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Aneurysmal SAH

• Incidence: ≈ 10/100‘000/y (3-25/100‘000/y)

• Age: ≈ 40-65 Jahre
Labovitz DL et al. Neuroepidemiology 2006

Shea AM et al. Neurosurgery 2007





• Sudden and severe headache (97%)
• Lateralized in 30%

• May be associated with:
• (brief) loss of consciousness 
• nausea or vomiting
• meningismus

Gorelick et al. Neurol 1986

Schieving WI. J Engl J Med 1997

• Seizure < 10%
• Sudden death 10-15%

Butzkueven et al. Neurology 2000

Clinical manifestations



Prospective
n = 148
25% SAH

Retrospective
n = 107
19% SAH

Clinical manifestations



Polmear et al. Cephalalgia 2003

Clinical manifestations



Diagnosis

Misdiagnosis of SAH is not infrequent, and usually results from three common 

errors:

• Failure to appreciate the spectrum of clinical presentation associated with SAH

• Failure to obtain a head CT scan or to understand its limitations in diagnosing SAH

• Failure to perform a lumbar puncture and correctly interpret the results

Edlow JA et al. N Engl J Med. 2000



Sensitivity
100%

(95% CI, 97.2%-100.0%)

Specificity

15%
(95% CI, 13.8%-16.9%)

JAMA 2013
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Diagnosis

N = 482
SAH misdiagnosis 12%



CT
• <6h: SAH sensitivity ≈ 100%
• <24h: SAH sensitivity 92%
• 5d: SAH sensitivity 58%
• 3 w: SAH sensitivity <10%
• ICH 20-40%
• IVH 15-35%
• SDH 5%
• Distribution of blood poor predictor of the site of an aneurysm (excepted ACA or ICH)

MRI
• FLAIR AND SWI SAH sensitivity ≈ 100%

Dubosh N et al. Stroke 2016

Connolly ES Jrr et al. Stroke 2012

Backes D et al. Stroke 2012

Edlow JA et al. Stroke 2012

Mitchell P et al. J Neurol Neurosurg Psychiatry 2001
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LP

• Lumbar puncture is mandatory if there is a strong suspicion of SAH 

despite a normal head CT

• There is a lack of evidence to support the use of CT alone, even if 

performed within 6h of headache onset
Vermeulen M, et al. J Neurol Neurosurg Psychiatry 1990

Connolly ES Jr et al. Stroke 2012
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Shah et al, J Emerg Med 2002
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Mark et al. Am J Emerg Med 2015



Xanthochromia
• Hemoglobin degradation products
• Blood has been in the CSF for > 2h
 LP performed within 2h after SAH: no xanthochromia
• Can last >2 weeks (70% 3 weeks, 40% 4 weeks)

Diagnosis

4-10h >24h-4w



LP Spectrophotometry

• highly sensitive for bilirubin (>95%) when lumbar puncture is done 
>12 hours after SAH

• low to moderate specificity for the diagnosis of SAH
Vermeulen Met al.  J Neurol Neurosurg Psychiatry 1989

Cruickshank A et al. BMJ 2005

Beetham R et al. J Neurol Neurosurg Psychiatry 2004

Petzold A et al. Stroke 2005

Diagnosis

4-10h >24h-4w



Why to tap?

• 4.7 - 8.6% positive LPs after negative CT 
Sayer et al, Acad Emerg Med 2015

Martin et al, Br J Neurosurg 2015

Blok et al. Neurology 2015

Gangloff et al. Clincal Biochemistry 2015

Migdal, et al. Am J Emerg Med 2015

• Aneurysma detection after positive LP: 8.1 - 45%
Chalouhi et al,  Neurosurgery 2013

Horstman et al. J Neurol 2012

Bakker et al. J Neurol Neurosurg Psychiatry 2004

Wallace et al. Stroke 2013

Sayer et al. Acad Emerg Med 2015

Martin et al. Br J Neurosurg 2015

Gangloff et al. Clincal Biochemistry 2015
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Marder et al. AJR 2014

Sensitivity for aneurysms: 92-98%

Menke et al. Ann Neurol 2011
Chenet al. Neurosurgery 2008
Uysal et al. Emerg Radiol 2008

Peker et al. Diagn Interv Radiol 2009
El Khaldi et al. Radiol Med 2007

Tipper et al. Clin Radiol 2005
Agid et al. Neuroradiology 2006

Wang et al. Acta Neurochir 2010
van Gelder et al. Neurosurgery 2003

Kokkinis etl al. Br J Neurosurg 2008
Chappell et al. Neurosurgery 2003
MacKinnon et al. Clin Radiol 2013
Westerlaan et al. Radiology 2011



CT < 6h
LP > (6)-12h

Diagnosis



• Aneurysm 85%
• Perimesencephalic 10%
• Dissection
• AVM/AVF
• Spinal AVM
• Mycotic
• Pituitary apoplexy
• other

Identifying the etiology



Identifying the etiology



Identifying the etiology: CTA

Radiology 2011



Identifying the etiology: MRI



Identifying the etiology: DSA



WFNS SAH grading system



Bracard et al. Interv Neuroradiol. 2008



1-year mortality
90% for poor-grade pts
75% for good-grade pts

N = 510
Medium survival time: 20d





Vasospasms
• More frequent complication after SAH
• 40-70%, symptomatic in 17-40%

Bracard et al.,Interv. Neuroradiol. 2008

Kassel NF et al. Stroke 1985
Kreiter KT e tal. Stroke 2009





23.12.2002



Lantigua et al. Critical Care 2015



Klimo P et al. JNS 2004

Fisher et al, Neurosurg, 1980

Fisher CT grading scale



Q= ∆Pπr4

8Lη
Flow

(Hagen-Poiseuille-Law for laminar flow)

Presure:
Hypertension

Radius:
Nimodipine (Nimotop)
21 days 6 x 60 mg po
(or 1-2 mg iv)

Viscosity:
Haemodilution
Cave: O2-Transport



Cochrane Data Syst Rev, 2007

Number needed to treat 19 
No evidence for iv-Nimodipine

Calcium antagonists



Nimodipine 60mg po, 6h, 21 days or till vasospasm

Dorhout Mees et al. Cochrane Database Syst. Rev. (2007)

Calcium antagonists



Triple-H therapy

• Hypertension

• Haematocrit 28-33% 

• Hyper-, Normovolemia (Hb > 8-10 g/dl (> 11g/dl if DCI?))



Nimodipine i.a., Papaverin i.a., mechanic angioplasty

Endovascular treatment (angioplasty)

Andereggen L et al. AJNR 2017



• Acute/chronic hydrocephalus (25%)

• Seizure (6-18%)
Connolly ED Jr et al. Stroke 2012

• Other (pulmonary, cardiac, electrolytic, infectious, thromboembolic, GI,…)

• CAVE: hyperglycemia, fever, anemia, troponin, hypothalamic/pituitary
dysfunction,…

Other complications



• 7% - 25%
Connolly ED Jr et al. Stroke 2012

• days - weeks after SAH   

 CT 12 weeks or before if no further
clinical improvement

Chronic hydrocephalus

Mkssc.org



1981- 86 2003 - 08

Neurology 2010



Neurology 2010



Prabhakaran et al. Neurosurgery 2014
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