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Spreading depolarizations in human diseases
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Spreading depolarizations in human diseases
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Spreading depolarizations in human diseases
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SD is electrophysiological correlate of cytotoxic edema
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The spreading depolarization continuum

Electrode 2
+
2 -9 mMm/min
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(a) After Initial Spreading
Depolarization (Time A)

The spreading
depolarization
continuum
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lon concentrations during SD

_ Physiological Spreading Depolarization
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Spreading depolarization in human brain tissue

7 — bcEcec 1
P
54 /
-0

- DC-ECoG 2
Il _ i —————

s .
159 poEcoG3 \ n
54

[ CHARIT E @ CsB COSBI D Q Protect Brain — Prevent Complications — Restore Function

caive Sucdes on Bean |




10 1
Z 10 1 ‘N//ra;;vECoG
=30 -
1 7, high-pass filtered ECoG
z o1
4 -
300 1
< 200 { CBF
100 L] L] L] L] L] L} L} L)
01 2 3 456 7
Time (min)
CHAR ITE @ CSB Protect Brain — Prevent Complications — Restore Function

1000 2000 Flux (units) P, Baseline blood flow

Woitzik, et al.
(2013) Neurology




CHARITE

Z -10 1 ./ raw ECoG
-30 -
1 4 high-pass filtered ECoG
g 0] ‘
A
300 1
< 200 {1 CBF
100 L] ] 1 1 ] ] ] L]
01 2 3 456 7
Time (min)
Qcse COSBID €

Protect Brain — Prevent Complications — Restore Function

-
200
100
0
1000 1500

10



40101093 /beain/awp102 fian 2009 132; 18561881 | 1866

BRAIN

A JCURNAL OF NEURCLOGY

Cortical spreading ischaemia is a novel process
involved in ischaemic damage in patients with
aneurysmal subarachnoid haemor
Jens P. Dreier,’?* Sebastian Major,?* Andrew Manning.* Joha|
Chistoph Drenckhahn,’?* Jens Steinbrink,® Christos Tolus, An;

Martin Fabricius,® Jed A. Hartings,” Peter Vajkoczy,*> Martin
Georg Bohner,* Anthony J. Strong®, for the COSBID study groy

malignant stroke
-

. Johannes Woitzik, MDD ABSTRACT

Nils Hecht, MD Objecti
2 Untvety Medicn e, Bein, Gemry Alexandra Pincrolits tical spré
Nota Sudow, MD
aren K.L. Winkler, MD ology to
Syory. (Aedicine Bade, Steffen Weber-Carstens. Postops
o7 et e e oy
ol pon @t e Chrsian Db, MDD
Rudalf Geaf, MD
sy ). S, MDD
The term cortical spreading depolariztion (CSD) describes & wve of mass neuronsl 86 1 e 1D

cations and water. Clusters of prolonged CSDs were measured time-locked to progres ratrled
exer Vajkoczy

CSD induces tone alterations in resistance vessels, causing either transient hyper A oD

response) in healthy tissue; or linverse
at risk for progressive damage, which has so far only been shown experimentally. Here,
study in 13 patients with aneurysmal subarachnoid haemorthage, using novel subdur
neous laser-Doppler flowmelry (LDF) and direct current-electrocorticography, combin
pressure of oxygen (pUO). Regional cerebral blood flow and electroconicography we,
Isolated CSDs occurred In 12 patients and wer associated with either physiological, ab
Whereas the physiological haemodynamic respanse caused tissus hyperoxia, the invers: unfavorabie and po
of prolonged CSDs were measured in five patients in close proximity to structural bral

Clusters were assodiated with CSD-induced spreading hypoperfusions, which were significantly longer in duration (wp to

144 min) than those of Isolated CSDs. Thus, axygen depletion caused by the invarse hasmodynamic response may contribute

to the establishment of clusters of prolonged CSDs and lesion progression. Combined electrocorticography and perfusion

that, in pat

monitoring also revealed a charactesistic vascular signature that might be used for non-invasive detection of CSD, Low
frequancy vascular fluctuations (LF-VF) (f<0.1Hz), detectablo by functional imaging methods. are determined by the brain's
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Propagation of cortical spreading
depolarization in the human cortex after

0:10,1093/brain/awu241 Brain 2014137, 29602972 | 2960

BRAIN

A JOUKNAL OF NEROLDGY.

Inverse neurovascular coupling to cortical
spreading depolarizations in severe brain trauma

Jason M. Hlnlman, Norberto Andaluz," Lori A. Shuner. David O. Okonkwo,” Clemens Pahl,*
Anthony J. Strong,” Jens P. Dreier* and Jed A. Hartings'

See Tamer (do£10.1093 /brain/awu263) for a scientific commentary o thes arice.

Cortical spreading depolarization causes a breakdown of electrochemical gradients following scute brain injury, and also elicits
dynamic changes in reglonal cerebeal blood flow that range from physiological neurovascular coupling (hyperaemia) to patho-
logical inverse coupling (hypoperfusion). In this study, wo determined whether pathological inverse neurovascular coupling
occurred as a mechanism of secondary brain injury in 24 patients who underwent craniotomy for severe traumatic brain nfury.
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Spreading hyperemia and
spreading hyperoxia in
response to spreading
depolarization
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Spreading ischemia and
spreading hypoxia in
response to spreading
depolarization
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Transition from spreading
hyperemia/hyperoxia to
spreading
iIschemia/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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Milakara, et al.
(2017) Neuroimage Clin.
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SD patterns
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Early MRI
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Follow up MRI
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Spreading Depolarization and lesion progression

Onseot of a cluster of SDs resulting in the new local infarction in 'B'
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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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