should be sought and repaired prior to rupture or left to heal spontaneously with antibiotic treatment is controversial.
Pathophysiology Saccular aneurysms occur at the bifurcations of
the large- to medium-sized intracranial arteries; rupture is into the
subarachnoid space in the basal cisterns and often into the parenchyma of the adjacent brain. Approximately 85% of aneurysms occur
in the anterior circulation, mostly on the circle of Willis. About 20%
of patients have multiple aneurysms, many at mirror sites bilaterally. As an aneurysm develops, it typically forms a neck with a dome.
The length of the neck and the size of the dome vary greatly and are
important factors in planning neurosurgical obliteration or endovascular embolization. The arterial internal elastic lamina disappears at
the base of the neck. The media thins, and connective tissue replaces
smooth-muscle cells. At the site of rupture (most often the dome), the
wall thins, and the tear that allows bleeding is often ≤0.5 mm long.
Aneurysm size and site are important in predicting risk of rupture.
Those >7 mm in diameter and those at the top of the basilar artery
and at the origin of the posterior communicating artery are at greater
risk of rupture.
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World Federation of
Neurosurgical Societies
Grade Hunt-Hess Scale
(WFNS) Scale
1
Mild headache, normal mental status, no GCSa score 15, no motor
cranial nerve or motor findings
deficits
2
Severe headache, normal mental status, GCS score 13–14, no
may have cranial nerve deficit
motor deficits
3
Somnolent, confused, may have cranial
GCS score 13–14, with
nerve or mild motor deficit
motor deficits
4
Stupor, moderate to severe motor deficit, GCS score 7–12, with or
may have intermittent reflex posturing
without motor deficits
5
Coma, reflex posturing or flaccid
GCS score 3–6, with or
without motor deficits
Glasgow Coma Scale; see Table 457e-1.

a

Delayed Neurologic Deficits There are four major causes of delayed neurologic deficits: rerupture, hydrocephalus, vasospasm, and hyponatremia.
1. Rerupture. The incidence of rerupture of an untreated aneurysm in
the first month following SAH is ~30%, with the peak in the first
7 days. Rerupture is associated with a 60% mortality rate and poor
outcome. Early treatment eliminates this risk.
2. Hydrocephalus. Acute hydrocephalus can cause stupor and coma
and can be mitigated by placement of an external ventricular drain.
More often, subacute hydrocephalus may develop over a few days
or weeks and causes progressive drowsiness or slowed mentation
(abulia) with incontinence. Hydrocephalus is differentiated from
cerebral vasospasm with a CT scan, CT angiogram, transcranial
Doppler (TCD) ultrasound, or conventional x-ray angiography.
Hydrocephalus may clear spontaneously or require temporary
ventricular drainage. Chronic hydrocephalus may develop weeks
to months after SAH and manifest as gait difficulty, incontinence,
or impaired mentation. Subtle signs may be a lack of initiative in
conversation or a failure to recover independence.
3. Vasospasm. Narrowing of the arteries at the base of the brain following SAH causes symptomatic ischemia and infarction in ~30%
of patients and is the major cause of delayed morbidity and death.
Signs of ischemia appear 4–14 days after the hemorrhage, most
often at 7 days. The severity and distribution of vasospasm determine whether infarction will occur.
4. Delayed vasospasm is believed to result from direct effects of clotted blood and its breakdown products on the arteries within the
subarachnoid space. In general, the more blood that surrounds the
arteries, the greater the chance of symptomatic vasospasm. Spasm
of major arteries produces symptoms referable to the appropriate
vascular territory (Chap. 446). All of these focal symptoms may
present abruptly, fluctuate, or develop over a few days. In most
cases, focal spasm is preceded by a decline in mental status.
5. Vasospasm can be detected reliably with conventional x-ray angiography, but this invasive procedure is expensive and carries the
risk of stroke and other complications. TCD ultrasound is based
on the principle that the velocity of blood flow within an artery
will rise as the lumen diameter is narrowed. By directing the probe
along the MCA and proximal anterior cerebral artery (ACA),
carotid terminus, and vertebral and basilar arteries on a daily or
every-other-day basis, vasospasm can be reliably detected and
treatments initiated to prevent cerebral ischemia (see below). CT
angiography is another method that can detect vasospasm.
6. Severe cerebral edema in patients with infarction from vasospasm
may increase the ICP enough to reduce cerebral perfusion pressure.
Treatment may include mannitol, hyperventilation, and hemicraniectomy; moderate hypothermia may have a role as well.
7. Hyponatremia. Hyponatremia may be profound and can develop
quickly in the first 2 weeks following SAH. There is both natriuresis and volume depletion with SAH, so that patients become both
hyponatremic and hypovolemic. Both atrial natriuretic peptide and
brain natriuretic peptide have a role in producing this “cerebral
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Clinical Manifestations Most unruptured intracranial aneurysms are
completely asymptomatic. Symptoms are usually due to rupture and
resultant SAH, although some unruptured aneurysms present with
mass effect on cranial nerves or brain parenchyma. At the moment of
aneurysmal rupture with major SAH, the ICP suddenly rises. This may
account for the sudden transient loss of consciousness that occurs in
nearly half of patients. Sudden loss of consciousness may be preceded
by a brief moment of excruciating headache, but most patients first
complain of headache upon regaining consciousness. In 10% of cases,
aneurysmal bleeding is severe enough to cause loss of consciousness for several days. In ~45% of cases, severe headache associated
with exertion is the presenting complaint. The patient often calls the
headache “the worst headache of my life”; however, the most important characteristic is sudden onset. Occasionally, these ruptures may
present as headache of only moderate intensity or as a change in the
patient’s usual headache pattern. The headache is usually generalized,
often with neck stiffness, and vomiting is common.
Although sudden headache in the absence of focal neurologic symptoms is the hallmark of aneurysmal rupture, focal neurologic deficits
may occur. Anterior communicating artery or MCA bifurcation aneurysms may rupture into the adjacent brain or subdural space and form
a hematoma large enough to produce mass effect. The deficits that
result can include hemiparesis, aphasia, and abulia.
Occasionally, prodromal symptoms suggest the location of a progressively enlarging unruptured aneurysm. A third cranial nerve palsy,
particularly when associated with pupillary dilation, loss of ipsilateral
(but retained contralateral) light reflex, and focal pain above or behind
the eye, may occur with an expanding aneurysm at the junction of the
posterior communicating artery and the internal carotid artery. A sixth
nerve palsy may indicate an aneurysm in the cavernous sinus, and
visual field defects can occur with an expanding supraclinoid carotid
or anterior cerebral artery aneurysm. Occipital and posterior cervical pain may signal a posterior inferior cerebellar artery or anterior
inferior cerebellar artery aneurysm (Chap. 446). Pain in or behind the
eye and in the low temple can occur with an expanding MCA aneurysm. Thunderclap headache is a variant of migraine that simulates an
SAH. Before concluding that a patient with sudden, severe headache
has thunderclap migraine, a definitive workup for aneurysm or other
intracranial pathology is required.
Aneurysms can undergo small ruptures and leaks of blood into the
subarachnoid space, so-called sentinel bleeds. Sudden unexplained
headache at any location should raise suspicion of SAH and be investigated, because a major hemorrhage may be imminent.
The initial clinical manifestations of SAH can be graded using the
Hunt-Hess or World Federation of Neurosurgical Societies classification schemes (Table 330-3). For ruptured aneurysms, prognosis for
good outcomes falls as the grade increases. For example, it is unusual
for a Hunt-Hess grade 1 patient to die if the aneurysm is treated, but
the mortality rate for grade 4 and 5 patients may be as high as 80%.

1785

Table 330-3 Grading Scales for Subarachnoid Hemorrhage
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