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

high disability and remarkable incidence in the young. 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. 

The clinical presentation of a subarachnoid hemorrhage can be extremely variable ranging from nearly asymptomaticity to 

sudden death. 

Neuroimaging represent the first level instrumental investigation. In case of clinical suspect of SAH and negative 

neuroimaging, cerebrospinal fluid (CSF) examination is required. Following the diagnosis of SAH, determining cause and 

localization of bleeding is mandatory; digital catheter angiography is the gold standard. 

Rebleeding is the most frequent and severe complication of SAH. The aneurysm exclusion is the most effective treatment 

for preventing rebleeding. Endovascular occlusion of the aneurysm with coils has been shown to be associated with better 

short- and long-term outcomes than surgical clipping in select patients. 
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INTRODUCTION 

 Subarachnoid hemorrhage (SAH) is a neurologic 
emergency due to blood extravasation in the space 
delimitated from pia madre to arachnoid (Fig. 1). Even if it 
accounts for 5% of all strokes the burden of SAH is relevant 
due to high mortality, high disability and remarkable 
incidence in the young. Early diagnosis and early treatment 
are essential for preventing disability. 
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EPIDEMIOLOGY AND PATHOPHYSIOLOGY 

 The incidence of subarachnoid hemorrhage is about 6-7 
cases out of 100,000 per year; it tends to increase with age 
but half of the patients are younger than 55; it prevails in 
female gender with a ratio of 1.6 compared to male. 
Mortality rate is about 50%; most deaths occur within 2 
weeks; 10% of patients die before reaching the hospital [1, 
2]. 

 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 

 

Fig. (1). Subarachnoid hemorrhage (a) and massive subarachnoid hemorrhage with ventricular invasion (b). 
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lesions of cerebral artery, coagulopathy, neoplasms or drug 
abuse (Table 1). 

Table 1. Causes of Subarachnoid Hemorrhage 

 

- Aneurysmal subarachnoid hemorrhage 

- Non aneurysmal perimesencephalyc subarachnoid hemorrhage 

- Other medical conditions: 

Inflammatory lesions of cerebral arteries 

- Mycotic aneurysms 

- Borreliosis 

- Behçet’s disease 

- Primary angiitis 

- Polyarteritis nodosa 

- Churg-Strauss syndrome 

- Wegener’s granulomatosis 

Non-inflammatory lesions of intracerebral vessels 

- Arterial dissection 

- Cerebral arteriovenous malformations 

- Cerebral dural arteriovenous fistulae 

- Cerebral venous thrombosis 

Vascular lesions in the spinal cord 

- Saccular aneurysm of spinal artery 

- Spinal arteriovenous fistula or malformation 

- Cavernous angioma at spinal level 

Coagulopathies 

Tumours 

Drugs 

- Anticoagulant drugs 

- Cocaine 

 Cerebral aneurysms are present in 2-3% of population 

[3]. They are mostly located at the bifurcation of Willis 

polygon vessels or their branches (Fig. 2). The risk of 

rupture is quite low, estimated at about 0.05% per year, but it 

can increase when diameter > 10 mm or if located at cerebral 

posterior circulation [4]. An international study has reported 

that the cumulative risk of rupture at 5 years is zero for 

aneurisms smaller than 7 mm, 2.6% for dimensions between 

7 and 12 mm, 14.5% for dimensions between 13 and 24 mm 

and 40% for aneurysms greater than 25 mm. Those rates 

increase respectively at 2.5%, 14.5%, 18.4% and 50% for 

aneurisms located at posterior circulation [5]. 
 Modifiable risk factors for aneurysms rupture include 
arterial hypertension, smoking, alcohol abuse and cocaine 
use. Genetic factors are determinants as demonstrated by the 
increased risk in first degree relatives. Connective hereditary 
diseases such as polycystic kidney, Ehlers Danlos (Type IV) 
syndrome, pseudoxantoma elasticum and fibromuscular 
dysplasia are conditions associated with intracranial 
aneurisms and SAH [6]. 

 Perimesencephalic non-aneurysmal subarachnoid hemor-
rhage is characterized by blood extravasation into the 
cisterns around the midbrain, pons or at the level of 
quadrigemina cistern, without reaching the Sylvian fissure or 
interhemispheric fissure or ventricular system. Perimesence-
phalic SAH is usually not due to aneurysmal malformation 
and is associated with good outcome. The normality of 
angiographic findings supports the venous origin of the 
bleeding due to the rupture of a prepontine or interpedun-
cular vein. In these patients the perimesencephalic veins 
frequently drain directly into the dural sinuses instead of into 
the Galen Vein, predisposing to venous congestion [7]. 

CLINICAL FEATURES 

 The clinical presentation of a subarachnoid hemorrhage 
can be extremely variable ranging from nearly asymptomati-
city to sudden death. This is believed to be responsible for a 
12% of misdiagnosis with potentially severe consequences in 
the late treated cases [8]. 

 Headache is the most common symptom and is the only 
symptom in one third of patients. Mainly it is located in the 
occipital-nuchal region and is of severe intensity, described 
often as the most intense ever experienced, typically with 
sudden onset. The rapidity in reaching the maximum 
intensity, within few seconds, is more indicative than the 
intensity itself. Nausea, vomiting and photophobia can be 
present but they are not specific as they are frequently 
associated with primary headaches or other secondary 

 

Fig. (2). Saccular aneurysm of the anterior communicating artery (a) and saccular aneurysm of the basilar artery (b). 
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headaches. Seventy five percent of patients with thunderclap 
headache have a subarachnoid hemorrhage [9]. 

 Two thirds of patients on admission present a decreased 
level of consciousness; half of them are in coma. Confusion 
and agitation can be present [10]. 

 Nuchal rigidity, the increased resistance to the passive 
flexion/extension of the neck, is a clinical sign of meningeal 
irritation due to the blood extravasation in the 
subarachnoidal space. Other signs of meningeal irritation 
include a positive Lasegue sign or Kernig and Brudziski 
signs. Meningeal signs can take from 3 to 12 hours to 
develop and can be completely absent in the case of coma or 
minimal blood extravasation. Thus, the absence of neck 
stiffness can not exclude the diagnosis of subarachnoid 
hemorrhage [11]. 

 Seizures can be present in 7% of all patients. Young age 
(< 40 y), entity of the bleeding, presence of hydrocephalus 
and early rebleeding are the main risk factors for early 
seizures while vasospasms with cortical ischemia, 
intraparenchymal bleeding and neurosurgery instead of 
endovascular treatment are risk factors for late onset seizures 
[12]. 

 About 14% of patients can present intraocular 
hemorrhage: the sudden increase in intracranial pressure can 
lead to a central retinal vein occlusion with subsequent pre-
retinal (subhyaloidal) blood extravasation. In the case of 
severe bleeding an emovitreous can occur (Terson 
Syndrome) [13]. 

 Focal neurological deficits are not typical findings in the 
acute phase of subaracnhoid hemorrhage but they may occur 
in case of intraparenchymal extension of bleeding, 
compression of cranial nerves or ischemic lesions due to 
early vasospasm [14]. 

 Cardiovascular changes, mainly hypertension and 
tachycardia due to the adrenergic tone, can be present in the 
acute phase; a sudden cardiac arrest can occur at the onset in 
3% of cases [15]. 

DIAGNOSTIC STUDIES 

 Brain computed tomography (CT) scan is the first level 
instrumental investigation if a SAH is suspected. This 
examination can show the hyperdensity of the extravased 
blood in the subarachnoidal space with a sensitivity 
depending on the amount of bleeding and the interval after 
symptom onset. CT scan will be positive in 97% of the cases 
if carried out within 12 hours; this percentage decreases to 
93% at 24 hours and is 50% one week after symptom onset 
[16]. Moreover, CT scan can evidence intaparenchymal or 
intraventricular extension of bleeding, hydrocephalus, 
cerebral oedema or ischemic lesions due to vasospasm [17]. 

 Magnetic resonance imaging (MRI) with proton density, 
FLAIR and gradient echo images, is as sensitive as CT in the 
acute phase whilst it becomes more sensitive than CT after 
the initial days [18]. MRI can permit a preliminary cerebral 
blood vessel evaluation without contrast medium with 
magnetic resonance angiography (MRA) whereas with 
diffusion images it allows for the detection of ischemic 
lesions. In contrast MRI takes longer to acquire images and 

needs patient collaboration; this limits a widespread 
application in the acute phase. 

 In case of clinical suspect of SAH and negative 
neuroimaging, cerebrospinal fluid (CSF) examination is 
required. In the past, the three tube test was performed with 
the aim of evidencing blood in the CSF and ruling out that 
the same blood could be the consequence of a traumatic 
lumbar puncture. But this test can no longer be considered 
adequately sensitive and specific. The most informative CSF 
test is obtained 6-12 hours after symptom onset and should 
be focused on the presence of bilirubin, haemoglobin 
catabolite, that provides CSF with the characteristic 
xanthochromia. Spectrophotometry can allow for a more 
sensitive determination [19]. 

 Following the diagnosis of SAH, determining cause and 
localization of bleeding is mandatory. The pattern of blood 
extravasation can suggest the site of aneurysm rupture 
particularly for aneurysms of the anterior communicating 
artery, which have bleeding in the interhemispheric fissure 
or aneurysms of the middle cerebral artery, which have 
bleeding in the Sylvian fissure; while the posterior 
circulation aneurysms have no common pattern. 

 Isolated extravased blood on the anterior part of the 
brainstem permits the diagnosis of perimesencephalic SAH 
with a more favourable outcome even if in the 5% of cases a 
vertebrobasilar aneurysm can be present. 

 CT angiography has a 95% sensitivity to detect ruptured 
aneurisms [20]. Magnetic resonance angiography (MRA) 
reproduces the same results but, as it requires patient 
collaboration, it is not suitable for critical patients [18]. 

 Digital catheter angiography is the gold standard. 
Furthermore, it can give information about the 
morphological features of the aneurysms and its relations 
with other arteries thereby permitting a better treatment 
planning. The angiographic study must be extended to all the 
cerebral arteries as in the 15% of cases multiple intracranial 
aneurysms can be present. In 1-2% of cases angiography can 
be complicated by aneurism rupture and in 1.8% of cases by 
neurological complication with possible permanent sequelae 
[21]. 

CLINICAL COMPLICATIONS 

 Rebleeding is the most frequent and severe complication 
of SAH. It can occur in the first 24 hours in about 15% of 
patients with a cumulative risk of 40% in the first month and 
an incidence of 3% per year after six months. Rebleeding is 
associated with a poor outcome: mortality and disability can 
reach 80% [22]. 

 Cerebral ischemic lesions can occur in the acute phase as 
a consequence of the sudden increase in intracranial pressure 
with the secondary decrease in cerebral perfusion pressure. 
More frequently ischemic complications develop later, with 
a peak between 4 and 14 days from symptom onset, due to 
vasospasm. Usually, the focal neurological deficits show a 
less acute onset with respect to atherothrombotic or 
cardioembolic ischemic stroke and frequently more arterial 
territories are involved [23]. 

 The presence of blood in the ventricular system can cause 
alterations in CSF circulation leading to an acute 
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hydrocephalus. The clinical presentation is usually 
represented by a progressive decrease in consciousness with 
possible associated focal neurological deficits [24]. 

 Cardiovascular complications are represented by drug 
resistant hyper- or hypotension, arrhythmias or heart failure. 
Other possible complications are hydro-electrolyte disorders 
with hypo- or hypernatremia and hypomagnesemia; 
hyperglycemia and fever can occur [25]. 

 Long term complications are mainly represented by 
cognitive deficit and psychosocial dysfunction. Cognitive 
domains in which patients with a SAH show frequent 
impairment include memory, executive function, and 
language; the prevalence is ranging from 14% to 61%, 
depending on the different standardized tests [26]. Up to 
60% of the patients reported changes in personality, most 
commonly increased irritability or emotionality [27]. 

TREATMENT 

 Subarachnoid hemorrhage is a clinical emergency with 
high mortality from onset. First of all, the stability of 
respiratory and cardiovascular functions needs to be 
evaluated and treated if required. After the vital functions are 
stabilized the second step is to prevent rebleeding and other 
possible complications that can compromise patient 
prognosis. 

 Hypertension must be treated promptly with endovenous 
anti-hypertensive drugs such as labetalol or urapidil if 
needed. Recommended systolic blood pressure values are 
between 140 and 90 mmHg [28]; after the exclusion of the 
aneurysm the blood pressure treatment can be less intensive. 
Considering the risk of hypoperfusion, hypotension should 
be avoided even if definite target values are not established. 

 Headache could require medical treatment. Non-steroidal 
anti-inflammatory drugs (NSAID) should be avoided as they 
increase rebleeding risk and opioids should be avoided as 
they can interfere with the level of consciousness. First 
choice drug is paracetamol per os or intravenous. 
Hyperpyrexia should be treated (recommended body 

temperature  37.2°C) and hyperglycemia should be 
corrected (recommended blood glucose level 80-120 mg/dl) 
as they are predictive of poor outcome [28]. Proton pump 
inhibitors are indicated to prevent stress peptic ulcers. Deep 
vein thrombosis prophylaxis with low molecular weight 
heparin can be used after the treatment of the aneurysm. 

 Nimodipine 60 mg orally every 4 hours for 21 days can 
reduce the risk of delayed cerebral ischemia due to 
vasospasm. A Cochrane revision has reported a relative risk 
reduction of 18% with an absolute risk reduction of 5.1% 
[29]. 

 Magnesium sulphate has been studied in vasospasm 
prevention given that hypomagnesemia is present in the 50% 
of patients with SAH and is significantly associated with 
delayed cerebral ischemia. A phase II study has produced 
positive results but the phase III trial results do not support a 
clinical benefit of intravenous magnesium sulfate infusion 
over placebo in patients with acute aneurysmal subarachnoid 
hemorrhage [30, 31]. 

 Antifibrinolytic agents can reduce the rate of rebleeding 
even if they increase the risk of cerebral ischemia or 
systemic thrombosis. Tranexanic acid reduces the rebleeding 
rate from 11 to 2.4% but this benefit is offset by ischemic 
complications [32]. 

 The aneurysm exclusion is the most effective treatment 
for preventing rebleeding. Over the last decades, 
endovascular coiling has become the first choice treatment 
with respect to the neurosurgical clipping. Endovascular 
coiling consists in reaching the neck of the aneurysm with a 
superselective catheterism and compacting platinum 
detachable coils of adequate lengths and diameter into the 
aneurysm sac (Fig. 3). After that, the blood clots forming 
around the coils block the flow of blood into the bulge and 
keep the vessel from rupturing or leaking. 

 Randomized clinical trials including 2,272 patients have 
compared endovascular treatment versus traditional 
neurosurgery. Endovascular coiling has shown a 24% 

 

Fig. (3). Aneurysm embolization with platinum coils (a) and final control (b). 



60    The Open Critical Care Medicine Journal, 2011, Volume 4 Venti et al. 

relative risk reduction in unfavourable outcome with an 
absolute risk reduction of 7% [33,34]. Nevertheless, this 
technique is not suitable for all aneurysms: wide neck and 
close relations with vessel branches require a neurosurgical 
approach. Regarding the timing of procedure, while in the 
past it was chosen to avoid the period in which vasospasm 
has its greatest risk – from the 4

th
 to the 15

th
 day – 

considering also a delayed treatment, evidence suggests that 
an early treatment best prevents rebleeding [28]. 

 In conclusion, the subarachnoid hemorrhage must be 
considered a clinical emergency even in the presence of mild 
symptoms. A complete diagnostic process is highly 
recommended even in the presence of weak clinical features. 
An urgent execution of medical and interventional treatment 
reduces mortality and disability. 
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