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Spreading depolarizations in human diseases 
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SD no SD 

Dohmen, et al. (2008) Ann. Neurol. 

100% MHS 

Dreier, et al. (2006) Brain 

72% aSAH 

Helbok, et al. (2017) JCBFM 

67% ICH 

Hartings, et al. (2011) Lancet Neurol. 

58% TBI 

Spreading depolarizations in human diseases 

28% 
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Steffensen et al., J Neurosci. 2015 ADC map 
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SD is electrophysiological correlate of cytotoxic edema 
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The spreading depolarization continuum 
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continuum 

 

 

 

 

 

 

 

 
 

Hartings, et al. (2017) JCBFM 
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 Physiological Spreading Depolarization 

[K+]i (mM) 134 106 

[K+]o (mM) 2.3–3.1 35–60 

[Na+]i (mM) 10 35 

[Na+]o (mM) 146–154 57–59 

[Ca2+]i (mM) 0.06 * 10-3 25 * 10-3 

[Ca2+]o (mM) 1.2–1.3 0.08 

[Cl-]o (mM) 145–148 95 

Extracellular space (%) 18–22 5–9 

Membrane potential (mV) -70 -10 
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Spreading depolarization in human brain tissue 

 
Spreading depolarization 
and spreading 
depression 
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Spreading depolarization and spreading hyperemia in rat cortex 
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Woitzik, et al. 
(2013) Neurology 
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K+↑ NO↓↓↓ 

 
 

 

 

Blood flow responses to spreading depolarization 
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Spreading hyperemia and 
spreading hyperoxia in 
response to spreading 
depolarization 

 

 

 

 

 

 

 

 

 
Protect Brain – Prevent Complications – Restore Function 



12 

 

 

 
 

 

 

Spreading ischemia and 
spreading hypoxia in 
response to spreading 
depolarization 
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Transition from spreading 
hyperemia/hyperoxia to 
spreading 
ischemia/hypoxia 
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SDs associated with transient nerological deficit 

 
• 56 years old female patient 

• Initial symptoms: 

• Bilateral headache 

• decreased consciousness (GCS 11) 

• aphasia. 

• aSAH from aneurysm of the left MCA (6 mm), H&H °3, WFNS °4 

• No headache history, no isolated migraine aura 
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Initial CT scan 
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SD patterns 
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Milakara, et al. 
(2017) Neuroimage Clin. 
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Early MRI 
 
 

  

 
Protect Brain – Prevent Complications – Restore Function 



16 

 

 

 
 

 

 

Follow up MRI 
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Spreading Depolarization and lesion progression 

 

 

 

 

 

 

 

 

 
 

Milakara, et al. (2017) 
Neuroimage Clin. 
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Terminal spreading depolarization 
and nonspreading depression 
after cardiac arrest 

 

 

 

 

 

 

 

 
Dreier, Major, et al. (2018) Annals of Neurology 
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Summary 

 

• SDs occur frequently in TBI, ICH, SAH and MHS patients 
 

• Spreading ischemia occurs in TBI, SAH and MHS and leads to prolonged 

depolarizations and additional tissue hypoxia 

• Clustered SDs are associated with unfavorable outcome 
 

• SDs occur in the early phase of development of new lesions 
 

• SD monitoring may help to predict new lesions/infarcts and identify 

patients requiering additional or intensified therapy. 
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