5):200-215. 

234. Howells TP, Jones PA, Piper IR, Souter MJ and Miller JD. Design of a re-
search database for the study of secondary insults following head injury. J 
Neurotrauma 1995 (abstr);12:471. 

235. Signorini DF, Piper IR, Jones PA and Howells TP. Importance of textual 
data in multimodality monitoring. Crit Care Med 1997;25(12):2048-2050. 

236. Jennett B, Teasdale G, Braakman R, Minderhoud J, Heiden J and Kurze T. 
Prognosis of patients with severe head injury. Neurosurgery 1979;4(4):283-289. 

237. Brott T, Adams HP, Jr., Olinger CP, Marler JR, Barsan WG, Biller J, Spilker 
J, Holleran R, Eberle R, Hertzberg V and et al. Measurements of acute cere-
bral infarction: a clinical examination scale. Stroke 1989;20(7):864-870. 

238. Lindegaard KF, Bakke SJ, Sorteberg W, Nakstad P and Nornes H. A non-
invasive Doppler ultrasound method for the evaluation of patients with su-
barachnoid hemorrhage. Acta Radiol Suppl 1986;369:96-98. 

239. Teasdale G and Jennett B. Assessment of coma and impaired consciousness. 
A practical scale. Lancet 1974;2(7872):81-84. 

240. Teasdale GM, Pettigrew LE, Wilson JT, Murray G and Jennett B. Analyzing 
outcome of treatment of severe head injury: a review and update on advancing 
the use of the Glasgow Outcome Scale. J Neurotrauma 1998;15(8):587-597. 



 103

241. Wilson JT, Pettigrew LE and Teasdale GM. Emotional and cognitive conse-
quences of head injury in relation to the glasgow outcome scale. J Neurol 
Neurosurg Psychiatry 2000;69(2):204-209. 

242. Wilson JT, Pettigrew LE and Teasdale GM. Structured interviews for the 
Glasgow Outcome Scale and the extended Glasgow Outcome Scale: guide-
lines for their use. J Neurotrauma 1998;15(8):573-585. 

243. Koivisto T, Vanninen R, Hurskainen H, Saari T, Hernesniemi J and Va-
palahti M. Outcomes of early endovascular versus surgical treatment of rup-
tured cerebral aneurysms. A prospective randomized study. Stroke 
2000;31(10):2369-2377. 

244. Taha MM, Nakahara I, Higashi T, Iwamuro Y, Iwaasa M, Watanabe Y, Tsu-
netoshi K and Munemitsu T. Endovascular embolization vs surgical clipping 
in treatment of cerebral aneurysms: morbidity and mortality with short-term 
outcome. Surg Neurol 2006;66(3):277-284; discussion 284. 

245. Lubicz B, Leclerc X, Gauvrit JY, Lejeune JP and Pruvo JP. Endovascular 
treatment of ruptured intracranial aneurysms in elderly people. AJNR Am J 
Neuroradiol 2004;25(4):592-595. 

246. Jain R, Deveikis J and Thompson BG. Endovascular management of poor-
grade aneurysmal subarachnoid hemorrhage in the geriatric population. 
AJNR Am J Neuroradiol 2004;25(4):596-600. 

247. Cai Y, Spelle L, Wang H, Piotin M, Mounayer C, Vanzin JR and Moret J. 
Endovascular treatment of intracranial aneurysms in the elderly: single-
center experience in 63 consecutive patients. Neurosurgery 
2005;57(6):1096-1102; discussion 1096-1102. 

248. Mont'alverne F, Musacchio M, Tolentino V, Riquelme C and Tournade A. 
Endovascular management for intracranial ruptured aneurysms in elderly pa-
tients: outcome and technical aspects. Neuroradiology 2005;47(6):446-457. 

249. Casasco AE, Aymard A, Gobin YP, Houdart E, Rogopoulos A, George B, 
Hodes JE, Cophignon J and Merland JJ. Selective endovascular treatment of 
71 intracranial aneurysms with platinum coils. J Neurosurg 1993;79(1):3-10. 

250. Byrne JV, Molyneux AJ, Brennan RP and Renowden SA. Embolisation of 
recently ruptured intracranial aneurysms. J Neurol Neurosurg Psychiatry 
1995;59(6):616-620. 

251. Vanninen R, Koivisto T, Saari T, Hernesniemi J and Vapalahti M. Ruptured 
intracranial aneurysms: acute endovascular treatment with electrolytically 
detachable coils--a prospective randomized study. Radiology 
1999;211(2):325-336. 

252. Baltsavias GS, Byrne JV, Halsey J, Coley SC, Sohn MJ and Molyneux AJ. 
Effects of timing of coil embolization after aneurysmal subarachnoid hemor-
rhage on procedural morbidity and outcomes. Neurosurgery 
2000;47(6):1320-1329; discussion 1329-1331. 

253. Debrun GM, Aletich VA, Kehrli P, Misra M, Ausman JI and Charbel F. 
Selection of cerebral aneurysms for treatment using Guglielmi detachable 
coils: the preliminary University of Illinois at Chicago experience. Neuro-
surgery 1998;43(6):1281-1295; discussion 1296-1287. 

254. Brisman JL, Niimi Y, Song JK and Berenstein A. Aneurysmal rupture during 
coiling: low incidence and good outcomes at a single large volume center. 
Neurosurgery 2005;57(6):1103-1109; discussion 1103-1109. 

255. Cronqvist M, Pierot L, Boulin A, Cognard C, Castaings L and Moret J. Local 
intraarterial fibrinolysis of thromboemboli occurring during endovascular 
treatment of intracerebral aneurysm: a comparison of anatomic results and 
clinical outcome. AJNR Am J Neuroradiol 1998;19(1):157-165. 



 104 

256. van Loon J, Waerzeggers Y, Wilms G, Van Calenbergh F, Goffin J and Plets 
C. Early endovascular treatment of ruptured cerebral aneurysms in patients in 
very poor neurological condition. Neurosurgery 2002;50(3):457-464; discus-
sion 464-455. 

257. Lempert TE, Malek AM, Halbach VV, Phatouros CC, Meyers PM, Dowd CF 
and Higashida RT. Endovascular treatment of ruptured posterior circulation 
cerebral aneurysms. Clinical and angiographic outcomes. Stroke 
2000;31(1):100-110. 

258. Mavaddat N, Sahakian BJ, Hutchinson PJ and Kirkpatrick PJ. Cognition 
following subarachnoid hemorrhage from anterior communicating artery an-
eurysm: relation to timing of surgery. J Neurosurg 1999;91(3):402-407. 

259. Mavaddat N, Kirkpatrick PJ, Rogers RD and Sahakian BJ. Deficits in deci-
sion-making in patients with aneurysms of the anterior communicating ar-
tery. Brain 2000;123 ( Pt 10):2109-2117. 

260. Fontanella M, Perozzo P, Ursone R, Garbossa D and Bergui M. Neuropsy-
chological assessment after microsurgical clipping or endovascular treatment 
for anterior communicating artery aneurysm. Acta Neurochir (Wien) 
2003;145(10):867-872; discussion 872. 

261. Hadjivassiliou M, Tooth CL, Romanowski CA, Byrne J, Battersby RD, Ox-
bury S, Crewswell CS, Burkitt E, Stokes NA, Paul C, Mayes AR and Sagar 
HJ. Aneurysmal SAH: cognitive outcome and structural damage after clip-
ping or coiling. Neurology 2001;56(12):1672-1677. 

262. Regli L, Uske A and de Tribolet N. Endovascular coil placement compared 
with surgical clipping for the treatment of unruptured middle cerebral artery 
aneurysms: a consecutive series. J Neurosurg 1999;90(6):1025-1030. 

263. Raftopoulos C, Mathurin P, Boscherini D, Billa RF, Van Boven M and Hant-
son P. Prospective analysis of aneurysm treatment in a series of 103 consecu-
tive patients when endovascular embolization is considered the first option. J 
Neurosurg 2000;93(2):175-182. 

264. Gruber DP, Zimmerman GA, Tomsick TA, van Loveren HR, Link MJ and 
Tew JM, Jr. A comparison between endovascular and surgical management 
of basilar artery apex aneurysms. J Neurosurg 1999;90(5):868-874. 

265. Lusseveld E, Brilstra EH, Nijssen PC, van Rooij WJ, Sluzewski M, Tulleken 
CA, Wijnalda D, Schellens RL, van der Graaf Y and Rinkel GJ. Endovascu-
lar coiling versus neurosurgical clipping in patients with a ruptured basilar 
tip aneurysm. J Neurol Neurosurg Psychiatry 2002;73(5):591-593. 

266. Fridriksson S, Saveland H, Jakobsson KE, Edner G, Zygmunt S, Brandt L 
and Hillman J. Intraoperative complications in aneurysm surgery: a prospec-
tive national study. J Neurosurg 2002;96(3):515-522. 

267. Batjer H and Samson D. Intraoperative aneurysmal rupture: incidence, out-
come, and suggestions for surgical management. Neurosurgery 
1986;18(6):701-707. 

268. Claassen J, Peery S, Kreiter KT, Hirsch LJ, Du EY, Connolly ES and Mayer 
SA. Predictors and clinical impact of epilepsy after subarachnoid hemor-
rhage. Neurology 2003;60(2):208-214. 

269. Buczacki SJ, Kirkpatrick PJ, Seeley HM and Hutchinson PJ. Late epilepsy 
following open surgery for aneurysmal subarachnoid haemorrhage. J Neurol 
Neurosurg Psychiatry 2004;75(11):1620-1622. 

270. Kotila M and Waltimo O. Epilepsy after stroke. Epilepsia 1992;33(3):495-498. 
271. Giroud M, Gras P, Fayolle H, Andre N, Soichot P and Dumas R. Early sei-

zures after acute stroke: a study of 1,640 cases. Epilepsia 1994;35(5):959-964. 



 105

272. Olafsson E, Gudmundsson G and Hauser WA. Risk of epilepsy in long-term 
survivors of surgery for aneurysmal subarachnoid hemorrhage: a population-
based study in Iceland. Epilepsia 2000;41(9):1201-1205. 

273. Chastre J and Fagon JY. Ventilator-associated pneumonia. Am J Respir Crit 
Care Med 2002;165(7):867-903. 

274. Yalamanchili K, Rosenwasser RH, Thomas JE, Liebman K, McMorrow C 
and Gannon P. Frequency of cerebral vasospasm in patients treated with en-
dovascular occlusion of intracranial aneurysms. AJNR Am J Neuroradiol 
1998;19(3):553-558. 

275. Hohlrieder M, Spiegel M, Hinterhoelzl J, Engelhardt K, Pfausler B, Kampfl 
A, Ulmer H, Waldenberger P, Mohsenipour I and Schmutzhard E. Cerebral 
vasospasm and ischaemic infarction in clipped and coiled intracranial aneu-
rysm patients. Eur J Neurol 2002;9(4):389-399. 

276. Rabinstein AA, Pichelmann MA, Friedman JA, Piepgras DG, Nichols DA, 
McIver JI, Toussaint LG, 3rd, McClelland RL, Fulgham JR, Meyer FB, At-
kinson JL and Wijdicks EF. Symptomatic vasospasm and outcomes follow-
ing aneurysmal subarachnoid hemorrhage: a comparison between surgical 
repair and endovascular coil occlusion. J Neurosurg 2003;98(2):319-325. 

277. Gruber A, Ungersbock K, Reinprecht A, Czech T, Gross C, Bednar M and 
Richling B. Evaluation of cerebral vasospasm after early surgical and en-
dovascular treatment of ruptured intracranial aneurysms. Neurosurgery 
1998;42(2):258-267; discussion 267-258. 

278. Goddard AJ, Raju PP and Gholkar A. Does the method of treatment of 
acutely ruptured intracranial aneurysms influence the incidence and duration 
of cerebral vasospasm and clinical outcome? J Neurol Neurosurg Psychiatry 
2004;75(6):868-872. 

279. Dehdashti AR, Mermillod B, Rufenacht DA, Reverdin A and de Tribolet N. 
Does treatment modality of intracranial ruptured aneurysms influence the in-
cidence of cerebral vasospasm and clinical outcome? Cerebrovasc Dis 
2004;17(1):53-60. 

280. Koivisto T, Vanninen E, Vanninen R, Kuikka J, Hernesniemi J and Va-
palahti M. Cerebral perfusion before and after endovascular or surgical 
treatment of acutely ruptured cerebral aneurysms: a 1-year prospective fol-
low-up study. Neurosurgery 2002;51(2):312-325; discussion 325-316. 

281. de Oliveira JG, Beck J, Ulrich C, Rathert J, Raabe A and Seifert V. Com-
parison between clipping and coiling on the incidence of cerebral vasospasm 
after aneurysmal subarachnoid hemorrhage: a systematic review and meta-
analysis. Neurosurg Rev 2007;30(1):22-30; discussion 30-21. 

282. Gruber A, Reinprecht A, Bavinzski G, Czech T and Richling B. Chronic 
shunt-dependent hydrocephalus after early surgical and early endovascular 
treatment of ruptured intracranial aneurysms. Neurosurgery 1999;44(3):503-
509; discussion 509-512. 

283. Dehdashti AR, Rilliet B, Rufenacht DA and de Tribolet N. Shunt-dependent 
hydrocephalus after rupture of intracranial aneurysms: a prospective study of 
the influence of treatment modality. J Neurosurg 2004;101(3):402-407. 

284. Dorai Z, Hynan LS, Kopitnik TA and Samson D. Factors related to hydro-
cephalus after aneurysmal subarachnoid hemorrhage. Neurosurgery 
2003;52(4):763-769; discussion 769-771. 

285. Heuer GG, Smith MJ, Elliott JP, Winn HR and LeRoux PD. Relationship 
between intracranial pressure and other clinical variables in patients with 
aneurysmal subarachnoid hemorrhage. J Neurosurg 2004;101(3):408-416. 



 106 

286. Wartenberg KE and Mayer SA. Medical complications after subarachnoid 
hemorrhage: new strategies for prevention and management. Curr Opin Crit 
Care 2006;12(2):78-84. 

287. Jones PA, Andrews PJ, Midgley S, Anderson SI, Piper IR, Tocher JL, Hou-
sley AM, Corrie JA, Slattery J, Dearden NM and Miller JD. Measuring the 
burden of secondary insults in head-injured patients during intensive care. J 
Neurosurg Anesthesiol 1994;6(1):4-14. 

288. Elf K, Nilsson P, Ronne-Engstrom E, Howells T and Enblad P. Cerebral 
perfusion pressure between 50 and 60 mm Hg may be beneficial in head-
injured patients: a computerized secondary insult monitoring study. Neuro-
surgery 2005;56(5):962-971; discussion 962-971. 

289. Asgeirsson B, Grande PO and Nordstrom CH. A new therapy of post-trauma 
brain oedema based on haemodynamic principles for brain volume regula-
tion. Intensive Care Med 1994;20(4):260-267. 

290. Grande PO, Asgeirsson B and Nordstrom CH. Physiologic principles for 
volume regulation of a tissue enclosed in a rigid shell with application to the 
injured brain. J Trauma 1997;42(5 Suppl):S23-31. 

291. Treggiari MM, Walder B, Suter PM and Romand JA. Systematic review of 
the prevention of delayed ischemic neurological deficits with hypertension, 
hypervolemia, and hemodilution therapy following subarachnoid hemor-
rhage. J Neurosurg 2003;98(5):978-984. 

292. Bailes JE, Spetzler RF, Hadley MN and Baldwin HZ. Management morbid-
ity and mortality of poor-grade aneurysm patients. J Neurosurg 
1990;72(4):559-566. 

293. Miyaoka M, Sato K and Ishii S. A clinical study of the relationship of timing 
to outcome of surgery for ruptured cerebral aneurysms. A retrospective 
analysis of 1622 cases. J Neurosurg 1993;79(3):373-378. 

294. Oka K, Kuromatsu C, Takaki T, Maeyama R, Fukui M and Kitamura K. 
[Therapeutic problems in aged patients with intracranial aneurysms]. No 
Shinkei Geka 1987;15(4):375-379. 

295. Macdonald RL, Wallace MC and Coyne TJ. The effect of surgery on the 
severity of vasospasm. J Neurosurg 1994;80(3):433-439. 

296. Graf CJ and Nibbelink DW. Cooperative study of intracranial aneurysms and 
subarachnoid hemorrhage. Report on a randomized treatment study. 3. In-
tracranial surgery. Stroke 1974;5(4):557-601. 

297. Aaslid R, Huber P and Nornes H. Evaluation of cerebrovascular spasm with 
transcranial Doppler ultrasound. J Neurosurg 1984;60(1):37-41. 

298. Harders AG and Gilsbach JM. Time course of blood velocity changes related 
to vasospasm in the circle of Willis measured by transcranial Doppler ultra-
sound. J Neurosurg 1987;66(5):718-728. 

299. Grolimund P, Seiler RW, Aaslid R, Huber P and Zurbruegg H. Evaluation of 
cerebrovascular disease by combined extracranial and transcranial Doppler 
sonography. Experience in 1,039 patients. Stroke 1987;18(6):1018-1024. 

300. Krejza J, Mariak Z and Lewko J. Standardization of flow velocities with 
respect to age and sex improves the accuracy of transcranial color Doppler 
sonography of middle cerebral artery spasm. AJR Am J Roentgenol 
2003;181(1):245-252. 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Medicine 407

Editor: The Dean of the Faculty of Medicine

A doctoral dissertation from the Faculty of Medicine, Uppsala
University, is usually a summary of a number of papers. A few
copies of the complete dissertation are kept at major Swedish
research libraries, while the summary alone is distributed
internationally through the series Digital Comprehensive
Summaries of Uppsala Dissertations from the Faculty of
Medicine. (Prior to January, 2005, the series was published
under the title “Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-9504

ACTA
UNIVERSITATIS

UPSALIENSIS
UPPSALA

2009


	Abstract
	List of papers
	Abbreviations
	Introduction
	Background
	General review of subarachnoid hemorrhage
	History
	Cause
	Epidemiology
	Symptoms and diagnosis
	Natural course and overall clinical outcome
	Primary brain injury
	Re-bleeding
	Aneurysm treatment
	Cerebral vasospasm
	Treatment of vasospasm
	Secondary insult concept
	Neurointensive care

	Subarachnoid hemorrhage in the elderly
	Physiological effects of normal aging
	Conservative management in the elderly
	Neurosurgical aneurysm treatment in the elderly
	Endovascular aneurysm treatment in the elderly
	Possible advantage of neurointensive care in the elderly
	Cerebral vasospasm in the elderly


	Aims of the investigations
	General aim
	Specific aims

	Materials and Methods
	Paper I
	Patients
	Data collection
	Statistical analyses

	Paper II
	Patients
	Data collection
	Statistical analyses

	Paper III
	Patients
	Data collection
	Statistical analyses

	Papers IV and V
	Patients
	Data collection
	Statistical analyses (Paper IV)
	Statistical analyses (Paper V)

	Paper VI
	Patients
	Data collection
	Statistical analyses

	Grading scales
	Neurological grading scales
	Radiological grading scale
	Outcome grading scales


	Results
	Paper I
	Paper II
	Paper III
	Paper IV
	Paper V
	Paper VI

	Discussion
	Changes in management and outcome over time
	Introduction of coiling in elderly SAH patients
	Technical feasibility and aneurysm occlusion rate
	Procedural complications
	Outcome

	Coiling versus clipping in elderly SAH patients
	Outcome
	Procedural complications
	Adverse events

	Secondary insults in severe subarachnoid hemorrhage
	Definitions of secondary insults
	Occurrence and distribution of secondary insults
	Occurrence of secondary insults related to base characteristics
	Age and occurrence of secondary insults
	Secondary insults and functional outcome
	Secondary insults and clinical deterioration
	Outcome in elderly patients with severe SAH

	Age and cerebral vasospasm
	Age is not a predictor of cerebral vasospasm


	Conclusions
	Summary in Swedish – Sammanfattning på svenska
	Acknowledgements
	References

