
Surgical Repair of Coarctation of the 
Aorta and the Spinal Cord 

 
Richard J. Levy, M.D. 
Director, Cardiac Anesthesia 
Vice Chief, Division of Anesthesiology and Pain Medicine 
Children’s National Medical Center 
Associate Professor of Anesthesiology and Critical Care 
Medicine, Pediatrics, and Information Systems Biology 





Aim:  
Develop a mouse model of 
spinal cord ischemia with 
delayed paralysis induced by 
cross-clamping the descending 
aorta 



Methods: 
Adult 7-12 week old C57Bl6 mice 
Thoracotomy under general endotracheal  
 isoflurane anesthesia with 100% FiO2 
ACC for varying durations (3-11 min) at varying 
 body temp (33-36ºC) 
Hemodynamics and ABG 
Locomotor behavior 
Histology 











72% of mice with ACC for 8-11 min at 35-
36ºC developed immediate paralysis 
 
2 of the 7 remaining developed paralysis 
within 24 hours of ACC 

35ºC 



33ºC 
< 7.5 min ACC failed to cause paralysis 
7.5 min ACC caused delayed neurologic 
impairment in all mice between 20-49 hours 
post ACC 
 Gait abnormalities 
  - toe drag, missed steps, loss of  
      coordination, wide base, external  
      paw rotation, trunk instability 
 Mild or severe (progression to paralysis) 
 Forelimb spared 
  







3-D Analysis of Spinal Cord Lesion 



Conclusions: 
Successful development of a mouse model 
 for future investigation 
Progressive necrosis, axonal 
 degeneration, and intraspinal 
 inflammation developed in multiple 
 spinal cord segments between 2-7 
 days post ACC 
Injury may be due to inflammation, 
 excitotoxicity, oxidative stress, etc.  
 





So what? 



Does this translate to humans? 
 
  
Are infants and children at risk? 



Spinal Cord Blood Supply 

Extrinsic circulation  
 Vertebral arteries 
  - cervical, upper thoracic cord 
 Intercostals and lumbar arteries 
  - midthoracic, thoracolumbar cord 
 
Intrinsic circulation  
 Anterior and posterior spinal arteries 
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Jonas RA. Comprehensive Surgical 
Management of Congenital Heart 
Disease. 2004. 1st Ed. 
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Adult with Congenital Coarctation 

Hamdan M. J. Arab Neonatal Forum 2006; 3:5-13  



10 month old Infant 
 with Congenital Coarctation 

Kenney D, Hijazi Z. Cardiology Journal, 2011. 







Distal Somatic NIRS during ACC 



*P<.05 



SSEP Lowest Amplitude 

† P < .05 
* P < .01 
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Cell death occurs 15-45 
min after loss of SSEPs 

Park SC, Neches WH. Neurologic Clin. 1993. 



 
Patient Pre Post 

1 Normal Clonus bilateral 
LE 

2 Normal Clonus bilateral 
LE 

3 Normal Normal 

4 Normal Esotropia 

5 Normal Normal 

Neuro Exams 









1972 review of 12,532 coarctation repairs 
  
 - 66 patients with spinal cord injury 
 - 51 paraplegia 
 - 0.41% incidence of paralysis 

Brewer LA III, Fosburg RG, Mulder GA, Verska JJ  J Thorac Cardiovasc Surg. 1972; 
64:368–381. 





Reviewed STS Database for 
Coarctation Repair 2006-2010 





Paralysis is the most extreme 
outcome endpoint 

 





Anesthesia-induced  
Neurotoxicity 

Young C, Jevtovic-Todorovic V, Qin YQ, Tenkova T, Wang H, Labruyere J, Olney JW. Br J Pharmacol. 
2005 Sep;146(2):189-97. 



No one has looked for subclinical 
spinal cord injury or insults other 

than paralysis 



“Look and you will find it –  
what is unsought will go undetected.” 
 
      Sophocles 
  0496 BC – 0406 BC 

 
 

http://www.brainyquote.com/quotes/authors/s/sophocles.html
http://www.goodreads.com/photo/author/1002.Sophocles


Pure speculation… 
 
How could subclinical injury in the 
developing spinal cord manifest?  





Hypertension causes significant late 
morbidity and mortality following 
coarctation repair 
 
Up to 75% of all patients undergoing 
coarctation repair will have systemic 
hypertension by 20-30 years post op 

D S Celermajer, K Greaves. Heart 2002;88:113–114 



119 children who underwent coarct repair 
between 2-3 months of age  
 - compared with 1034 controls 
 - 28% had HTN 7-16 years later 
 - 21% had no residual coarct disease 
  “successful repair” 

O’Sullivan JJ, et al. Heart 2002;88:163–6. 



Although there are theories, the 
pathophysiology of hypertension 

following coarctation repair is unclear 



This gap provides opportunity for 
investigation, 

 
  

 
funding, publication, promotion, fame, 

and glory…. 



In reality, if physiologically 
significant spinal cord injury is 
demonstrated following ACC, 

then there will be an opportunity 
for pediatric cardiac 

anesthesiologists to pioneer 
protective measures  



Anesthesia-induced 
neurotoxicity 

Animal Studies 

Mechanisms 

Confirmation studies 
in children 

Therapy and prevention 

Paradigm Change 

ACC-induced SCI 

Animal Studies 

Mechanisms 

Confirmation studies 
in children 

Therapy and prevention 

Paradigm Change 
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