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Introduction 

 Immediate or delayed paraplegia or paraparesis remain 
complications. 

 Intraoperative spinal cord monitoring with SomatoSensory 
Evoked Potentials ( SSEPs) and Motor Evoked Potentials ( 
MEPs) will give Anesthesiologist and Surgeons an estimate 
of spinal cord perfusion, implement aggressive intervention 
before treatable spinal cord injury evolves into irreversible 
neuronal ischemia. 

 Reperfusion injury, apoptosis or new postoperative spinal 
ischemic events may still lead to delayed paraplegia. 

 



 
Ascending Somatic sensory pathway 

Posterior columns white matter of spinal cord 
Posterior spinal arteries 

 
 
 
 
 
Axons of somatic sensory 
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column white matter of 
the spinal cord 



SSEPs 
SomatoSensory Evoked Potentials 



Descending motor pathway 
Anterior lateral white mater , Anterior horn gray matter of spinal cord 

Anterior spinal artery 

 
 
 

Axons of the upper 
motor neuron 
corticospinal tract 
travel through the 
anterior lateral white 
matter and synapse 
with lower motor 
neuron in the anterior 
horn gray matter of 
the spinal cord 



TcMEPs 
Transcranial Motor Evoked Potentials 

 



SPINAL CORD ISCHEMIA 

 Early detection of spinal cord ischemia is important as it permits early 
intervention before ischemia evolves into irreversible neuronal 
ischemia.. 

 Decreased amplitude and increase latency of Evoked Potentials  has 
proved to neuronal tissue ischemia. 

 FP, FN, The Sensitivity, Specificity, Negative predictive value and 
Positive predictive value of SSEPs and MEPs! … 



 



Left leg ischemia 

 



Right Leg ischemia 

 



Peripheral ischemia, Spinal cord ischemia 

 



Anterior spinal ischemia 

 



Anterior and Posterior Spinal ischemia:  
 

 



 



Time of loss response to complete ischemia  

 Cortex: 20-30 seconds ( EEG) 
 Spinal cord sensory white matter: 7-17 minutes      

( SSEP) 
 Spinal cord motor  white matter  : 5-17 minutes      

(MEP) 
 Spinal cord gray matter                 : 2-3   minutes      

( MEP) 
 Peripheral nerve ( Limb ischemia): 20-25 minutes 

( SSEP-MEP) 
 



Anatomy and Physiology of spinal cord circulation 

 A better understanding of anatomy and physiology of the 
spinal cord circulation have in recent years led to a reduction 
risk of postoperative spinal cord ischemia. 

 The extensive network of extra- and intraspinal anastomoses 
protects the spinal cord against ischemia due to segmental 
arterial occlusion 

 The extensive collateral network and  The arterial basket of 
the conus medullaris allow compensatory flow to the spinal 
cord when some of the direct inputs to the ASA are 
compromised during Aortic cross-clamping. 



Vascular of the spine and spinal cord 

 31 pairs segmental arteries and their 
anastomoses: Supply to the spinal column, 
paraspinal muscles, dura, nerve roots and spinal 
cord. 

 Anastomose extensively across the midline and 
between levels above and below 

 Extraspinal longitudinal system connects the 
neighboring segmental arteries longitudinally 

 Intraspinal extradural system has transverse 
anastomosis and longitudial interconnections 

 Retrocorporeal and prelaminar arteries 
interconnect with neighboring and contralateral 
segmental arteries, provide an excellent 
collateral circulation.  

 The extensive network of extra- and intraspinal 
anastomoses protects the spinal cord against 
ischemia due to segmental arterial occlusion 



 



Vascular of the spine and spinal cord 

Arteries of the spinal cord: 
 The intrinsic arteries: Central and peripheral system 
 The ASA supplies two-thirds of the ventral of the 

spinal cord 
 The anterior gray matter, anterior portion of the 

posterior gray matter and inner half of the anterior 
and laterial white matter ( Descending motor tract) 

 The  pairs of PSAs and pial arterial plexus supplies 
the outer portion of the anterior and lateral white 
matter and the posterior portion of the posterior gray 
matter and dorsal columns white matter. 

 Their terminal branches overlap, because blood 
flows away from the center in the central system and 
toward the center in the peripheral system, their 
relationship is not truly compensatory 

  



Vascular of the spine and spinal cord 

 Capillaries :The density of the capillary bed is 5 
times greater in gray matter than in white matter 

 The capillaries beds in white matter stretching 
longitudinally in the direction of the axon fibers 

 Within the gray matter, the density of the beds 
depends on the location of the neuron cell bodies. 
This arrangement reflects the greater metabolic 
requirements of the cell bodies compared with 
axons 



Watershed areas 

 The watershed area, border-zone infarct occurs at the junction of two arteries 
territories and is precipitated by a hemodynamic impairment, although it cannot be 
excluded by specifically precipitating from micro-embolic etiology. 

 3 watershed zones.  
 The first is along the longitudinal axis of the thoracic spinal cord between the arteries 

of the cervical and lumbar enlargements.  
     At the union of a radiculomedullary artery and the ASA, the blood courses upward and 

downward from the entry point. Therefore, in the area of the ASA between 
neighboring radiculomedullary arteries, there is a dead point where blood flows in 
neither direction, that is, a watershed area.  

 The second is over the anterolateral surface of the cord between circumferential pial 
branches of the anterior spinal artery and the posterior spinal arterial arcade. 

 The third is along the gray/white junction between the intramedullary territories of 
the central arteries and  the pial plexus. There is overlap between the pial plexus and 
central arteries, which produces a watershed zone 
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 . A through D, Illustration of disrupted spinal cord supply following ligation of a key segmental artery (shown in 
gray) (A) with three possible compensatory mechanisms for reconstitution of the anterior spinal artery (ASA). 
Without direct supply to the ASA via the typical flow from the segmental artery to the radiculomedullary artery 
(RMA), the ASA may be reconstituted by collaterals emanating from an adjacent segment radicular artery (B), 
communication between the posterior spinal arterial system and the ASA system via the pial plexus and areas of 
spinal cord parenchymal overlap (C), or compensatory dynamic reversal of flow in the ASA itself using supply 
from distant RMAs or the anastomotic loop of the conus (D). 



 



 



“There exist a very close relationship between the metabolic requirements of the 
nervous tissue and the final distribution of intraneural vessels in the adult, a 
relationship which functions in such a way as to provide the nervous system with 
a blood supply just adequate for its minimal needs ( Feeney and Watterson ; The 
development of the vascular pattern within the walls of the central nervous 
system of the chick embryo. Journal of Morphology;1946.).” 
 
 

 



 The blood flow and metabolic rate of the spinal gray matter 
be 3-5 time greater than white matter. 

 The fact that when SSEPs changes suggesting the white 
matter would be in the ischemic penlucida or penumbra 
while the gray matter would have reached the stage of 
irreversible lesions, thereby explaining why paraplegia may 
occur despite SSEPs recovered. 

 Aggressive intervention before treatable spinal cord 
ischemia evolves into irreversible neuronal ischemia. 





Loss MEPs / TEVAR 

Baseline  BP 135/70 



Loss MEPs / TEVAR 

2nd stent deployed,  T9 artery 2nd stent deployed: 2 minutes 



Loss MEPs / TEVAR 

2nd stent deployed : 3 minutes 2nd stent deployed: 5 minutes 



Loss MEPs / TEVAR 

Induced HTN, SBP : 146 mmHg SBP : 187 mmHg 



Loss MEPs / TEVAR 

SBP: 145 mmHg SBP: 120 mmHg 



Loss MEPs / TEVAR 

SBP: 150 mmHg 
Threshold restored MEP,  
SBP: 160 mmHg 



Thank you for your attention！ 
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