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SPINAL CORD ARTERIOLAR NETWORK



Spinal cord perfusion pressure (SCPP)
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Experimental Segmental Artery 
Occlusion
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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



IMPLICATION:
STAGED THERAPY



Staged therapy

1

100% recovery! 
II2



Total segmental artery occlusion: regeneration of arterial perfusion 
within 5 days— with staged approach: ZERO PARAPLEGIA

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



staging: open



With a staged approach, extensive 

segmental artery sacrifice is 

possible  with zero  paraplegia !



staging: endovascular





MIS²ACE: ‘Minimally invasive staged
segment artery coil embolization’

Minimally invasive coil deployment - schematically Coil-occluded (right) / patent SA (left)





Preemptive Conditionig with Minimally Invasive Segmental Artery 
Coilembolisation (MISACE) prevents SCI 

zero paraplegia after coil embolization



no histologic damage in coiled areas ! 

MIS²ACE: safety



‚…several important breakthroughs relating to managing

and preventing spinal cord injury have been simultaneously

brought together with the MISACE technique.‘



1 staged preconditioning  — now clinically available

2 staging with only 1-3 sessions in the cath lab 

3 reduced steal / clean OR field / shorter OR times

4 reduction of type II endoleakage after endo repair 

MIS²ACE







Principal Investigator:  Christian D. ETZ 





16.  DE: Munich
17.  DE: Warsaw



Aachen

Bern

Essen

Freiburg

Hamburg

Hanover

Heidelberg

Innsbruck

Leipzig

Munich

Münster

Nuremberg

Vienna

1: Aachen
2: Bern
3: Essen
4: Freiburg
5: Hamburg (UKE)
6: Hanover (MHH)
7: Heidelberg
8: Innsbruck
9: Leipzig
10: Munich
11: Münster
12: Nuremberg
13: Vienna
14: Regensburg

Regensburg



…	largest publicly funded RCT	in	aortic aneurysm repair

• 17	(+14)	Aortic Reference	Centres

• prospectively collect contemporary real-world
data on	SCI	incidence (type	II,	III;	open	+	endo)

• comparing ‚staged‘	vs.	‚conventional‘	approach

• evaluating effectiveness of MISACE:
– SCI	prevention &	endoleak type	II	prevention





Contemporary Spinal Cord Protection 
During Thoracic and Thoracoabdominal Aortic Surgery 

and Endovascular Aortic Repair: 
A Position Paper

Christian D. Etz 1ì on behalf of
the Vascular Domain of the EACTS



delayed paraplegia –
p.o. hemodynamic management !



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 ± 38.9 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 
“Griepp/Etz Observation”

COURTESY OF JOE BAVARIA



Postoperative corrected SCPP
(SCPP minus CSF pressure)

hours postoperatively
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p= .016 ONE CASE OF PARAPLEGIA!



RETROSPECTIVE CLINICAL ANALYSIS

Ø 10 MATCHED CONTROLS

PARAPLEGIA RATE 3.7% (N=31)

> 800 TAA/A REPAIRS

16 YR PERIOD (1990 – 2006)

Ø 10 CASES DELAYED-ONSET

PARAPLEGIA

*SSEPs unchanged 
= Ø intra-op SPI*



NO DIFFERENCES IN MAP LOWER rMAP !

POSTOPERATIVE HEMODYNAMICS 
MAP              AND rMAP

100%

80%

(p=.03)



spinal cord monitoring



Spinal	cord	monitoring

SSEP= Somatosensory evoked potentials; MEP=Motor evoked potentials
SCPP=Spinal cord perfusion pressure; cnNIRS=near-infrared spectroscopy of the collateral network



?
=	LIGHT	(!)

Near Infrared Spectroscopy



Near-infrared	spectroscopy	(NIRS)

cnNIRS cnNIRS



Non-invasive, clinical real-time monitoring

1. Etz et al., Eur J Vasc Endovasc Surg. 2013 Dec;46(6):651-6
2. Etz et al., Eur J Cardiothorac Surg. 2015 Jun;47(6):943-57

Pilot series1 Validation2



Collateral	Network	vs.	Spinal	Cord

Paraspinous CN oxygenation directly 
reflects spinal cord tissue oxygenation

CN	oxygenation Spinal	cord	oxygenation



Non-invasive	cnNIRS

Question: lumbar cnNIRS = Spinal cord oxygenation? ☐þ

Lumbar	cnNIRS
Lumbar	spinal	cord	oxygenation



cnNIRS vs.	Spinal	Cord	Oxygenation

cnNIRS Spinal	cord	oxygenation

lumbar cnNIRS directly reflects
spinal cord tissue oxygenation


