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Making sense of the evidence for staging

and spinal cord conditioning: myth and reality

(including embolization of intercostals)



Ischemic Spinal Cord Injury

no definite 

prevention strategy

ð essential for safe open and 

endovascular repair 1,2

1 Coselli, LeMaire. Descending and Thoracoabdominal Aortic Aneurysms. In: Lh C, ed. Cardiac Surgery in the Adult. New York: McGraw-Hill; 2008:1277-98.

2 Etz CD et al. Spinal cord perfusion after extensive segmental artery sacrifice: can paraplegia be prevented? Eur J Cardiothorac Surg 2007;31(4):643-8.



óIf the theory does not fit the facts ð

too bad for the factsô 







EXPECTED PARAPLEGIA RATE: 57%



EXPECTED PARAPLEGIA RATE: 57%

patient # I

intraoperative dissection and 

occlusion of both common 

iliac arteries



EXPECTED PARAPLEGIA RATE: 57%



EXPECTED PARAPLEGIA RATE: 57%

patient # II

respiratory arrest 3 weeks p.o.

C P R in rehabilitation hospital

normal cerebral function, 

but permanent paraplegia



100 pts, 8.0 Ñ2.6 SA pairs sacrificed:

paraplegia rate: 2%  (!)

not explained by 

Adamkiewiczôs 

Artery !



ß Ü ɞɽ ɿɰʃɸɴɽʃʂ ʆɸʃɷ ɩɖɖɖ, ɼɾʂʃ ɸɽʃɴʁɲɾʂʃɰɻ ɰɽɳ ɻʄɼɱɰʁ ɰʁʃɴʁɸɴʂ 
are occluded and spinal cord perfusion depends on an 
eminent collateral network.Ü



ß Üəʄʁɸɽɶ ɰɽɳ ɰɵʃɴʁ ɰɾʁʃɸɲ ɰɽɴʄʁʈʂɼ ʁɴɿɰɸʁ, ʃɷɴ spinal cord 
blood supply may crucially depend on collateral arteries.Ü



óIf the theory does not fit the facts ð

change the factsô  

A. Einstein



Yorkshire pigs 

(N = 20)

Experimental Serial 

Segmental Artery Occlusion



after ALL clamped
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Blood flow recovery starts  

within hours after SA 

occlusion!



IDEA:

PRECONDITIONING













Etz et al., J Thorac Cardiovasc Surg. 2011 Apr;141(4):1029-36

Etz et al., J Thorac Cardiovasc Surg. 2015 Apr;149(4):1074-9



Significant Enlargement of lower 

thoracic and lumbar collaterals



IMPLICATION:

THE STAGED REPAIR



conventional approach

paraplegia rate: 20-30% 



The staged repair

1

100% recovery! 

II2



After total SA Occlusion: regeneration of arterial perfusion in 5 days ð

Ą staged repair =  zero paraplegia

Etz et al. J Thorac Cardiovasc Surg. 2010 Dec;140(6 Suppl):S125-30





Minimally invasive 

Segmental artery coil embolization

Minimallyinvasivecoildeployment- schematically Coil-occluded(right)/ patentSA(left)





Hypothesis:  Preemptive Conditionig with Minimally Invasive Segmental 

Artery Coilembolisation (MISACE) may help to prevent SCI 



no histologic damage in coiled areas ! 

MISACE: safety



MISACE technique



MISACE proof of concept ï

āFIRST-IN-MANó 



Etz et al. J Thorac Cardiovasc Surg. 2015 Apr;149(4):1074-9



MISACE

Å right common femoral access (6F braided sheath, 

Flexor, Cook Medical, Bjaeverskov, Denmark) 

Å 4th SA catheterized (5F, 65cm C2-catheter, Cook Medical, 

Bjaeverskov, Denmark and 2.7F Progreat microcatheter, Terumo 

Europe, Leuven, Belgium) 

Å Deployment of microcoils in the proximal SA 

Endovascular repair 
2nd-stage

Å 8 week interval

Å Endo repair with a four-branched stent-

graft (T-branch, CE-marked, Cook Medical, 

Bjaeverskov, Denmark) in general anesthesia with 

adjunctive CSF-drainage

Å all remaining open SAs between the T7 

and the infrarenal aorta occluded w/o 

endoleakage

discharged home w/o neurologic deficit

on POD #8





1 staged preconditioning  ð now clinically available

2 staging with only 1-2 sessions in the cath lab 

3 reduced steal / clean OR field / shorter OR times

4 reduction of type II endoleakage after endo repair 



āThereareseveralimportant breakthroughs relating

to managingandpreventing spinal cord injury that

havebeensimultaneouslybrought togetherwith the

MISACE technique.ó



multicentre, open label, randomized 

controlled clinical trial 

PAPA_ARTiS



Paraplegia Prevention in Aortic Aneurysm Repair by Thoracoabdominal Staging

with óMinimally-Invasive Segmental Artery Coil-Embolization (MISACE)ô:  

A multicentre randomized controlled trial (PAPA_ARTiS) 



PAPA_ARTiS

GERMANY     
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4: Freiburg
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9: Leipzig

10: Munich

11: Münster
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13: Vienna



PAPA_ARTiS  EUROPE (Horizon 2020) 



Ultimate goal: Translation of the āstaged repairó concept into

clinical practice to achieve

ZERO PARAPLEGIA in 

open and endo TAA/A repair



DISCUSSION



Immediate spinal cord blood flow backup

(Kari et al.)



Department of Surgery, University of Pennsylvania Health System
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ONSET TIME OF POSTOPERATIVE PARAPLEGIA

Days (0) (2.1) (4.2) (6.3) (8.3) (10.4)

2nd Episode

2nd Episode

Emergence

Emergence

Emergence

Mean:  36.8 Ñ38.9 hrs (1st Episode)

Median: 21.6 hrs (1st Episode)

7.3 Days or 176 hrs (2nd episode)  

Concept: Delayed Paraplegia, timing of delayed paraplegia, and clinical support of the 

ñGriepp/Etz Observationò

COURTESY OF JOE BAVARIA



INCIDENCE 



Open Surgery year N
DT

A
Type 

I

Type 

II

Type 

III

Type 

IV

Greenberg et al 2008 372 1% 14% 22% 10% 2%

Conrad et al 2008 471 7% 24% 20% 13% 2%

Fehrenbacher 2010 343 1% 4.3% 5.4% 3.1% 0%

Coselli et al. 2007 2286 # 3.3% 6.3% 2.6% 1.4%

Bavaria et al 2007 94 14% # # # #

Zoli et al 2010 609 2.3% 2.5% 11.5% 3.9% 2.2%

Sundt et al 2011 99 3% 0% 0% 0% 0%

Schepens et al 2009 571 Paraplegia 5.3%, paraparesis 3%

Inzidenz der Paraplegie offene Chirurgie



Inzidenz der Paraplegie Endo / Stentgraft

endo Year N DTA Type I Type II Type III Type IV

Greenberg 

et al.3 **

2008 352
1% 10% 19% 5% 3%

Gravereau

x et al.4
2001 53

5.7% # # # #

Conrad et 

al.

2008 105
7% # # # #

Bavaria et 

al.5
2007 140

3% # # # #

** ñThe severity of the SCI (paraplegia versus paraparesis) and the potential for recovery did not differ between treatment modalities 

é SCI was more commonly noted immediately  after OPEN REPAIR (29% versus 13%) and in a delayed presentation (up to 6 

days)after ERò



Aortic X-clamping          vs.     Segmental Artery

Occlusion

= !

open repair endovascular



Retrospective clinical data:  significant lower incidence of SCI with 

óstaged repairô (= staged occlusion of SAs)

Etz et al. J Thorac Cardiovasc Surg. 2010 Jun;139(6):1464-72.



X-clamping



Segmental 

Artery Occlusion

Aortic X-

clamping 

1 2

ischemic Spinal Cord Injury



xAortic X-clamping

Ą open TAA/A repair



SPINAL CORD BLOOD FLOW
prior to, during and after SCP @ 28ºC

desc X-clamp:

NO flow 

below T8 

baseline flow



Human vs. pig



HUMAN   vs   PIG




