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Objective
● Historical categorization of spinal cord infarction by MRI

● MRI & Neurological outcomes and prognostic implications

● MRI & Spinal cord vascular anatomy and susceptibility to infarction

● MRI & Clinical decision-making

● Future directions of MRI Imaging in spinal cord infarction
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Mawad classification of MRI of 
spinal cord ischemia (1990)

Journal of Roentgenology 1990
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Tanaka classification of MRI of
spinal cord ischemia (2014)

Interactive Cardiovascular and  Thoracic Surgery 2014
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Focal type: 
asymmetrical focal high 
intensity on axial T2-
weighted images within 
2 segments of vertebra 
(Fig. 1).

Interactive CardioVascular and 
Thoracic Surgery 2014

Tanaka classification of MRI of spinal cord 
ischemia (2014)
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Role of MRI in Watershed Area of the Spinal Cord
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Orange Arrowhead: Severe 
ischemia and necrosis

Blue arrow : Watershed Zone 
between central gray matter and 
peripheral white matter

White arrow : non-ischemic 
peripheral white matter Journal of Neuroradiology 2019

61-year-old female with an elective type 4 
thoracoabdominal aortic aneurysm repair
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Role of MRI Discovery of Watershed Areas
• MRI helped to discover watershed areas which 

are more susceptible to ischemia in the spinal 
cord 
oRequires caution to ensure proper perfusion 
oLongitudinal watershed area

o ASA and PSAs are connected via the periconal arterial anastomotic circle, only 
functionally significant connection between anterior and posterior spinal 
circulations; vulnerable to ischemia

o Mid-thoracic T3-T8

oTransverse watershed area
• High metabolic demand of gray matter → Greater 

vulnerability
• Produces snake-eye pattern on MRI in central gray matter
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Journal of NeuroInterventional Surgery 
2014
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Longitudinal 
Watershed

Predominantly involve 
anterior spinal 
artery circulation,
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The plexiform nature of the 
posterior circulation 
offers ischemia protection 

Journal of 
Neuroradiology 
December 2019

Spinal Cord Vasculature: 
General Anatomy and 
Physiology 2024
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Journal of NeuroInterventional Surgery 
2014

"Dorsal watershed zone 
must be understood as a 

dynamic concept"

Patient's individual vascular anatomy impacts the ischemia of the dorsal watershed zone
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MRI Patterns of Injury: Our experience at The Ohio State

Journal of stroke 
and cerebrovascular 
diseases 2025

Endovascular RepairOpen Repair

Open Repair

11

Conceptual model of ISCI development

Journal of stroke and cerebrovascular diseases 2025
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Role of MRI in pre-clinical models

Annals of Diagnostic Pathology 2018

Edema Formation Lead into Spinal Cord Infarction
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Role of MRI in pre-clinical models

White Matter / Grey Matter Differentiation

14Scientific Reports 2021

Canine model
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Use of MRI in Prognosis in spinal cord
● Before surgery:

o MRI is a high-quality imaging technique in visualizing segmental suppliers 
and mapping them can be highly predictive of intraoperative spinal cord 
function.

● After surgery:
○ MRI’s value in diagnosis, prognosis, and guiding interventions to improve 

both preoperative risk stratification and postoperative management.
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Thank you
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Edison's Slides
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How MRI Can Help Guide Treatment To Prevent SCI And 
Determine SCI Prognosis After Thoracic Aortic Aneurysm And 
TAAA Repairs (Endo And Open)
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Veith symposium
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30 years problem of MRI in aortic aneurysm surgery

● You wouldn't do carotid surgery without looking at the circle of willis
● Why do aortic surgery without taking an MRI of the Spinal arteries
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Tanaka classification (2014)

Interactive Cardiovascular and  Thoracic Surgery 2014

Focal

Diffuse
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Two systems of blood supply
● Epidural Collateral Network

○ Immediate backup system 
that exists

○ 9.7 (±) 2.1 per specimen
○ Single and circular 

connections (Willis-like)
○ Smaller (diameter < 0.5 mm)

● ARMAs
○ Main artery feeding the 

spinal cord
○ 3.0 ± 1.1 per specimen
○ Bigger (diameter 0.6 to 1.8 

mm)
○ Bigger gaps between 

ARMAs creates 
"watersheds" 

European Journal of 
Cardio-Thoracic Surgery 
2021
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oArteries between large 
collateral vessels (ARMAs) 
more susceptible to 
ischemia 

What is a Watershed Area
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MRI Discovery of Watershed Areas
• MRI helped to discover watershed areas which 

are more susceptible to ischemia in the spinal 
cord 
• Longitudinal watershed area

o Gaps between collaterals create watershed areas

• Transverse watershed area
oHigh metabolic demand of central gray matter → 

Greater vulnerability
oProduces snake-eye pattern on MRI in central gray 

matter
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Watershed Area of the Spinal Cord
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Green Arrowhead: Severe 
ischemia and necrosis

Blue arrow : Watershed Zone 
between central gray matter and 
peripheral white matter

White arrow : non-ischemic 
peripheral white matter Journal of Neuroradiology 2019

Axial watershed

Longitudinal watershed
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Conceptual model of ISCI development

Journal of stroke and cerebrovascular diseases 2025
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Role of MRI in pre-clinical models

Annals of Diagnostic Pathology 2018Infarction in mice from edema formation
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Our experience at The Ohio State MRI Patterns of Injury 

Journal of stroke and cerebrovascular diseases 2025

28

Conclusion: Clinical Significance
● Vascular Surgeon

○ Use of MRI / imaging: can view 
the ARMAs strength and other 
SA to determine staged, Open, 
or what kind of EVAR.

○ potentially favoring open 
surgery over endovascular 
approaches if critical ARMA 
suppliers are at risk

○ Staging aortic repair to build 
collateral vessels 

● Anesthesiologist
○ Live monitoring of perfusion
○ Keeping good MAP > 85 mmHg 
○ CSF drain
○ Targeted drugs to selectively 

dilate the radicular arteries 
(Nitro and lidocaine)
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