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Goals and Objectives

• Discuss the epidemiology and clinical presentation of hemorrhagic stroke 

• Review current guideline recommendations for the diagnostic evaluation of spontaneous 
intracerebral hemorrhage and subarachnoid hemorrhage



Hemorrhagic 
Stroke
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Pathophysiology 
of Hemorrhagic 
Stroke

Intracerebral 
hemorrhage

• Hypertensive 
angiopathy

• AVM
• Tumor
• Amyloid angiopathy
• Septic emboli
• Moyamoya
• Vasculitis

Subarachnoid 
hemorrhage

• Saccular aneurysms in 
the cerebrovascular 
circulation
• Inciting event such 

as physical 
exertion 
(sometimes)

• Non-aneurysmal 
(perimesencephalic) 
bleeding from 
perforating vessels or 
veins 



Epidemiology



Relative 
Proportions of 
Cerebrovascular 
Diseases 
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Incidence of 
Hemorrhagic 
Stroke



Risk Factors

Genetics

Age

•Black
•Asian

Race

•Hypertension
•Anticoagulation
•Low cholesterol

Medical history

•High alcohol intake
•Methamphetamine/cocaine

Behaviors

Genetics

Female (especially >50 years)

•Hypertension
•Anticoagulation
•Statins?

Medical history

•Cigarette Smoking
•High alcohol
•Methamphetamine/cocaine

Behaviors

ICH SAH



ICH Incidence by Age

van Asch C et al. Lancet Neurol. 2010;9(2):167-76
van Asch C et al. Lancet Neurol. 2010;9(2):167-76



Intracerebral 
Hemorrhage by 
Race

van Asch C et al. Lancet Neurol. 2010;9(2):167-76



Aneurysmal SAH Risk Factors

Muller TB et al. Stroke. 2019;50(10):2952-5



Clinical Presentation



Hemorrhagic Stroke vs. Ischemic Stroke

Runchey S et al. JAMA 2010;303(22):2280-6



Intracerebral 
Hemorrhage
• Symptoms driven by size and location

• Focal neurological deficit
• Headache/vomiting
• Depressed mental status/coma

• Progression over time
• Abrupt onset
• Deterioration common

Runchey S et al. JAMA 2010;303(22):2280-6



Bogousslavsky J et al. Stroke. 1988;19(9):1083-92



Clinical Presentation 
of Intracerebral 
Hemorrhage

• Subcortical (15%)
ØSimilar to ischemic 

stroke in same location



Clinical Presentation 
of Intracerebral 
Hemorrhage

• Deep brain (putamen, caudate 
internal/external capsule, 
thalamus) >50%
ØHemiplegia
ØHemisensory loss
ØHomonomous

hemianopsia
ØGaze palsy
ØStupor 
ØComa



Clinical Presentation 
of Intracerebral 
Hemorrhage

• Cerebellum (15%)
ØImbalance
ØWorsening occipital 

headache and vomiting
ØGenerally no 

hemiparesis
ØProgressive somnolence 

due to obstructive 
hydrocephalus

Ø Develops late



Clinical Presentation 
of Intracerebral 
Hemorrhage

• Pons (5%)
ØComa

• Develops early
ØComplete paralysis
ØPinpoint pupils



Clinical 
Presentation 
of 
Subarachnoid 
Hemorrhage

Perry JJ et al. CMAJ. 2017;189(45):E1379-e85

94% “Worst headache of life” 

84% Thunderclap headache

75% Subjective neck stiffness

61% Vomiting

9% Transient loss of consciousness



Diagnostic 
Evaluation



Missed Diagnosis

Waxman DA et al. JAMA internal medicine. 2018;178(4):477-84



Consequences of Missed SAH Diagnosis

Ois A et al.  Stroke. 2019;50(11):3072-6



Initial 
Evaluation of 
Suspected 
Hemorrhagic 
Stroke

• Time of onset
• Timing of onset
• Associated symptoms
• Anticoagulants
• Family history

History

• Primary survey
• Structured neuro exam
• NIHSS/GCS

Physical exam

• CBC
• Coagulation studies
• Drug screen
• Troponin

Laboratory evaluation

Hemphill, J. C., et al. Stroke 2015:46(7): 2032-206



Imaging

• CT Scan is the cornerstone imaging 
modality for ED evaluation of 
hemorrhagic stroke

• SAH
• AHA Class I, Level of Evidence B1

• ACR Appropriateness 92

• ICH
• Rapid neuroimaging with CT or MRI is 

recommended to distinguish ischemic 
stroke from ICH (Class I; Level of 
Evidence A) 3

• ACR Appropriateness 8-92

This Photo by Unknown Author is licensed under CC BY-NC-ND1. Connolly, E. S., et al. Stroke 2012:43(6): 1711-1737
2. Salmela, M. B., et al. Radiology 2017:14(5, Supplement): S34-S61
3. Hemphill, J. C., et al.  Stroke 2015:46(7): 2032-2060.

http://www.techzim.co.zw/2013/08/zimbabwe-desperately-needs-modern-medical-equipment/
https://creativecommons.org/licenses/by-nc-nd/3.0/


Importance of Early 
Recognition

• Early deterioration is common

• 22% of ICH patients 
transported by EMS 
experience a decrease in 
GCS of ≥2 during transport1

• 22.6% of ICH who present 
with GCS 13-15 experience 
a drop in GCS of ≥ 2 points 
while in the ED2

Stroke Team Activation3

1. Moon, J. S., et al. Crit Care Med 2008:36(1): 172-175.

2. Fan, J. S., et al. Acad Emerg Med 2012:19(2): 133-138.

3. Colton, K., et al. J Stroke Cerebrovasc Dis 2020:29(2): 104552.

No 
Stroke 
Code

Stroke 
Code

P-value

Door-to-CT 48 24 <0.001

Door-to 
Coagulation 
test results

69 39 <0.001

Door-to-
hemostatic 
medication

99 63 0.005

Door-to-ICU 228 176 <0.001



Are there situations 
where CT can be 
avoided?

• Several validation studies (mostly 
from same group in Canada)

• Sensitivity 100% (95% CI 94.6% to 
100%)

• Specificity 13.6% (95% CI 13.1% to 
15.8%)

• ACEP Clinical Policy on Headache:
• Level B recommendations. Use the 

Ottawa Subarachnoid Hemorrhage 
Rule as a decision rule that has high 
sensitivity to rule out SAH, but low 
specificity to rule in SAH, for patients 
presenting to the ED with a normal 
neurologic examination result and 
peak headache severity within 1 hour 
of onset of pain symptoms.



What if CT is 
Negative?

• CT + LP is safe and sensitive to exclude diagnosis of SAH1

• Within 6 hours of symptom onset
• Sensitivity of CT approaches 100% 

• Negative Likelihood Ratio 0.01 [0.0-0.04])2

• ACEP Clinical Policy on Headache:
• “Level B recommendations. Use a normal non-contrast head CT 

performed within 6 hours of symptom onset in an ED headache 
patient with a normal neurologic examination, to rule out 
nontraumatic SAH”3

• Beyond 6 hours of symptom onset
• CT still fairly sensitive
• LP is invasive and can be inconclusive 
• ACEP Clinical Policy on Headache:

• “Level C recommendations. Perform LP or CTA to safely rule out SAH 
in the adult ED patient who is still considered to be at risk for SAH 
after a negative non-contrast head CT result.” 3

• Benefit: eliminate painful, time-consuming procedure
• Risk: Incidental aneurysm identification, increase 

testing/costs/radiation
1.  Connolly, E. S., et al. Stroke 2012:43(6): 1711-1737.

2.  Carpenter, C. R., et al. Acad Emerg Med 2016:23(9): 963-1003.

3.  Godwin, S. A., et al. Ann Emerg Med 2019:74(4): e41-e74.



Disclaimer

Thank You



Factors Predictive of Hemorrhagic Stroke
(vs. Ischemic Stroke)

Runchey S et al. JAMA 2010;303(22):2280-6



Final Diagnosis Among ED Patients with Worst Headache of Life 
Among Patients with and without history of Migraine 





CT Angiogram in ICH: Spot Sign
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