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Abstract



            
Background All brain surgery requires some degree of iatrogenic trauma to healthy tissue. Minimally invasive approaches to brain tumors offer the potential of decreasing this trauma compared with conventional approaches. However, there are no validated radiologic models to examine axonal damage after minimally invasive entry into the brain.



            
Objective To present a cadaveric model of brain cannulation using fractional anisotropy measurements obtained from diffusion tensor magnetic resonance imaging (MRI). Two different methods of access are compared.



            
Methods Freshly harvested unfixed cadaveric brains were cannulated using both direct and indirect (i.e., dilation followed by cannulation) methods. Specimens were subjected to 68-direction diffusion tensor imaging scans and proton-density imaging. Fractional anisotropy (FA) data from a region of interest surrounding the entry zone was extracted from scans using imaging software and analyzed.



            
Results FA values were significantly higher following indirect cannulation (less invasive method) than they were following direct cannulation. FA values for undisturbed brain were significantly higher than in either of the cannulated groups, suggesting an inverse relationship between FA values and brain injury.



            
Conclusion Axonal damage following brain cannulation can potentially be evaluated by FA analysis in a cadaveric model. These data may lead to an MRI-based model of iatrogenic brain injury following tumor surgery. Future studies will focus on histologic analysis and clinical validation in live tissues.






        
[bookmark: N10B9F]
Keywords

diffusion tensor imaging - 
cadaveric model - 
minimally invasive surgery - 
brain surgery
      




 

[bookmark: ]

[bookmark: N10FD3]
	
References


	
[bookmark: JR161637oa-1]1 

Hagmann P, 


Jonasson L, 


Maeder P, 


Thiran JP, 


Wedeen VJ, 


Meuli R. 

Understanding diffusion MR imaging techniques: from scalar diffusion-weighted imaging to diffusion tensor imaging and beyond. Radiographics 2006; 26 (Suppl. 01) S205-S223 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-2]2 

Wedeen VJ, 


Wang RP, 


Schmahmann JD. 

, et al.  Diffusion spectrum magnetic resonance imaging (DSI) tractography of crossing fibers. Neuroimage 2008; 41 (04) 1267-1277 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-3]3 

Mori S, 


van Zijl PC. 

Fiber tracking: principles and strategies—a technical review. NMR Biomed 2002; 15 (7-8): 468-480 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-4]4 

Puig J, 


Pedraza S, 


Blasco G. 

, et al.  Acute damage to the posterior limb of the internal capsule on diffusion tensor tractography as an early imaging predictor of motor outcome after stroke. AJNR Am J Neuroradiol 2011; 32 (05) 857-863 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-5]5 

Rueckriegel SM, 


Driever PH, 


Blankenburg F, 


Lüdemann L, 


Henze G, 


Bruhn H. 

Differences in supratentorial damage of white matter in pediatric survivors of posterior fossa tumors with and without adjuvant treatment as detected by magnetic resonance diffusion tensor imaging. Int J Radiat Oncol Biol Phys 2010; 76 (03) 859-866 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-6]6 

Shin SS, 


Verstynen T, 


Pathak S. 

, et al.  High-definition fiber tracking for assessment of neurological deficit in a case of traumatic brain injury: finding, visualizing, and interpreting small sites of damage. J Neurosurg 2012; 116 (05) 1062-1069 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-7]7 

Thomalla G, 


Glauche V, 


Koch MA, 


Beaulieu C, 


Weiller C, 


Röther J. 

Diffusion tensor imaging detects early Wallerian degeneration of the pyramidal tract after ischemic stroke. Neuroimage 2004; 22 (04) 1767-1774 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-8]8 

Schoene-Bake JC, 


Faber J, 


Trautner P. 

, et al.  Widespread affections of large fiber tracts in postoperative temporal lobe epilepsy. Neuroimage 2009; 46 (03) 569-576 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-9]9 

Fernandez-Miranda JC, 


Engh JA, 


Pathak SK. 

, et al.  High-definition fiber tracking guidance for intraparenchymal endoscopic port surgery. J Neurosurg 2010; 113 (05) 990-999 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-10]10 

Little AS, 


Liu S, 


Beeman S. 

, et al.  Brain retraction and thickness of cerebral neocortex: an automated technique for detecting retraction-induced anatomic changes using magnetic resonance imaging. Neurosurgery 2010; 67 (3, Suppl Operative): ons277-ons282 ; discussion ons282 





PubMedGoogle Scholar





	
[bookmark: JR161637oa-11]11 

Engh JA, 


Lunsford LD, 


Amin DV. 

, et al.  Stereotactically guided endoscopic port surgery for intraventricular tumor and colloid cyst resection. Neurosurgery 2010; 67 (3, Suppl Operative): ons198-ons204 ; discussion ons204–ons205 





PubMedGoogle Scholar





	
[bookmark: JR161637oa-12]12 

Raza SM, 


Recinos PF, 


Avendano J, 


Adams H, 


Jallo GI, 


Quinones-Hinojosa A. 

Minimally invasive trans-portal resection of deep intracranial lesions. Minim Invasive Neurosurg 2011; 54 (01) 5-11 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR161637oa-13]13 

Abraham RG, 


Kumar NK, 


Chacko AG. 

A minimally invasive approach to deep-seated brain lesions using balloon dilatation and ultrasound guidance. Minim Invasive Neurosurg 2003; 46 (03) 138-141 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR161637oa-14]14 

Kassam AB, 


Engh JA, 


Mintz AH, 


Prevedello DM. 

Completely endoscopic resection of intraparenchymal brain tumors. J Neurosurg 2009; 110 (01) 116-123 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-15]15 

Camacho A, 


Kelly PJ. 

Volumetric stereotactic resection of superficial and deep seated intraaxial brain lesions. Acta Neurochir Suppl (Wien) 1992; 54: 83-88 





PubMedGoogle Scholar





	
[bookmark: JR161637oa-16]16 

Morita A, 


Kelly PJ. 

Resection of intraventricular tumors via a computer-assisted volumetric stereotactic approach. Neurosurgery 1993; 32 (06) 920-926 ; discussion 926–927 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-17]17 

Hirsch JF, 


Sainte-Rose C. 

A new surgical approach to subcortical lesions: balloon inflation and cortical gluing. Technical note. J Neurosurg 1991; 74 (06) 1014-1017 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-18]18 

Yadav YR, 


Yadav S, 


Sherekar S, 


Parihar V. 

A new minimally invasive tubular brain retractor system for surgery of deep intracerebral hematoma. Neurol India 2011; 59 (01) 74-77 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-19]19 

Zhong J, 


Dujovny M, 


Perlin AR, 


Perez-Arjona E, 


Park HK, 


Diaz FG. 

Brain retraction injury. Neurol Res 2003; 25 (08) 831-838 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-20]20 

Levine NB, 


Collins J, 


Franz DN, 


Crone KR. 

Gradual formation of an operative corridor by balloon dilation for resection of subependymal giant cell astrocytomas in children with tuberous sclerosis: specialized minimal access technique of balloon dilation. Minim Invasive Neurosurg 2006; 49 (05) 317-320 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR161637oa-21]21 

Cokluk C, 


Aydin K, 


Senel A, 


Iyigun O. 

Transparent microballoon dissection in the surgical treatment of brain tumors. Minim Invasive Neurosurg 2004; 47 (02) 127-129 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR161637oa-22]22 

Madrazo I, 


Franco-Bourland R, 


Aguilera M, 


Reyes P, 


Guízar-Sahagún G. 

Balloon needle for the atraumatic transcortical ventricular approach: technical note. Surg Neurol 1990; 33 (03) 226-227 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-23]23 

Shahbabian S, 


Keller JT, 


Gould III HJ, 


Dunsker SB, 


Mayfield FH. 

A new technique for making cortical incisions with minimal damage to cerebral tissue. Surg Neurol 1983; 20 (04) 310-312 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-24]24 

Underwood CK, 


Kurniawan ND, 


Butler TJ, 


Cowin GJ, 


Wallace RH. 

Non-invasive diffusion tensor imaging detects white matter degeneration in the spinal cord of a mouse model of amyotrophic lateral sclerosis. Neuroimage 2011; 55 (02) 455-461 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-25]25 

Bazarian JJ, 


Zhong J, 


Blyth B, 


Zhu T, 


Kavcic V, 


Peterson D. 

Diffusion tensor imaging detects clinically important axonal damage after mild traumatic brain injury: a pilot study. J Neurotrauma 2007; 24 (09) 1447-1459 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-26]26 

McNab JA, 


Jbabdi S, 


Deoni SC, 


Douaud G, 


Behrens TE, 


Miller KL. 

High resolution diffusion-weighted imaging in fixed human brain using diffusion-weighted steady state free precession. Neuroimage 2009; 46 (03) 775-785 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-27]27 

Miller KL, 


McNab JA, 


Jbabdi S, 


Douaud G. 

Diffusion tractography of post-mortem human brains: optimization and comparison of spin echo and steady-state free precession techniques. Neuroimage 2012; 59 (03) 2284-2297 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-28]28 

Caverzasi E, 


Mandelli ML, 


DeArmond SJ. 

, et al.  White matter involvement in sporadic Creutzfeldt-Jakob disease. Brain 2014; 137 (Pt 12): 3339-3354 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-29]29 

Martino J, 


De Witt Hamer PC, 


Berger MS. 

, et al.  Analysis of the subcomponents and cortical terminations of the perisylvian superior longitudinal fasciculus: a fiber dissection and DTI tractography study. Brain Struct Funct 2013; 218 (01) 105-121 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-30]30 

Moll NM, 


Rietsch AM, 


Thomas S. 

, et al.  Multiple sclerosis normal-appearing white matter: pathology-imaging correlations. Ann Neurol 2011; 70 (05) 764-773 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-31]31 

Seehaus AK, 


Roebroeck A, 


Chiry O. 

, et al.  Histological validation of DW-MRI tractography in human postmortem tissue. Cereb Cortex 2013; 23 (02) 442-450 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR161637oa-32]32 

Budde MD, 


Shah A, 


McCrea M, 


Cullinan WE, 


Pintar FA, 


Stemper BD. 

Primary blast traumatic brain injury in the rat: relating diffusion tensor imaging and behavior. Front Neurol 2013; 4: 154 





PubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 3.91.10.104
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  