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salt-wasting syndrome.” Typically, it clears over the course of 1–2 
weeks and, in the setting of SAH, should not be treated with free-
water restriction as this may increase the risk of stroke (see below).

Laboratory Evaluation and Imaging  (Fig. 330-7) The hallmark of aneu-
rysmal rupture is blood in the CSF. More than 95% of cases have 
enough blood to be visualized on a high-quality noncontrast CT scan 
obtained within 72 h. If the scan fails to establish the diagnosis of SAH 
and no mass lesion or obstructive hydrocephalus is found, a lumbar 
puncture should be performed to establish the presence of subarach-
noid blood. Lysis of the red blood cells and subsequent conversion of 
hemoglobin to bilirubin stains the spinal fluid yellow within 6–12 h. 
This xanthochromic spinal fluid peaks in intensity at 48 h and lasts for 
1–4 weeks, depending on the amount of subarachnoid blood.

The extent and location of subarachnoid blood on a noncontrast 
CT scan help locate the underlying aneurysm, identify the cause of any 
neurologic deficit, and predict delayed vasospasm. A high incidence of 
symptomatic vasospasm in the MCA and ACA has been found when 
early CT scans show subarachnoid clots >5 × 3 mm in the basal cis-
terns, or layers of blood >1 mm thick in the cerebral fissures. CT scans 
less reliably predict vasospasm in the vertebral, basilar, or posterior 
cerebral arteries.

Lumbar puncture prior to an imaging procedure is indicated only 
if a CT scan is not available at the time of the suspected SAH. Once 
the diagnosis of hemorrhage from a ruptured saccular aneurysm is 
suspected, four-vessel conventional x-ray angiography (both carot-
ids and both vertebrals) is generally performed to localize and define 
the anatomic details of the aneurysm and to determine if other 

unruptured aneurysms exist (Fig. 330-7C). At some centers, the 
ruptured aneurysm can be treated using endovascular techniques at 
the time of the initial angiogram as a way to expedite treatment and 
minimize the number of invasive procedures. CT angiography is an 
alternative method for locating the aneurysm and may be sufficient 
to plan definitive therapy.

Close monitoring (daily or twice daily) of electrolytes is important 
because hyponatremia can occur precipitously during the first 2 weeks 
following SAH (see above).

The electrocardiogram (ECG) frequently shows ST-segment and 
T-wave changes similar to those associated with cardiac ischemia. 
A prolonged QRS complex, increased QT interval, and prominent 
“peaked” or deeply inverted symmetric T waves are usually second-
ary to the intracranial hemorrhage. There is evidence that structural 
myocardial lesions produced by circulating catecholamines and exces-
sive discharge of sympathetic neurons may occur after SAH, causing 
these ECG changes and a reversible cardiomyopathy sufficient to cause 
shock or congestive heart failure. Echocardiography reveals a pattern 
of regional wall motion abnormalities that follow the distribution of 
sympathetic nerves rather than the major coronary arteries, with rela-
tive sparing of the ventricular wall apex. The sympathetic nerves them-
selves appear to be injured by direct toxicity from the excessive cat-
echolamine release. An asymptomatic troponin elevation is common. 
Serious ventricular dysrhythmias occurring in-hospital are unusual.

TREATMENT	 Subarachnoid Hemorrhage
Early aneurysm repair prevents rerupture and allows the safe appli-
cation of techniques to improve blood flow (e.g., induced hyperten-
sion) should symptomatic vasospasm develop. An aneurysm can 
be “clipped” by a neurosurgeon or “coiled” by an endovascular 
surgeon. Surgical repair involves placing a metal clip across the 
aneurysm neck, thereby immediately eliminating the risk of rebleed-
ing. This approach requires craniotomy and brain retraction, which 
is associated with neurologic morbidity. Endovascular techniques 
involve placing platinum coils, or other embolic material, within the 
aneurysm via a catheter that is passed from the femoral artery. The 
aneurysm is packed tightly to enhance thrombosis and over time 
is walled off from the circulation (Fig. 330-7D). There have been 
two prospective randomized trials of surgery versus endovascular 
treatment for ruptured aneurysms: the first was the International 
Subarachnoid Aneurysm Trial (ISAT), which was terminated early 
when 24% of patients treated with endovascular therapy were dead 
or dependent at 1 year compared to 31% treated with surgery, a sig-
nificant 23% relative reduction. After 5 years, risk of death was lower 
in the coiling group, although the proportion of survivors who were 
independent was the same in both groups. Risk of rebleeding was 
low, but more common in the coiling group. These results favoring 
coiling at 1 year were confirmed in a second trial, although the dif-
ferences in functional outcome were no longer significant at 3 years. 
Because some aneurysms have a morphology that is not amenable 
to endovascular treatment, surgery remains an important treatment 
option. Centers that combine both endovascular and neurosurgical 
expertise likely offer the best outcomes for patients, and there are 
reliable data showing that specialized aneurysm treatment centers 
can improve mortality rates.

The medical management of SAH focuses on protecting the 
airway, managing blood pressure before and after aneurysm treat-
ment, preventing rebleeding prior to treatment, managing vaso-
spasm, treating hydrocephalus, treating hyponatremia, limiting 
secondary brain insults, and preventing pulmonary embolus (PE).

Intracranial hypertension following aneurysmal rupture occurs 
secondary to subarachnoid blood, parenchymal hematoma, acute 
hydrocephalus, or loss of vascular autoregulation. Patients who are 
stuporous should undergo emergent ventriculostomy to measure 
ICP and to treat high ICP in order to prevent cerebral ischemia. 
Medical therapies designed to combat raised ICP (e.g., osmotic 
therapy and sedation) can also be used as needed. High ICP refrac-
tory to treatment is a poor prognostic sign.
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Figure 330-7  Subarachnoid hemorrhage. A. Computed tomogra-
phy (CT) angiography revealing an aneurysm of the left superior cer-
ebellar artery. B. Noncontrast CT scan at the level of the third ventricle 
revealing subarachnoid blood (bright) in the left sylvian fissure and 
within the left lateral ventricle. C. Conventional anteroposterior x-ray 
angiogram of the right vertebral and basilar artery showing the large 
aneurysm. D. Conventional angiogram following coil embolization 
of the aneurysm, whereby the aneurysm body is filled with platinum 
coils delivered through a microcatheter navigated from the femoral 
artery into the aneurysm neck.
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