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ABSTRACT 
Subarachnoid hemorrhage is a devastating condition due to many etiologies, accounting for 5% of all 

stroke patients. Rupture of an intracranial aneurysms is most frequent causative factor. The diagnosis is 

usually easy as clinical symptomatology is quite classical, but diagnosis of warning leaks requires 
increased degree of suspicion. Non contrast computerised scan (CT) of head is initial investigation of 

choice, followed by cerebrospinal fluid (CSF) examination if required. Conventional cerebral 

angiography or 4 vessel intra arterial digital subtraction angiography (DSA) is performed in all cases for 

aneurysm and cerebral vasculature details. Magnetic resonance angiography (MRA) and CT angiography 
are increasingly available and popular modes of evaluating aneurysmal bleed but lack the sensitivity of 

DSA, and are frequently insufficient for surgical planning. The current trend is towards early clipping or 

coiling of an aneurism, choice depending on aneurysm characteristics, associated features, and centre‟s 
experience. This review discusses current knowledge about subarachnoid hemorrhage due to aneurysmal 

bleed 
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INTRODUCTION  

The subarachnoid space, contained within arachnoid cistern, is a well formed fluid compartment in cranial 

and spinal cavity which contains and circulates cerebrospinal fluid (CSF) (Liliequist, 1995). Subarachnoid 

hemorrhage is a devastating condition, not a disease, caused by many etiologies. 

A Subarachnoid hemorrhage (SAH) accounts for 5% of all strokes but its burden is relevant due to high 

mortality, high disability and a remarkable incidence in the young  (Feiginet et al., 2005). The annual 
incidence of aneurysmal subarachnoid hemorrhage (SAH) is approximately 20 per 100,000/ year in 

Japan, and it is suggested that approximately 40% of SAH patients have poor outcome (Fujinaka et al., 

2012). The incidence of SAH in the United States of America (USA) on an average has remained constant 
at approximately 11 per 100,000 populations, annually, while the deaths from SAH account for about 4.3 

per 100,000 populations (Ingall et al., 1989). There is one chance of good recovery out of five and one 

chance of getting crippled, three  out of five  die sooner or later  (Ask-Upmarks et al., 1989).There are 
very few studies in India to determine that whether incidence is similar to the developed nations or 

different,  due to lack of exact epidemiological data and properly designed studies  (Bhagwati, 1998). In a 

study of stroke in young from India (Chopra and Prabhakar., 1979) 7.6% of all stroke patients below 40 

years of age had SAH. Regardless of the aetiology, SAH most frequently occurs between ages 40 and 60 
years, with the peak frequency between 55 and 60 years of age (Locksley et al., 1966). 

Intracranial aneurysms are the most frequent causative factor of spontaneous SAH. The rupture of an 
intracranial aneurysm is responsible for about 85% of SAHs; 10% are represented by non-aneurysmal 

conditions; 5% are represented by other medical conditions such as inflammatory or non-inflammatory 

lesions of cerebral artery, coagulopathy, neoplasms or drug abuse (Venti, 2012).Other causes include 
arteriovenous malformations (AVM), trauma, collagen vascular disease and sickle cell anemia. We shall 

discuss aneurysmal SAH (aSAH), as this is the most common cause of spontaneous subarachnoid 

hemorrhage and make a passing reference to nonaneurysmal SAH at the end. 
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Aneurysmal SAH 

The prevalence of incidental intracranial aneurysms at post-mortem examination is 1-6% among adults in 

large autopsy series (Mc Corrmick and Nofzinger., 1965; Inagawa and Hirame (1990).whereas its 
prevalence among adults undergoing cerebral angiography is between 0.5-1 percent (Winn et al.,1983; 

Atkins et al., 1989). Asymptomatic aneurysms of various sizes, types, and locations are detected in 

approximately 1% to 6% of the healthy subjects who undergo brain examination (Uchino et al., 1995). 
Prevalence of intracranial saccular aneurysms in a Japanese community based on a recent consecutive 

autopsy series during a 30-Year observation period was 4.6%, which is the mean level among previous 

many studies (Iwamoto et al., 1999).  

Approximately 80-85% of aneurysms are located in anterior circulation, most commonly at the junction 
of internal carotid artery and posterior communicating artery, anterior cerebral artery complex or 

bifurcation of middle cerebral artery (Fox, 1983). Table 1 shows location of single aneurisms (Yasargil, 

1984). Aneurysms of posterior circulations are most commonly located at the basilar artery or the junction 
of a vertebral artery and the ipsilateral posterior inferior cerebellar artery

 
(Fox, 1983; Kassell et al., 1990). 

The Hisayama study revealed that the most frequent site of aneurysm was the middle cerebral artery, 

where 23 aneurysms (31.5%) occurred, followed by 22 (30.1%) at the anterior communicating artery, 11 
(15.1%) at the anterior cerebral artery, 9 (12.3%) at the vertebrobasilar artery, and 8 (11.0%) at the 

intracranial internal carotid artery and 12 (21.3%) had multiple aneurysms, although as many as 13 

aneurysms have been reported  (Cedzich et al., 1990). 

Aneurysmal subarachnoid hemorrhage is a form of hemorrhagic stroke that affects up to 30,000 
individuals per year in the United States  (Zacharia et al., 2010), higher than incidence of primary brain 

tumour and multiple sclerosis. However, little is known about the true prevalence of ruptured and 

unruptured aneurysms of the brain in the general population because of technical difficulties in detecting 
the presence of aneurysms. Only 2% of aneurysms under 5mm diameter rupture in contrast to 40% of 

these between 6-10 mm. 

Pathogenesis 

Aneurysms arising from intracranial arteries are much more common than extracranial arteries of similar 
size possibly because former do not have external elastic lamina and have an attenuated tunica media 

(Schievink, 1997). The aneurysmal wall is composed of only intima and adventitia with variable amount 

of fibrohyaline tissue interposed. 
There are various theories of pathogenesis of aneurysms. One proposes that a congenital layer weakness 

in muscular layer of cerebral arteries is responsible for herniation of internal layer which destroys the 

elastic membrane, distending and outpouching as an aneurysmal sac. Other favour postnatal degeneration 
within the vessel wall leading to deterioration of internal elastic lamina and ultimately aneurysm 

formation. Still other postulate combination of congenital and degenerative effects (Sahs et al., 1969). 

Saccular intracranial aneurysms (sIA) are pouch-like pathological dilatations of intracranial arteries that 

develop when the cerebral artery wall becomes too weak to resist hemodynamic pressure and distends. 
Some sIAs remain stable over time, but in others, mural cells die, the matrix degenerates, and eventually 

the wall ruptures, causing life-threatening hemorrhage (Frösen et al., 2012).. Current data suggest that the 

loss of mural cells and wall degeneration are related to impaired endothelial function and high oxidative 
stress, caused in part by luminal thrombosis. The aberrant flow conditions caused by sIA geometry are the 

likely cause of the endothelial dysfunction, which results in accumulation of cytotoxic and pro-

inflammatory substances into the sIA wall, as well as thrombus formation. This may start the processes 
that eventually can lead to the decellularized and degenerated sIA wall that is prone to rupture (Frösen et 

al., 2012).  

Genetic and environmental factors also merit discussion. Many heritable connective tissue diseases like 

autosomal dominant polycystic kidney disease (Xu et al., 2011). Ehlers Danlos syndrome type IV and 
neurofibromatosis-I are associated with intracranial aneurysms (Dohle et al., 2012; Becker et al., 2010). 

Familial aggregation of intracranial aneurysms is known and 7-20% of patients with aneurysmal SAH 
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have a first or second degree relative with a confirmed intracranial aneurysm. Familial aneurysms, as 

compared to sporadic ones, rupture at an earlier age and one more often followed by the formation of new 

aneurysm. The inheritance pattern is still unclear, although autosomal transmission seems likely (Goksu 
et al., 2012; Ronkainen et al., 1995).  

Among environmental factors, cigarette smoking is associated with 3-10 times higher risk of aneurysmal 

SAH as compared to non-smokers (Longstreth et al., 1992). Cigarette smoking decreases the 
effectiveness of Alpha-1 antitrypsin, the main inhibitor of proteolytic enzymes (proteases) such as 

elastase, and the imbalance between proteases and antiproteases may result in the degradation of a variety 

of connective tissue including the arterial wall (Schievink et al., 1994). In recent studies it is found that 

joint effect of current smoking and hypertension on the risk of aneurysmal SAH was stronger than was 
the sum of the independent effects of each factor suggesting that combining smoking cessation and blood 

pressure lowering may have an extra risk reduction effect in preventing aneurysmal SAH (Lindekleiv et 

al., 2012). 
Hypertension, the most frequently studied risk factor is associated with an increased risk of aneurysmal 

SAH as well as unruptured intracranial aneurysm. In one hospital-based case-control and cohort study it 

was seen that patients with hypertension had a nearly seven-fold higher risk of aneurysmal subarachnoid 
hemorrhage and substantiating the hypothesis that aneurysm is an acquired and hemodynamically induced 

chronic disease 
 
(Kleinpeter and Lehar 2012; Qureshi et al., 2011).  

In recent population-based case-control study in Australasia, it was found that alcohol consumption is not 

a significant risk factor for causing aneurysmal SAH
 
 (Shiue  et al., 2012; Inagawa, 2010)but recent heavy 

alcohol consumption, particularly „binge alcohol‟ may increase the risk of SAH  (Juvela et al., 1993). 

Clinical Features 
Most aneurysm may remain asymptomatic and some may present by mass effect. Although rupture of an 
aneurysm leading to SAH can occur anytime, it is most common during times of exertion or stress 

(Schievink et al., 1989). There are anecdotal reports and reviews available suggesting that sexual activity 

may be important cause for rupture of intracranial aneurysm (Portunato et al., 2012; Reynolds et al., 

2011; Bhat et al., 2011). Uniquely severe headache is most common symptom in 80-90%, often 
accompanied by photophobia, nausea or vomiting. 

The meningeal irritation is the most common sign, found in 50 % of aneurysmal SAH, but may not 

develop until several hours as it is caused by blood breakdown products. Neck pain, lower back pain and 
sometimes bilateral radicular leg pain may occur as bloody CSF flows down the spinal canal. The fundal 

abnormalities are also commonly seen in SAH. The 3
rd

 nerve palsy is seen in some of the patients. The 

sine qua non of SAH in an awake patient is the complaint of "the worst headache of my life (Bhat et al., 
2011; Bassi et al., 1991; Tandon, 1988; Fontanarosa, 1989). A systematic review of case series and 

randomized trials revealed that patient may or may not lose consciousness and seizures may occur in up 

to 20% of patients after SAH, most commonly in the first 24 hours and in SAH associated with 

intracerebral hemorrhage, hypertension, and middle cerebral and anterior communicating artery 
aneurysms (Raper et al., 2012; Lanzino et al., 2011; Claassen et al., 2003). 

Intracerebral, intraventricular or subdural hematoma may occur after aneurysmal rupture but rarely 

(1.6%) without any evidence of SAH (Thai et al., 2005; Prasad et al., 2009; Biesbroek et al., 2012). One 
third to one half of patients may have prodromal or sentinel headache which is generally unusual and 

acute preceding the hemorrhage by several days or weeks  and is considered to be a warning symptom of 

impending aneurysmal rupture. This warning leak is often misdiagnosed as migraine, sinusitis, influenzae 
or malignancy, causing crucial delay in diagnosis (Regli et al., 1997; Hauerberg et al., 1991). 

Examination may reveal meningeal signs, unilateral or bilateral gravity dependent flat superior and 

convex inferior subhyaloid/vitreous hemorrhage also known as Terson syndrome on ophthalmological 

examination and/or focal neurological deficit. Terson syndrome is likely to occur in severe aneurysmal 
SAH with poor admission scores and has been suggested to indicate a worse functional outcome so an 

ophthalmological examination is strongly recommended in aneurysmal SAH patients with poor admission 
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scores (Stienen et al., 2012). Oculomotor nerve palsy most commonly occurs with posterior 

communicating artery aneurysms but may also be seen with aneurysms of carotid bifurcation, the 

posterior cerebral artery, the basilar bifurcation, and the superior cerebellar artery (Güresir et al., 2011). 
Trigeminal nerve distribution pain, though uncommon, may be seen with aneurysms within cavernous 

sinus (Stiebel-Kalish et al., 2005). Abducent nerve palsy is usually related to increased intracranial 

tension but an aneurysm arising from the cavernous segment to the petrous segment of the internal carotid 
artery may present with it (Ikeda et al., 2012). 

Patients with SAH are usually assigned clinical grades. Worldwide, different scales are used to assess the 

clinical condition on admission after aneurysmal subarachnoid hemorrhage and two of the most 

universally applied scale systems are that of Hunt and Hess and one developed by the world Federation of 
neurological surgeons based in part of Glasgow coma scale. Table 2(Degen et al., 2011)shows grading 

according to different rating scales.  Associated severe systemic disease like diabetes, pulmonary disease 

and hypertension may place patient in less favourable grade. 

Investigations 

Noncontrast computerized tomographic (CT) scan of head should be first investigation to be performed in 

a suspected case. It can demonstrate magnitude and location of the hemorrhage, presence of intracerebral 
hematoma, can assess ventricular size and can also suggest the probable location of an aneurysm. Older 

studies have shown that  CT scan can demonstrate the presence of a SAH in 90-95% of patients within 24 

hours after the hemorrhage, after which its sensitivity decreases to 80% at 3 days, 70% at 5 days, 50% at 

one week and 30% at two weeks and almost nil after 3 weeks (van Gijn and van Dongen, 1982). The CT 
scan should be carefully scrutinized because small amounts of subarachnoid blood may easily be missed. 

Even if CT is performed within 12 h after the hemorrhage and with a modern CT machine, studies are 

negative in about 2% of patients with SAH (van der et al., 1995). A false-positive diagnosis of SAH on 
CT is possible in the presence of generalized brain oedema and cerebral venous sinus thrombosis, which 

causes venous congestion in the subarachnoid space and in this way may mimic SAH (Avrahami et al., 

1998; Kato et al., 2010). 

The pattern of hemorrhage often suggests the location of any underlying aneurysm like presence of blood 
within the supratentorial ventricular system may be due to suspected anterior communicating artery 

aneurysm, intracerebral hematomas one most frequently seen with suspected middle cerebral artery or 

distal anterior cerebral artery aneurysm, inferior frontal hematomas occur commonly with ruptured 
anterior communicating artery aneurysms (van Gijn and van Dongen, 1980). 

Lumbar puncture should only be performed when clinical suspicion is strong and diagnosis remains in 

question following C T scan or when the latter is not available. Although lumbar puncture carries a risk of 
brain herniation and aneurysmal rebleed, it can improve the diagnosis and is also helpful in ruling out 

meningitis. As xanthochromia is caused by breakdown of blood products which takes several hours, a 

lumber puncture performed very soon after SAH may fail to show the same (Vermeulen et al., 1989). 

Xanthochromia can usually be detected 4 hours after the hemorrhage, becomes maximum one week later, 
and at 3 weeks mostly it is undetected. Spectrophotometry can detect xanthochromia in CSF in all 

patients between 12 hours and 2 weeks after the hemorrhage, in 70% after 3 weeks and in 40% after 4 

weeks
 
(Vermeulen et al., 1989). 

The diagnostic investigation of CT-negative subarachnoid hemorrhage is a particular challenge in clinical 

neurology. The diagnosis of SAH in CSF is based on a bloody or xanthochromic discoloration of the CSF 

as well as on findings in non-automated CSF cytology including the detection of erythrophages and 
siderophages. The automated determination of CSF ferritin concentrations or spectrophotometric 

detection of xanthochromia may contribute to the diagnosis (Tumani et al., 2010).   

Conventional four vessels angiography remains the „gold standard‟ but 4 vessel intra arterial digital 

substraction angiography (DSA )or selective catheter cerebral angiography is method of choice for 
detecting an intracranial aneurysm and its anatomical details as the cause of SAH. The mortality 

associated with the procedure in experienced hands is low. In a recent  review of  prospective studies of 
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1,000 or more procedures revealed  a combined transient and reversible neurologic complication rate 

from 0.34% to 2.3%, a permanent neurologic complication rate from 0.1% to 0.5% , and a mean overall 

rate of 1.6% only (Willinsky  et al., 2003; Dawkins et al.,  2007). Angiography can delineate the vessels 
arising adjacent to the aneurysm, can detect multiple aneurysm if present, and can assess presence and 

degree of vasospasm. The resolution of 4 vessels intraarterial DSA is somewhat inferior to conventional 

angiography but it has got an advantage of using less amount of dye. If initial angiography is normal, then 
it should be repeated in 5-7 days especially when it shows focal vasospasm or when whole of the cerebral 

vasculature is not adequately visualized. Repeat angiography after one week may show a previously 

unrecognized aneurysm in an additional 1% to 2% of cases (Forster et al., 1978). 

Helical CT angiography is now increasingly recognised as an effective diagnostic tool in evaluation of 
SAH patients. It can help in finding relationship of an aneurysm to bony structures and can be done in 

patients who already have ferromagnetic clips for earlier treated aneurysms where MRA cannot be used
 

(Schievink, 1997).In one recent Indian study conducted at Kashmir proved that non-invasive tool like CT-
angiography (CTA) detected aneurysms in around 83.42% patients and was negative in only 16.58 

percent (Bhat et al., 2011). In another recent well designed study of 513 patients, 106 (20.7%) had no 

aneurysms, while 407 patients (79.3%) had 459 aneurysms at 3 dimentional (3D) DSA. Digital 
subtraction CT angiography correctly depicted 456 (99.3%) of the 459 aneurysms. By using 3D DSA as 

the standard of reference, the sensitivity and specificity of depicting intracranial aneurysms were 97.8% 

and 88.7% , respectively, on a per-patient basis, and 96.5% (443 of 459) and 87.8% (94 of 107), 

respectively, on a per-aneurysm basis. Digital subtraction CT angiography had sensitivities of 91.3%, 
94.0% ,98.4% , and 100% in depicting aneurysms of less than 3 mm, between 3 mm but less than 5 mm, 

between 5 mm but less than 10 mm, and 10 mm or greater, respectively, and of 95.8% and 97.7% in 

depicting anterior circulation and posterior circulation aneurysms, respectively  (Lu et al., 2012). CT 
Angiography is highly sensitive, specific, and accurate in detecting no spasm or severe cerebral 

vasospasm in proximal arterial locations but it is less accurate for detecting mild and moderate spasm in 

distal locations (Anderson et al., 2000). 

Magnetic resonance angiography (MRA), although most convenient and without risk, can miss aneurysm 
below 5mm in diameter. Nowadays there are claims that MRA can detect aneurysm as small as 2 or 3mm 

but it is definitely not sufficient for surgical planning. In  one recent study patients who underwent CTA 

or MRA, the treatment plan was changed in 18.9% and 30.1%, respectively, based on subsequent 
information gleaned from DSA (Luke et al., 2011). Reasons for the change in the treatment plan included 

size and location discrepancies,  detection of a benign vascular variant rather than a true aneurysm, 

inadequate feeders and other vascular details. It was suggested that in “real-world” analysis of intracranial 
aneurysms, DSA continues to play an important role in determining the optimal management strategy 

(Luke et al., 2011). 

Management  

All patients should be transferred to neurosurgical centre as soon as possible. The aim of treatment is to 
exclude the aneurysm sac from intracranial circulation while preserving the parent artery, minimal brain 

tissue dysfunction, and to remove as much subarachnoid clot as safely possible. 

Preoperative management includes anticonvulsants, steroids, analgesics, antihypertensive like calcium 
channel blockers and supportive therapy. Treatment of hypertension, seen in approximately 10% of 

patients in post rupture period, is essential to reduce the risk of rebleeding because systolic arterial 

pressure >160 mm Hg has been shown to be a possible risk factor of rebleeding (Ohkuma  et al., 2001). 
At the same time hypertension may be reactionary due to reduction in cerebral perfusion pressure and 

even mild hypotension in the presence of disordered autoregulation may result in clinical worsening or 

infarction. One should thus, be thoughtful in treating hypertension. The response to sedation and 

analgesics should be assessed first and if it is decided to intervene, it is better to use short acting 
antihypertensive agents whose effect can be rapidly terminated.  
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The prophylactic anticonvulsants therapy may be considered in the immediate posthemorrhagic period but 

the routine long-term use of anticonvulsants is not recommended except for the patients with known risk 

factors for delayed seizure disorder, such as prior seizure, intracerebral hematoma, intractable 
hypertension, infarction, or aneurysm at the middle cerebral artery 

(
Ukkola  et al., 1990 ;Cabral  et al., 

2009).Use of antifibrinolytic agents is controversial. They have been shown to reduce the incidence of 

aneurysmal rebleeding when there is an unavoidable delay in aneurysm obliteration, specially a short-
term use of Tranexamic acid or Aminocaproic acid during patient transfer. But there is an increased risk 

of deep venous thrombosis (Starke et al., 2008). and these drugs are not approved by the US Food and 

Drug administration. 

Several studies have shown benefit of Nimodipine, a calcium channel blocker in minimising or averting 
vasospasm (Petruk et al., 1988; Seileret et al., 1987; Schmid-Elsaesser et al., 2006). In our opinion it 

should be used routinely in every patient of SAH in dosage of 60mg three times a day if there is no 

hypotension. 
Clipping the neck of ruptured aneurysm as well as endovascular intervention by neuroradiologist are the 

most definitive treatments available. In last few years results of aneurysmal surgery have improved 

remarkably after improved introduction of operating microscope, microsurgical techniques, advanced 
aneurysm clips and bipolar coagulation. Surgical clipping or endovascular coiling of the ruptured 

aneurysm should be performed as early as feasible in the majority of patients to reduce the rate of 

rebleeding after aSAH and complete obliteration of the aneurysm should be done whenever possible.  

For ruptured aneurysms judged to be technically amenable to both endovascular coiling and neurosurgical 
clipping, endovascular coiling should be considered if facility and expertise is available  (Molyneux et al., 

2005 ; Bakker et al., 2010). If possible, all the patients who undergo coiling or clipping of a ruptured 

aneurysm should have follow-up vascular imaging, and should be re-treated either by repeat coiling or 
microsurgical clipping, if there is a clinically significant residual aneurysm (Piotin  et al., 2010). Decision 

regarding nature of aneurysm treatment should be made by both experienced cerebrovascular surgeon and 

endovascular specialist, based on characteristics of the patient and the aneurysm (Piotin  et al., 2010). 

Microsurgical clipping is more favourable in patients with large (>50 ml) intraparenchymal hematomas 
and middle cerebral artery aneurysms (Rinne  et al., 1996). Endovascular coiling is favoured for the 

elderly (Karamanakos et al., 2010),  those presenting with poor-grade aSAH (Bracard  et al., 2002),  and 

those with aneurysms of the basilar apex (Lusseveld et al., 2002). 
Timing of surgery has been controversial. Early surgery has an advantage of preventing much dreaded 

rebleeding but at the same time is technically slightly more difficult due to brain oedema and clot around 

the aneurysm. Most neurosurgeons now believe that early surgery is not significantly difficult technically 
(Kopitnic et al., 1993). The incidence of vasospasm is not significantly different in early v/s late surgery 

but with former, aggressive treatment of vasospasm can be given (Weir et al., 1982) Earlier trend was to 

delay definitive surgery but nowadays more and more neurosurgeons are opting for early surgery 

especially in grade 1-3 patients. 

Complications 

Rebleeding is most important complication of untreated ruptured aneurysm. The risk of rebleeding is 

between 4% and 13.6% within the first 24 hours and is associated with worse outcome (Kassell and 
Torner., 1983; Ohkuma  et al., 2001; Cha et al., 2010). It reduces to 1-2% per day for first 2 weeks 

(Kassel et al., 1983). Factors associated with aneurysm rebleeding include longer time to aneurysm 

treatment, poor Hunt-Hess grading at admission, early loss of consciousness, larger aneurysm size, and 
possibly high systolic blood pressure >160 mm Hg (Naidech et al., 2005; Yundt et al., 1998). Early 

surgery is best way to prevent rebleeding.  

Significant vasospasm occurs in approximately 30% of patients between 3-15 days after SAH with peak 

incidence around 7-10 days, it may last for days to weeks and spontaneously resolve in 21 days but there 
is gradual and progressive decline in neurological status once it develops

   
(Yundt  et al., 1998 ; Takeuchi 

et al., 1991).Its occurrence correlates well with amount and distribution of blood on CT scan. Diffuse 
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cerebral ischemia especially that associated with arterial vasospasm remains a major cause of mortality 

and morbidity in patients with aSAH.  Hemodynamic augmentation therapy (triple-H therapy) in which 

hemodilution, hypervolaemia and systemic hypertension is induced, is the main stay of management 
(Lazaridis et al., 2010) The use of endovascular therapy with vasodilators and balloon angioplasty for 

large intracranial vessel vasospasm needs more evidence for efficacy and safety, can be used in patients 

who are not responding to hypertensive therapy (Kimball et al., 2011). Transcranial Doppler is useful, 
though sparingly used to monitor  the development of arterial vasospasm especially for middle cerebral 

artery and its territories (Suarez et al., 2002).  

Communicating hydrocephalus can develop in 15% to 87%, both before and after surgery or endovascular 

coiling, and should be managed appropriately (Little et al., 2008; Hoh et al., 2011). Acute hydrocephalus 
associated with poor grade aSAH is usually managed by external ventricular drainage while chronic 

hydrocephalus associated with aSAH is usually treated with ventricular shunt placement 
(
Ransom et al., 

2007; Jartti et al., 2008). 
Both hypernatremia and hyponatremia are frequently observed in the acute phase after aSAH, the 

reported incidence of later ranges from 10% to 30 percent (Qureshi et al., 2002; Nakagawa et al., 2010). 

Hyponatremia commonly attributed either to the syndrome of inappropriate antidiuretic hormone 
secretion (SIADH) or cerebral salt wasting syndrome (Kao et al., 2009).   

 

Table 1: Location of single aneurysm
 
(Yasargil, 1984) 

Location Percentage 

Antrior communicating artery 37.1 

Internal Carotid Artery  31.5 

Middle Cerebral Artery 18.2 

Basilar apex  5.0 

Pericallosal  2.0 

Posterior Inferior cerebellar artery 1.0 

 

Table 2: Summary of the hunt and hess scale, the world federation of neurological surgeons scale, 

and the prognosis on admission of aneurysmal subarachnoid hemorrhage scale
 
(Degen et al., 2011).   

 

Grade Hunt and Hess Scale WFNS Scale PAASH Scale 

I Asymptomatic, or minimal headache and 

slight nuchal rigidity 

GCS score 15 GCS score 15 

II Moderate to severe headache, nuchal 
rigidity, no neurological deficit other 

than cranial nerve palsy 

GCS score 13–14 
without focal deficit 

GCS score 11–
14 

III Drowsiness, confusion, or mild focal 

deficit 

GCS score 13–14 

with focal deficit 

GCS score 8–10 

IV Stupor, moderate to severe hemiparesis, 

possibly early decerebrate rigidity, and 

vegetative disturbances 

GCS score 7–12 GCS score 4–7 

V Deep coma, decerebrate rigidity, 
moribund appearance 

GCS score 3–5 GCS score 3 

 

 GCS: Glasgow Coma Scale 

  PAASH: Prognosis on Admission of Aneurysmal Subarachnoid Hemorrhage 
  WFNS: World Federation of Neurological Surgeons.  
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Nonaneurysmal SAH 

Approximately three fourth of patients have aneurysm responsible for spontaneous SAH. Out of 

remaining one fourth, 5% have arterio-venous malformations (AVMs) (Gross and Du., 2012). In 20% 
various other etiologies like coagulopathy, tumours, spinal AVMs, angiopathy etc. are responsible. Non 

aneurysmal SAH patients fare better initially and subsequently as compared to patients with ruptured 

aneurysms. The incidence of rebleeding is only 4% at 6 months and 0.2-0.86% per year thereafter 
(Nishioka et al., 1984). Eighty percent patients with negative angiography and SAH of uncertain etiology 

have good outcome as compared to 50% of patients with aneurysmal SAH (Brismar and Sundbärg., 1985; 

Fujii et al., 2006). The management is conservative and same as outlined in aneurysmal SAH. 

 

 
 

Figure 1: A 39 years old woman had severe bursting headache „never before in her life‟ and 

followed by loss of consciousness. Her axial CT scan showing extensive subarachnoid hemorrhage 

involving all cisterns, bilateral sylvian fissure and frontal interhemispheric fissure. 
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Figure 2: DSA of same patient figure1 showing large anterior communicating artery aneurysm 

  

 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm 

2012 Vol. 2 (3) September - December, pp. 257-271/Sardana et al. 

Review Article 

265 
 

 
Figure 2: Another 27 years old gentleman saying “the worst headache of my life” associated with 

diplopia and ataxia. The 3D reconstructed images of DSA showing basilar top aneurysm. 

 
Figure 3: Before and after Embolization, DSA of the same patient showing well occluded sac of 

aneyrysm and patient improved remarkably without recurrence on follow up. 
 

SUMMARY 

Rupture of an intracranial aneurysm is the most common cause of sudden, unexpected and devastating 

SAH. The rupture usually poses no difficulty in diagnosis but for recognising preceding headaches due to 
warning leak, one requires increased index of suspicion. After initial CT scan, 4 vessels intraarterial 

digital substraction angiography is used to delineate the vessels arising adjacent to the aneurysm, can 

detect multiple aneurysms if present, and can assess presence and degree of vasospasm. Magnetic 
resonance angiography, though non-invasive and easy technique, but can miss aneurysms smaller than 

5mm and may not be ideal for surgical planning. Another non-invasive tool, CT-angiography is also 

useful in poor grade SAH patients which can detect around 85% of aneurysms. Trans cranial Doppler is 

useful to monitor the arterial vasospasm especially for middle cerebral artery and its territories. 
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The current trend is towards early intervention. More and more centres are opting for endovascular 

coiling over aneurysmal clipping which is the most definitive treatment. Vasospasm following the rupture 

is still managed conservatively but in refractory cases endovascular therapy with vasodilators and balloon 
angioplasty can reasonably be considered at higher neurosurgical and neuro-intervention centres though 

more proof is required for its wider use.  

 

ACKNOWLEDGEMENT 

Dr Lokesh Rawat MD (Radio- diagnosis), Consultant Radiologist, Sudha Hospital, Kota for 

providing CT angiography and DSA ( fig 3 & 4) 

REFERENCES 
Anderson GB, Ashforth R, Steinke DE, Findlay JM (2000). CT angiography for the detection of 

cerebral vasospasm in patients with acute subarachnoid hemorrhage. Amrican Journal of Neuroradiology. 

21(6) 1011-1015. 
Ask-Upmarks E, Ingavar D (1950). A follow-up examination of 138 cases of subarachnoid hemorrhage. 

Acta Medica Scandinavica 138 15-31.   

Atkins JLD, Sundt TM Jr , Houser OW, Whisnant JR.(1998). Angiographic frequency of anterior 
circulation intracranial aneurysms. Journal of  Neurosurgery 6 551-555 

Avrahami E, Katz R, Rabin A, Friedman V (1998).CT diagnosis of non-traumatic subarachnoid 

haemorrhage in patients with brain edema. European Journal of Radiology 28 (3) 222-225. 

Bakker NA, Metzemaekers JD, Groen RJ, Mooij JJ, Van Dijk JM (2010). International subarachnoid 
aneurysm trial 2009: endovascular coiling of ruptured intracranial aneurysms has no significant advantage 

over neurosurgical clipping. Neurosurgery. 66 (5) 961-962. 

Bassi P, Bandera R, Loiero M, Tognoni G, Mangoni A (1991). Warning signs in subarachnoid 
hemorrhage: A cooperative study. Acta Neurologica Scandinavica 84 277-281.     

Becker C, Roth C, Reith W, Fassbender K, Spiegel J (2010). Multiple aneurysms of intracranial 

arteries in neurofibromatosis Recklinghausen type 1. Fortschritte der Neurologie - Psychiatrie. 78 (5) 

294-295.  
Bhagwati SN (1998). Incidence of subarachnoid hemorrhage from aneurysmal rupture in India. 

Neurologia Medico-chirurgica 38 128-130.   

Bhat AR, Afzal Wani M, Kirmani AR. Subarachnoid hemorrhage in Kashmir (2011). Causes, risk 
factors, and outcome. Asian Journal of Neurosurgery 6 57-71. 

Biesbroek JM, Rinkel GJ, Algra A, van der Sprenkel JW (2012). Risk factors for acute subdural 

hematoma from intracranial aneurysm rupture. Neurosurgery. 71 (2) 264-269. 

Bracard S, Lebedinsky A, Anxionnat R, Neto JM, Audibert G, Long Y, Picard L (2002). 
Endovascular treatment of Hunt and Hess grade IV and V aneuryms. Amrican Journal of Neuroradiology. 

23 (6) 953-957. 

Brismar J, Sundbärg G. Subarachnoid hemorrhage of unknown origin (1985). Prognosis and 
prognostic factors. Journal of Neurosurgery 63 (3) 349-354.  

Cabral NL, Gonçalves AR, Longo AL, Moro CH, Costa G, Amaral CH, Fonseca LA, Eluf-Neto J 

(2009). Incidence of stroke subtypes, prognosis and prevalence of risk factors in Joinville, Brazil: a 2 year 
community based study. Journal of Neurology, Neurosurgery, and Psychiatry 80 (7) 755-761 

Cedzich C, Schramm J, Röckelein G (1990). Multiple middle cerebral artery aneurysms in an 

infant.Case report. Journal of Neurosurgery 72 (5) 806-809. 
Cha KC, Kim JH, Kang HI, Moon BG, Lee SJ, Kim JS (2010). Aneurysmal rebleeding: factors 

associated with clinical outcome in the rebleeding patients. Journal of Korean Neurosurgical Society 47 

(2) 119-123. 

Chopra JS, Prabhakar S. Clinical features and risk factors in stroke in young (1979). Acta 
Neurologica Scandinavica 60 (5) 289–300. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm 

2012 Vol. 2 (3) September - December, pp. 257-271/Sardana et al. 

Review Article 

267 
 

Claassen J, Peery S, Kreiter KT, Hirsch LJ, Du EY, Connolly ES, Mayer SA (2003). Predictors and 

clinical impact of epilepsy after subarachnoid hemorrhage.Neurology 60 208-214.   

Dawkins AA, Evans AL, Wattam J, Romanowski CA, Connolly DJ, Hodgson TJ, Coley SC (2007). 
Complications of cerebral angiography: a prospective analysis of 2,924 consecutive procedures. 

Neuroradiology 49 (9) 753-759.  

Degen LA, Dorhout Mees SM, Algra A, Rinkel GJ (2011). Interobserver variability of grading scales 
for aneurysmal subarachnoid hemorrhage. Stroke 42 (6) 1546-1549.  

Dohle C, Baehring JM (2012). Multiple strokes and bilateral carotid dissections: a fulminant case of 

newly diagnosed Ehlers-Danlos Syndrome Type IV. Journal of the Neurological Sciences 15 (1) 168-170. 

Feigin VL, Rinkel GJ, Lawes CM, Algra A, Bennett DA, van Gijn J, et al (2005). Risk factors for 
subarachnoid hemorrhage: An update systemic review of epidemiological studies. J Stroke 36 2773-

2780.   

Fontanarosa PB (1989). Recognition of subarachnoid hemorrhage. Annals of Emergency Medicine 18 

1199-1205 

Forster DM, Steiner L, Hakanson S, Bergvall U (1978). The value of repeat pan-angiography in cases 

of unexplained subarachnoid hemorrhage. Journal of Neurosurgery 48 712-6. 
Fox JL. Ed (1983). Intracranial aneurysms. Vol 1. New York: Springer Verlag 19-117 

Frösen J, Tulamo R, Paetau A, Laaksamo E, Korja M, Laakso A, Niemelä M, Hernesniemi J(2012). 

Saccular intracranial aneurysm: pathology and mechanisms. Acta Neuropathologica 6 773-786.  

Fujii M, Takasato Y, Masaoka H, Ohta Y, Hayakawa T, Honma M(2006). Analysis of unknown 
cause subarachnoid hemorrhage with repeated negative angiogram. No To Shinkei 58 (6) 489-493. 

Fujinaka T, Yoshimine T, Mashimo T (2012). Management of aneurysmal subarachnoid hemorrhage. 

Masui 61 (9) 962-972. 
Goksu E, Akyuz M, Tuncer R (2012). The results of radiological screening in asymptomatic at-risk 

members of intracranial aneurysm families from the Turkish population. Turkish Neurosurgery 22(1) 55-

61. 

Gross BA, Du R (2012). Vasospasm after arteriovenous malformation rupture. World Neurosurgery 78 

(3) 300-305 

Güresir E, Schuss P, Setzer M, Platz J, Seifert V, Vatter H (2011). Posterior communicating artery 

aneurysm-related oculomotor nerve palsy: influence of surgical and endovascular treatment on recovery: 
single-center series and systematic review. Neurosurgery 68 (6) 1527-1534. 

Hauerberg J, Andersen BB, Eskesen V, Rosenørn J, Schmidt K (1991). Importance of the recognition 

of a warning leak as a sign of a ruptured intracranial aneurysm. Acta Neurologica Scandinavica 83 (1) 61-
64. 

Hoh BL, Kleinhenz DT, Chi YY, Mocco J, Barker FG (2011). Incidence of ventricular shunt 

placement for hydrocephalus with clipping versus coiling for ruptured and unruptured cerebral aneurysms 

in the Nationwide Inpatient Sample database: 2002 to 2007. World Neurosurgery 76 (6) 548-554. 
Ikeda N, Nishizaki T, Abiko M, Sakakura T, Nakano S (2012).  Abducens palsy due to unruptured 

aneurysms of the internal carotid artery in a patient with systemic lupus erythematosus. Neurological 

Surgery (Tokyo) 40(5) 429-435. 
Inagawa T, Hirame A (1990). Autopsy study of unruptured incidental intracranial aneurysms.  Surgical 

Neurology 34 361-365. 

Inagawa T (2010). Risk factors for the formation and rupture of intracranial saccular aneurysms in 
Shimane, Japan. World Neurosurgery 73(3) 155-164.  

Ingall TJ, Whisnant JP, Wiebers DO, O'Fallon WM (1989). Has there been a decline in subarachnoid 

hemorrhage mortality? Original contributions. Stroke (20) 718-724 

Iwamoto H, Kiyohara Y, Fujishima M, Kato I, Nakayama K, Sueishi K, Tsuneyoshi M (1999). 
Prevalence of intracranial saccular aneurysms in a Japanese community based on a consecutive autopsy 

series during a 30-year observation period. The Hisayama study. Stroke 30 (7) 1390-1395. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm 

2012 Vol. 2 (3) September - December, pp. 257-271/Sardana et al. 

Review Article 

268 
 

Jartti P, Karttunen A, Isokangas JM, Jartti A, Koskelainen T, Tervonen O (2008). Chronic 

hydrocephalus after neurosurgical and endovascular treatment of ruptured intracranial aneurysms. Acta 

Radiologica 49(6) 680-686. 
Juvela S, Hillbom M, Numminen H, Koskinen P(1993). Cigarette smoking and alcohol consumption as 

risk factors for aneurysmal subarachnoid hemorrhage. Stroke  24(5) 639-646. 

Kao L, Al-Lawati Z, Vavao J, Steinberg GK, Katznelson L(2009). Prevalence and clinical 
demographics of cerebral salt wasting in patients with aneurysmal subarachnoid hemorrhage. Pituitary  2 

(4) 347-351. 

Karamanakos PN, Koivisto T, Vanninen R, Khallaf M, Ronkainen A, Parviainen I, Manninen H, 

von und zu Fraunberg M, Morgan MK, Jaaskelainen JE, Hernesniemi J, Rinne J (2010). The 
impact of endovascular management on the outcome of aneurysmal subarachnoid hemorrhage in the 

elderly in eastern Finland. Acta neurochirurgica 152(9) 1493-1502.  

Kassel NF, Torner JC (1983). Aneurysmal rebleeding. Apreliminary report from the Cooperartive 
Aneurysm Study. Neurosurgery 13 479-481. 

Kassell NF, Torner JC (1983). Aneurysmal rebleeding: a preliminary report from the Cooperative 

Aneurysm Study. Neurosurgery. Nov 13 (5) 479-81. 
Kassell NF,Torner JC, Halley EC Jr, Jane JA, Adams HP, Kongable GL(1990). The international co-

operative study on the Timing of Aneurysm surgery. Overall management results. Journal of 

Neurosurgery. 73 18-36. 

Kato Y, Takeda H, Furuya D, Nagoya H, Deguchi I, Fukuoka T, Tanahashi N(2010).Subarachnoid 
hemorrhage as the initial presentation of cerebral venous thrombosis. Internal Medicine. 49 (5) 467-70.  

Kimball MM, Velat GJ, Hoh BL (2011). Participants in the International Multi-Disciplinary Consensus 

Conference on the Critical Care Management of Subarachnoid Hemorrhage. Critical care guidelines on 
the endovascular management of cerebral vasospasm. Neurocritical Care.15 (2) 336-41. 

Kleinpeter G, Lehr S (2002).Is hypertension a major risk factor in aneurysmal subarachnoid 

hemorrhage? Wiener Klinische Wochenschrift. 15 (8) 307-14. 

Kopitnic TA, Samson DS. Management of subarachnoid hemorrghe (1993). Journal of Neurology, 
Neurosurgery, and Psychiatry. 56 947-59. 

Lanzino G, D'Urso PI, Suarez J (2011). Participants in the International Multi-Disciplinary Consensus 

Conference on the Critical Care Management of Subarachnoid Hemorrhage. Seizures and anticonvulsants 
after aneurysmal subarachnoid hemorrhage. Neurocritical Care 15 (2) 247-56. 

Lazaridis C, Naval N (2010). Risk factors and medical management of vasospasm after subarachnoid 

hemorrhage. Neurosurgery Clinics of North America. 21 (2) 353-64. 
Liliequist B (1959). The subarachnoid cisterns. An anatomic and roentgenologic study. Acta radiologica. 

Supplementum.185 1-108. 

Lindekleiv H, Sandvei MS, Romundstad PR, Wilsgaard T, Njølstad I, Ingebrigtsen T, Vik A, 

Mathiesen EB(2012). Joint effect of modifiable risk factors on the risk of aneurysmal subarachnoid 
hemorrhage: a cohort study. Stroke. 43 (7) 1885-9. 

Little AS, Zabramski JM, Peterson M, Goslar PW, Wait SD, Albuquerque FC, McDougall 

CG, Spetzler RF (2008). Ventriculoperitoneal shunting after aneurysmal subarachnoid hemorrhage: 
analysis of the indications, complications, and outcome with a focus on patients with borderline 

ventriculomegaly. Neurosurgery. 62 (3) 618-27. 

Locksley HB, Sahs AL, Knowler L (1966). Report on the cooperative study of intracranial aneurysms 
and subarachnoid hemorrhage. Section II. General survey of cases in the central registry and 

characteristics of the sample population. Journal of Neurosurgery.24 (5) 922-32 

Longstreth WT Jr, Nelson LM, Koepsell TD, van Belle G (1992). Cigarette smoking, alcohol use, and 

subarachnoid hemorrhage. Stroke. 23 (9) 1242-9. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm 

2012 Vol. 2 (3) September - December, pp. 257-271/Sardana et al. 

Review Article 

269 
 

Lu L, Zhang LJ, Poon CS, Wu SY, Zhou CS, Luo S, Wang M, Lu GM(2012). Digital subtraction CT 

angiography for detection of intracranial aneurysms: comparison with three-dimensional digital 

subtraction angiography. Radiology. 262 (2) 605-12.  

Luke Tomycz, Neil K. Bansal, Catherine R. Hawley, Tracy L. Goddard, Michael J. Ayad, and 

Robert A (2011). Mericle. “Real-world” comparison of non-invasive imaging to conventional catheter 

angiography in the diagnosis of cerebral aneurysms. Surgical Neurology International. 2 134.  

Lusseveld E, Brilstra EH, Nijssen PC, van Rooij WJ, Sluzewski M, Tulleken CA, Wijnalda D, 

Schellens RL, van der Graaf Y, Rinkel GJ(2002). Endovascular coiling versus neurosurgical clipping 

in patients with a ruptured basilar tip aneurysm. Journal of Neurology, Neurosurgery, and Psychiatry.73 

(5) 591-3. 
Mc Corrmick WF, Nofzinger JD (1965). Saccular Intracranial Aneurysms: An Autopsy  Study. Journal 

of Neurosurgery. 22 155-9. 

Molyneux AJ, Kerr RS, Yu LM, Clarke M, Sneade M, Yarnold JA, Sandercock P(2005).  
International Subarachnoid Aneurysm Trial (ISAT) Collaborative Group. International subarachnoid 

aneurysm trial (ISAT) of neurosurgical clipping versus endovascular coiling in 2143 patients with 

ruptured intracranial aneurysms: a randomised comparison of effects on survival, dependency, seizures, 
rebleeding, subgroups, and aneurysm occlusion. Lancet. 366(3):809-17. 

Naidech AM, Janjua N, Kreiter KT, Ostapkovich ND, Fitzsimmons BF, Parra A, Commichau C, 

Connolly ES, Mayer SA(2005). Predictors and impact of aneurysm rebleeding after subarachnoid 

hemorrhage. Archives of Neurology. 62 (3) 410-6. 
Nakagawa I, Kurokawa S, Nakase H (2010). Hyponatremia is predictable in patients with aneurysmal 

subarachnoid hemorrhage--clinical significance of serum atrial natriuretic peptide. Acta Neurochirurgica. 

152 (12) 2147-52.  
Nishioka H, Torner JC, Graf CJ, Kassell NF, Sahs AL, Goettler LC (1984). Cooperative study of 

intracranial aneurysms and subarachnoid hemorrhage: a long-term prognostic study. II. Ruptured 

intracranial aneurysms managed conservatively. Archives of Neurology. 41 (11) 1142-6. 

Ohkuma H, Tsurutani H, Suzuki S (2001). Incidence and significance of early aneurysmal rebleeding 
before neurosurgical or neurological management.Stroke. 32(5) 1176-80. 

Petruk KC, West M, Mohr G, Weir BK, Benoit BG, Gentili F, Disney LB, Khan MI, Grace M, 

Holness RO, et al(1988). Nimodipine treatment in poor-grade aneurysm patients. Results of a 
multicenter double-blind placebo-controlled trial. Journal of Neurosurgery.  68 (4) 505-17. 

Piotin M, Blanc R, Spelle L, Mounayer C, Piantino R, Schmidt PJ, Moret J(2010).Stent-assisted 

coiling of intracranial aneurysms: clinical and angiographic results in 216 consecutive aneurysms. Stroke. 
41 (1) 110-5.  

Portunato, Landolfa MC, Botto M, Bonsignore A, De Stefano F, Ventura F (2012).Fatal 

subarachnoid hemorrhage during sexual activity: a case report. American Journal of Forensic Medicine & 

Pathology. 33 (1) 90-2. 
Prasad KS, Dambatta SS, Dervin JE (2009). Intraventricular haemorrhage without subarachnoid 

haemorrhage due to a ruptured aneurysm. BMJ Case Reports. 11 1184.  

Qureshi AI, Suri MF, Sung GY, Straw RN, Yahia AM, Saad M, Guterman LR, Hopkins LN(2002). 
Prognostic significance of hypernatremia and hyponatremia among patients with aneurysmal 

subarachnoid hemorrhage. Neurosurgery. 50 (4) 749-56. 

Qureshi AI, Suri MF, Yahia AM, Suarez JI, Guterman LR, Hopkins LN, Tamargo RJ(2001).Risk 
factors for subarachnoid hemorrhage. Neurosurgery. 49 (3) 607-13. 

Ransom ER, Mocco J, Komotar RJ, Sahni D, Chang J, Hahn DK, Kim GH, Schmidt JM, Sciacca 

RR, Mayer SA, Connolly ES(2007). External ventricular drainage response in poor grade aneurysmal 

subarachnoid hemorrhage: effect on preoperative grading and prognosis. Neurocritical Care. 6 (3) 174-
80. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm 

2012 Vol. 2 (3) September - December, pp. 257-271/Sardana et al. 

Review Article 

270 
 

Raper DM, Starke RM, Komotar RJ, Allan R, Connolly ES Jr (2012). Seizures after Aneurysmal 

Subarachnoid Hemorrhage: A Systematic Review of Outcomes. World Neurosurg.53(12) 7855-61. 

Regli L, Nater B, Regli F, de Tribolet N (1997). Sentinel headache: a premonitory symptom too often 
unrecognized in intracranial ruptured aneurysm. Schweiz Med Wochenschr. 127 (16) 668-74. 

Reynolds MR, Willie JT, Zipfel GJ, Dacey RG(2011). Sexual intercourse and cerebral aneurysmal 

rupture: potential mechanisms and precipitants. Journal of Neurosurgery. 114 (4) 969-77. 
Rinne J, Hernesniemi J, Niskanen M, Vapalahti M (1996). Analysis of 561 patients with 690 middle 

cerebral artery aneurysms: anatomic and clinical features as correlated to management outcome.  

Neurosurgery. 38 (1) 2-11. 

Ronkainen A, Hernesniemi J, Tromp G (1995). Special features of familial intracranial aneurysms: 
report of 215 familial aneurysms. Neurosurgery 37 (1) 43-7. 

Sahs A, Perret GE, Locksley HB, Nishioka H (1969). Intracranial aneurysms and Subarachnoid 

hemorrhage. Philadelphia: JB Lippincott. 
Schievink WI, Karemaker JM, Hageman LM, van der Werf DJ (1989).Circumstances surrounding 

aneurysmal subarachnoid hemorrhage. Surgical Neurology. 32 (4) 266-72. 

Schievink WI, Prakash UB, Piepgras DG, Mokri B (1994). Alpha 1-antitrypsin deficiency in 
intracranial aneurysms and cervical artery dissection. Lancet. 343 (8895) 452-53. 

Schievink WI (1997). Intracranial aneurysms. New England Journal of Medicine. 336 (1) 28-40. 

Schmid-Elsaesser R, Kunz M, Zausinger S, Prueckner S, Briegel J, Steiger HJ (2006). Intravenous 

magnesium versus nimodipine in the treatment of patients with aneurysmal subarachnoid hemorrhage: a 
randomized study. Neurosurgery. 58 (6) 1054-65. 

Seiler RW, Grolimund P, Zurbruegg HR (1987). Evaluation of the calcium-antagonist nimodipine for 

the prevention of vasospasm after aneurysmal subarachnoid haemorrhage. A prospective transcranial 
Doppler ultrasound study. Acta Neurochirurgica. 85 (1) 7-16. 

Shiue I, Arima H, Hankey GJ, Anderson CS; ACROSS Group (2012).Modifiable lifestyle behaviours 

account for most cases of subarachnoid haemorrhage: a population-based case-control study in 

Australasia. Journal of the Neurological Sciences. 313(1) 92-4.  

Starke RM, Kim GH, Fernandez A, Komotar RJ, Hickman ZL, Otten ML, Ducruet AF, Kellner 

CP, Hahn DK, Chwajol M, Mayer SA, Connolly ES Jr (2008). Impact of a protocol for acute 

antifibrinolytic therapy on aneurysm rebleeding after subarachnoid hemorrhage. Stroke 39 (9) 2617-21.  

Stiebel-Kalish H, Kalish Y, Bar-On RH, Setton A, Niimi Y, Berenstein A, Kupersmith MJ (2005). 
Presentation, natural history, and management of carotid cavernous aneurysms. Neurosurgery. 57 (5) 850-

7. 
Stienen MN, Lücke S, Gautschi OP, Harders A (2012). Terson haemorrhage in patients suffering 

aneurysmal subarachnoid haemorrhage: a prospective analysis of 60 consecutive patients. Clinical 

Neurology And Neurosurgery 114 (6) 535-8. 

Suarez JI, Qureshi AI, Yahia AB, Parekh PD, Tamargo RJ, Williams MA, Ulatowski JA, Hanley 
DF, Razumovsky AY (2002). Symptomatic vasospasm diagnosis after subarachnoid hemorrhage: 

evaluation of transcranial Doppler ultrasound and cerebral angiography as related to compromised 

vascular distribution. Critical Care Medicine  30 (6) 1348-55 
Takeuchi H, Handa Y, Kobayashi H, Kawano H, Hayashi M (1991).  Impairment of cerebral 

autoregulation during the development of chronic cerebral vasospasm after subarachnoid hemorrhage in 

primates. Neurosurgery 28 41–48. 
Tandon PN (1988). Subarachnoid hemorrhage in India: An Epidemiological study. ICMR Bulletin 18  

33-8 

Thai QA, Raza SM, Pradilla G, Tamargo RJ (2005). Aneurysmal rupture without subarachnoid 

hemorrhage: case series and literature review. Neurosurgery 57 (2) 225-9. 



International Journal of Basic and Applied Medical Sciences ISSN: 2277-2103 (Online) 

An Online International Journal Available at http://www.cibtech.org/jms.htm 

2012 Vol. 2 (3) September - December, pp. 257-271/Sardana et al. 

Review Article 

271 
 

Tumani H, Petzold A, Wick M, Kühn HJ, Uhr M, Otto M, Regeniter A, Brettschneider J (2010). 
Cerebrospinal fluid-based diagnostics of CT-negative subarachnoid haemorrhage. Nervenarzt 81 (8) 973-

9. 
Uchino A, Aibe H, Tanaka M, Mizushima A, Kondo M, Kuromatsu C (1995). Screening of brain 

lesions using MRI and MRA. Ann Bull Kosei-Nenkin Hospitals. 22 195–203. 

Ukkola V, Heikkinen ER (1990). Epilepsy after operative treatment of ruptured cerebral aneurysms. 
Acta Neurochirurgica 106 (3) 115-8. 

Van der Wee N, Rinkel GJ, Hasan D, van Gijn J (1995). Detection of subarachnoid haemorrhage on 

early CT: is lumbar puncture still needed after a negative scan? Journal of Neurology, Neurosurgery, and 

Psychiatry 58 (3) 357-9. 
Van Gijn J, van Dongen KJ (1982). The time course of aneurysmal haemorrhage on computed 

tomograms. Neuroradiology 23(3) 153-6. 

Van Gijn J, van Dongen KJ (1980).Computed tomography in the diagnosis of subarachnoid 
haemorrhage and ruptured aneurysm. Clinical Neurology Neurosurgery. 82 (1) 11-24. 

Venti M (2012). Subarachnoid and intraventricular hemorrhage. Frontiers of Neurology and 

Neuroscience Series 30 149-53.  
Vermeulen M, Hasan D, Blijenberg BG, Hijdra A, van Gijn J (1989). Xanthochromia after 

subarachnoid haemorrhage needs no revisitation. Journal of Neurology, Neurosurgery, and Psychiatry 52 

(7) 826-8. 

Weir B, Aronyk K (1982). Management and postoperative mortality related to time of clipping for 
supratentorial aneurysms. A personal series. Acta Neurochirugica. 63 135-9 

Willinsky RA, Taylor SM, TerBrugge K, Farb RI, Tomlinson G, Montanera W (2003). Neurologic 

complications of cerebral angiography: prospective analysis of 2,899 procedures and review of the 
literature.  Radiology. 227 (2) 522-8.  

Winn HR, Taylor R, Kaiser D L (1983). Prevelance of asymptomatic incidental aneurysms: review of 

568 angiograms. Stroke .14  121 

Xu HW, Yu SQ, Mei CL, Li MH (2011). Screening for intracranial aneurysm in 355 patients with 
autosomal-dominant polycystic kidney disease. Stroke. 42 (1) 204-6.  

Yasargil MG (1984) .Pathological consideration. In Microneurosurgery, vol. l. Stuttgart: Georg Thieme, 

279-349 
Yundt KD, Grubb RL Jr., Diringer MN, Powers WJ (1998). Autoregulatory vasodilation of 

parenchymal vessels is impaired during cerebral vasospasm. Journal of Cerebral Blood Flow & 

Metabolism.18 419–424. 

Zacharia BE, Hickman ZL, Grobelny BT, DeRosa P, Kotchetkov I, Ducruet AF, Connolly ES Jr 

(2010). Epidemiology of aneurysmal subarachnoid hemorrhage. Neurosurgery Clinics of North America. 

21(2) 221-33. 

 
 

 

 

 

 


