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Objectives

ÅTo understand the common medical 
complications after cerebral aneurysm rupture

ÅTo understand the evidence for current  
treatment of medical complications

ÅTo gain insight into future management 
strategies



Medical complications are common

ÅLife-threatening complications occur in up to 
40% of SAH patients

ÅContributes to 23% of overall mortality

Solenski, et al. Crit Care Med 1995

Cardiac arrhythmia 30%

Pulmonary edema 23%

Hepatic dysfunction 20%

Renal failure 7%



Why does it matter?

ωContributes to 
morbidity and 
mortality

ωComplicates 
management of 
neurological 
complications

ωImpacts quality of 
patient care; 
length of stay and 
cost of care

Figure 1: Outcomes after SAH
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Association with poor outcomes

ωFever, hyperglycemia and 
anemia requiring 
transfusion were most 
associated poor 
neurological outcomes 
(mRS>2)

ωCardiac complications are 
common, but mostly 
benign. 

ωTroponin leak and cardiac 
dysfunction have been 
associated with worse 
outcome



Cardiac complications

ωSympathetic stimulation induces 
catecholamine release in the myocardium 

ωLeads to impaired systolic and diastolic 
function, repolarization abnormalities, and 
myocardial damage

ωDefinite causal relationship with worse 
vasospasm and neurological outcome remains 
unclear

Van del Bilt, et al. Neurology2009







Managing Cardiac Complications

Current

ωMeasurement of 
troponin, continuous 
EKG monitoring, echo

ωPressors to improve 
cardiac output

ωManagement of fluid 
overload, diastolic 
dysfunction

ωEarly endovascular rx 
for vasospasm

Future

ωLarger controlled 
studies to determine if 
cardiac dysfunction is 
an independent risk 
factor for outcomes

ωPotential target for 
therapy is blocking the 
sympathetic response 
to the heart with beta-
blockers



ωGrowing evidence that fever is 
associated with poor neurological 
outcomes

ω25% from non-infectious etiologies

ωSmall studies of safety of 
aggressive fever control

ωSignificant practice variability

Fever Management



Aggressive Fever Management

Current

ωPharmacologic: 
acetaminophen, NSAIDS

ωSurface: ice packs, cooling 
blankets, devices

ωEndovascular: iced saline, 
catheter devices 

ωShivering control remains 
the most common 
challenge

Future

ωNeed for clinical trial to 
determine safety and 
benefit of aggressive fever 
control on outcome

ωImproved protocols for 
shivering and other 
complications of cooling

ωDetermining burden of 
fever as secondary insult, 
duration of treatment



Glucose control

ωHyperglycemia is associated with worse outcomes

ωAggressive treatment of hypoglycemia after SAH generally 
beneficial in subgroup analyses

ωLimited safety data on insulin infusion 

ωMicrodialysis studies showing cerebral hypoglycemia

ωTarget serum glucose <140 mg/dl



Optimal Hgb/Hct?

ωAnemia requiring transfusion 
associated with worse outcome

ωHemodilution advocated for 
vasospasm

ςTarget Hct 30% to optimize O2 delivery 
and blood viscosity

ςNew measures of PbtO2 and 
microdialysis suggest cerebral hypoxia 
at these levels



Anemia Management

Current

ωTransfusion thresholds 
variable 

ωDependent on 
comorbidities, 
symptoms

ωHemodilution typically 
associated with 
hypervolemic therapy 
for vasospasm

Future

ωNeed for clinical trial to 
determine optimal 
Hgb/Hct and benefit on 
outcome

ωErythropoetin 

ωDetermining cerebral 
hypoxemia/ischemia 
using multimodal 
monitoring



Hyponatremia

ωOccurs 1/3 of patients

ωAssociated with 
hypovolemia in cerebral 
salt wasting

ωSIADH less common

ωComplex interplay of 
neurohormonal effects
ςhyperreninemic 

hypoaldosterone syndrome





Audibert, et al. Anesth Analg 2009;108:1922ï8



Aggressive Sodium Management

Current

ωIsotonic IV solutions

ωFree water restriction

ωHypertonic saline 

ωFrequent monitoring of 
electrolytes, renal 
function

Future

ωTargeting natriuresis 
hormones

ςFludrocortisone

ςConivaptan

ωDetermining impact on 
vasospasm and 
outcomes

ωBiomarker studies



Figure 2: Neurologic Complications after SAH
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ωMedical complications are common, and have 
a significant burden on outcomes after SAH

ωMajority of evidence is from observational 
studies; need for clinical trial level data

ωFuture challenge is to incorporate emerging 
evidence and new technologies to improve 
our understanding and refine current 
management strategies

Conclusions


