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SAH: What matters?
1. Rapidly identify patients with aneurysmal SAH 

and secure their aneurysm(s) quicklyand secure their aneurysm(s) quickly
2. Lower MAP before securing the aneurysm but 

not afterwardsnot afterwards
3. Detect and manage early complications

a Stress cardiomyopathya. Stress cardiomyopathy
b. Neurogenic pulmonary edema
c Cerebral salt wastingc. Cerebral salt wasting



SAH: what matters?
4. Detect vasospasm early 

a Clinicala. Clinical
b. Electrophysiologic 
c. Sonographic
d. Radiologic

5. Manage clinical vasospasm aggressively
a Augment pressure and flowa. Augment pressure and flow
b. Angioplasty and IA vasodilators

6. Treat at a high‐volume centerg







Complications of aneurysmal SAH

• rebleeding • seizures
• cerebral 

vasospasm
• cardiovascular 

complications
• volume 

disturbances

co p ca o s
• CNS infections

other complications• osmolar
disturbances

• other complications 
of critical illness



Critical care issues: rebleeding
• Unsecured aneurysms:

– 9% – 17% rebleed on day 0, then
– 1.5%/day for next 13 days [ up to 36% for 2 weeks]

• Antifibrinolytic therapy (e.g., aminocaproic acid)
– may be useful between presentation and early surgery

• Blood pressure management
l b t l l h d l i i di i– labetalol, hydralazine, nicardipine

• Analgesia
Mi i l d ti t ll i ti• Minimal or no sedation to allow examination

















































Radiographic diagnosis of vasospasm

• Only half of patients with angiographic vasospasm have 
li i l fi di l t d t th t i i l dclinical findings related to the arteries involved

• DSA is currently the standard method
– Good definition of large and medium vesselsGood definition of large and medium vessels
– Allows angioplasty and intra-arterial therapy

• CTA for the diagnosis of vasospasm is increasing in use
Di t l b diffi lt t d t t b CTA– Distal spasm may be more difficult to detect by CTA

• What about ‘microvasospasm?’



Critical care issues: vasospasm and 
d l d i h i ddelayed ischemic damage

• Prophylaxis• Prophylaxis
– clot removal

volume repletion– volume repletion
• prophylactic volume expansion not useful

nimodipine 60 mg q4h x 14 days– nimodipine 60 mg q4h x 14 days
• relative risk of stroke reduced 0.69 (0.58-0.84)

– Probably neuroprotection rather than a vascular y p
effect

• nicardipine 0.075 mg/kg/hr is probably equivalent























Can we prevent delayed neurologic 
d t i ti ft SAH?deterioration after SAH?

• Systemic nimodipine is associated with a substantialSystemic nimodipine is associated with a substantial 
reduction in disability, although not a change in vascular 
caliber

The mechanism(s) involved remain uncertain– The mechanism(s) involved remain uncertain
– Intraventricular nimodipine under study

• Avoiding volume depletion probably helpsg p p y p
• Nitrites as (nitric oxide donors?) might work
• Interfering with spreading depolarization might work
• Don’t stop statins, but don’t start them either.



Critical care issues: vasospasm and 
d l d i h i ddelayed ischemic damage

• Managementa age e t
– volume expansion

• rarely achieved
– induced hypertensioninduced hypertension
– cardiac output augmentation

• dopamine or dobutamine or milrinone
• intra-aortic balloon pumpintra aortic balloon pump

– angioplasty
– verapamil or nicardipine (no longer use 

papaverine)p p )
– intrathecal or intraventricular NO donors
– magnesium?















Cerebral salt wasting: 
th h i lpathophysiology

• volume depletion puts SAH patients at risk 
for stroke from vasospasmfor stroke from vasospasm
– Wijdicks et al (1985) showed that volume 

restriction (as one would do for patients withrestriction (as one would do for patients with 
SIADH) doubled the rates of stroke and death 
attributable to vasospasmattributable to vasospasm







Cerebral salt wasting:Cerebral salt wasting: 
managementmanagement

• replete plasma volume• replete plasma volume
– signs of volume depletion masked by high 

t h l i t tcatecholamine state
– volume restriction (as for SIADH) 

contraindicated



Cerebral salt wasting: managementg g
• prevent or treat the hypotonic state with 

additional sodiumadditional sodium
– furosemide/saline rarely adequate
– often requires hypertonic saliney

• measure urine osmolality
• administer fluid of higher osmolality

– 1.8% saline = 616 mOsm/L
– 3% saline = 1027 mOsm/L

• 5% albumin may be beneficial
RCCT by Mayer et al N 1998 42 759 67– RCCT by Mayer et al  Neurosurgery 1998;42:759-67



Critical care issues: 
i l dneurogenic pulmonary edema

• Symptomatic pulmonary edema occurs in about• Symptomatic pulmonary edema occurs in about 
20% of SAH patients
– detectable oxygenation abnormalities occur in 80%detectable oxygenation abnormalities occur in 80%

• Potential mechanisms:
– hypersympathetic statehypersympathetic state
– cardiogenic pulmonary edema
– neurogenic pulmonary edemaneurogenic pulmonary edema

• Management

















Seizures in SAH patientsp
• about 6% of patients suffer a seizure 

t th ti f th h hat the time of the hemorrhage
– distinction between a convulsion and decerebrate

posturing may be difficultposturing may be difficult
• postoperative seizures occur in about 

1.5% of patients despite 5% o pat e ts desp te
anticonvulsant prophylaxis 

• remember to consider other causes of 
seizures (e.g., alcohol withdrawal)



Seizures in SAH patientsp
• patients developing delayed ischemia may p p g y y

seize following reperfusion by angioplasty
• late seizures occur in about 3% of patients• late seizures occur in about 3% of patients 





Critical care issues: hydrocephalusy p
• Diagnosis

– clinical
– radiologicg

• Management
ventriculostomy– ventriculostomy

• infection reduction
shunting– shunting

















SAH prognosisp g
• Sudden death prior to medical attention in about 

20%20%
• Of the remainder, with early surgery

58% regained premorbid level of function– 58% regained premorbid level of function
• as high as 67% in some centers

– 9% moderately disabled9% moderately disabled
– 2% vegetative
– 26% dead
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