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Orientation of the Paraspinous Collateral Network
Arterioles prior to and after complete SA sacrifice

N 5 days after SA sacnfice
1 native (all SAs patent)
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IMPLICATION:
STAGED THERAPY
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CNP in 7% MAP

Total segmental artery occlusion: regeneration of arterial perfusion
within 5 days \

Postoperative Collateral Network Pressure (CNP)
in % of MAP
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staging: open
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Extent of Segmental Artery Sacrifice in each Patient
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Level of Sacrifice

c’f With a staged approach, extensive

segmental artery sacrifice is

possible with zero paraplegia!
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PARAPLEGIA = PARAPLEGIA
PARAPARESIS 8/99 P =0.02 FYYNVITRaREcS

== SA sacrificed during PREVIOUS procedure

mmm SA sacrificed
wsa Procedure with Hypothermic Circulatory Arrest




staging: endovascular




B. Maurel“, N. Delclaux °, J. Sobocinski °, A. Hertault °, T. Martin-Gonzalez °, M. Moussa °, R. Spear °, M. Le Roux °, R. Azzaoui -, group 1

M. Tyrrell %, S. Haulor Conventiona| endo

G sk Staged and adjunctive procedures to preserve spinal cord
flow in group 2

WHA1 0
¢ Following the demonstration of the potentially beneficial 14.0% SCI
~ effects of a staged repair to encourage spinal cord pre-
conditioning during extensive TAAA repair,“ the thoracic
endovascular component was implanted during the first group 2

~ procedure in all cases in which the anatomy was suitable
(Le., when a distal sealing zone with a maximum diameter

<42 mm was present). Every effort was made to maintain
 the perfusion of at least one internal iliac artery (lIIA); if
.. required, iliac branched devices were employed. When left
 subclavian artery (LSA) coverage was deemed necessary for
proximal seal, carotid subdavian transposition or bypass

~ was performed as an initial procedure. These “first stage”

o procedures were performed 6—10 weeks before definitive
' TAAA repair.

+ lower limb perfusion

+ post op maintanance
of high blood pressure

+ staged procedure

1.2% SCI
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MIS*ACE: ‘Minimally invasive staged
segment artery coil embolization’

T2 0B 43 ¢ F
Coil-occluded (right) / patent SA (left)
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é/ Hamburg

UNIVERSITAT LEIPZIG
ERZZ

H Z

ENTRUM



First-in-man endovascular preconditioning of the paraspinal
collateral network by segmental artery coil embolization
to prevent ischemic spinal cord injury

Christian D. Etz, MD. PhD.” E. Sebastian Debus. MD. PhD."” Friedrich- Wilhelm Mohr. MD. PhD.” and
Tilo Kolbel, MD. PhD"

e Universitares Herzzentrum
Hamburg
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Preemptive Conditionig with Minimally Invasive Segmental Artery
Coilembolisation (MISACE) prevents SCI

J Thorac Cardiovase Swg 2014 Jenuary | 1870 1) 220236, dov 10,1016/ jiovs. 2013 06 (122

Endovascular Coil Embolization of Segmental Arteries Prevents
Paraplegia After Subsequent TAAA Repair — An Experimental
Model

2 Gelcblcon, MD', A 2tefanovic’, JE Koruth, MD?, HM Lin, 30D°, & Morgelio, #D* DJ
Welcz, MD®, RE Griepp, MD', and G DI Luozzo, MD'

zero paraplegia after coil embolization
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MIS?ACE: safety
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Spinal cord damage was most prominent in the T9-T13 region. Almost no necrosis is seen
in the coiled region (T11-L3) for Group 2.

Geisbiisch et al.

no histologic damage in coiled areas !



EDITORIAL COMMENTARY

Setting the stage: Thoracoabdominal aortic aneurysm repair in 2 acts

Grayson H. Wheatley I1I, MD

See related article on pages 1074-9

Ischemic spinal cord injury associated with thoraco
nal aortic aneurysm (TAAA) repair remains a
concern in patients treated with either open sur

m;_\\
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Hamburg

of recruiting collateral channels for spinal cord perfusion
to compensate for loss of valuable intercostal arteries.”
However. the practicalities of staging aortic repair in

Editorial Commentary

Wheatley

cord ischemia. Perioperative adjuncts such as intraoperative

The third breakthrough represented by the MISACE tech-

endovasc
network
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From the Div]
Philadelph|
Disclosures:
Receiv ¢
available a

,...several important breakthroughs relating to managing
and preventing spinal cord injury have been simultaneously

brought together with the MISACE technique.*

CPITIE. Graysan 1. Whicatey T, M, Tanpic Cnivers
ne, 3401 N Broad St, 3d Fl, Zone C, Ste 301, Philadelphiag

Cardiovasc Surg 2015:149:1079-80
X
015 by The American Association for Thoracic Surgery

>
2014120 c

The Journal of Thorj

segmental arteries. Although this can be done with
percutaneous techniques using local anesthesia, the ability
to selectively cannulate a segmental artery is very intricate
and not simple. This is especially the case in patients
undergoing TAAA with tortuous anatomy and thrombus in
the aneurysm sac. The authors note that in 1 of their
patients, the tortuous iliac artery anatomy prevented them
from coil-embolizing a unilateral segmental artery.
Moreover, once the vessel is selectively cannulated, it is
important to preserve as much of the collateral network as
possible by only occluding the ostium of the segmental

artery. These techniques are not within the realm of

most aortic surgeons and frequently multidisciplinary
collaboration is required.

interventionalists. Etz and colleagues” have exposed a
new frontier in managing and helping prevent spinal cord
injury associated with TAAA repair.
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staged preconditioning — now clinically available

staging with only 1-3 sessions in the cath lab

reduced steal / clean OR field / shorter OR times

reduction of type Il endoleakage after endo repair










PAPAQrtis

fighting spinal cord injury

Paraplegia Prevention in Aortic Aneurysm Repair
by Thoracoabdominal Staging with ‘Minimally-
Invasive Segmental Artery Coil-Embolization
(MISACE)’: A randomized controlled multicentre
open-label trial (PAPA-ARTIS)

RESEARCH & INNOVATION

Participant Portal

Principal Investigator: Christian D. ETZ



PAPAartis

fighting spinal cord injury

First patient in to last patient out (months): 40
Trial duration Duration of the entire trial (months): 46
Recruitment period (months): 24

Independent radio-
logicial verification of
inclusion criteria

screenlng

& choice : Randomization
of open 5 stratified by
repair or | surgery/TEVAR
TEVAR
Efficacy: In the control arm success is expected in 75% of patients compared to 90% o
in the experimental (MISACE staging) arm. ;Iisation
Descngnon of the primary efficacy analysis and m@lanon Mixed logistic regfewon
To be assessed for eligibility: n = 450
Sample size To be assigned to the trial: n = 306

To be analysed: n = 160 (interim 1), 220 (interim 2), 275 (final)
Secongary engpoinis. Anaiysis O DINary ouicomes will De analogous 10 me primary dition
analysis. ICU time will be analysed with a linear mixed model. Re-operation and endo- ’
leak will be considered for the subgroups of surgery/TEVAR respectively.



PAPAartis

fighting spinal cord injury

CH: Bern

DE: Freiburg
DE: Hamburg
DE: Leipzig
FR: Bordeaux
FR: Lille

IT: Bologna

IT: Milan

NL: Maastricht
10. PL: Zabrze

11. SE: Malmo

12. SE: Orebro

13. UK: Liverpool
14. US: Houston
15. US: Philadelphia .

16. DE: Munich Figure 10 - Participating centres PAPA-ARTIS (EU, Switzerland and the US). Red stars represent recruitment centres and
17. DE: W the yellow stars represent the radiology core lab (Copenhagen, WP6) and the health economics group (Grenada, WP3).
. : Warsaw
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fighting spinal cord injury
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fighting spinal cord injury

e« largest publicly funded RCT in aortic aneurysm repair

% 17 (+14) Aortic Reference Centres

a4 prospectively collect contemporary real-world
" data on SCl incidence (type II, lll; open + endo)

% comparing ,staged’ vs. ,conventional‘ approach

% evaluating effectiveness of MISACE:
— SCI prevention & endoleak type Il prevention
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Contemporary Spinal Cord Protection
During Thoracic and Thoracoabdominal Aortic Surgery
and Endovascular Aortic Repair:
A Position Paper

European Journal of Cardio-Thoracic Surgery 47 (2015) 943-957 POSITION STATEMENT
doi10.1093/ejct/ezv1 42
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delayed paraplegia —
p.o. hemodynamic management !
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Mean: 36.8 = 38.9 hrs (1st Episode)
Median: 21.6 hrs (1st Episode)
'. e 7.3 Days or 176 hrs (2nd episode)
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Postoperative corrected SCPP
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RETROSPECTIVE CLINICAL ANALYSIS

SM

:ﬂ//\\’zﬁﬁ 16 YR PERIOD (1990 — 2006) MEDICIN
> 800 TAA/A REPAIRS

NN .
VNV PARAPLEGIA RATE 3.7% (N=31)

> 10 cases DELAYED-ONSET

PARAPLEGIA

> 10 MATCHED CONTROLS

40 ms

*SSEPs unchanged
= @ intra-op SPI*
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POSTOPERATIVE HEMODYNAMICS

MAP AND rMAP

Postoperative Mean Aortic Pressure (MAP)

—w¥— paraplegic (N=10)
—{— recovered (N=10)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

hours postoperatively

Mean Aortic Pressures In Relation
To Antecedent Baseline Systemic Pressures (rMAP)

—w— paraplegic (N=10)

— —— recovered (N=10)
| (p=.03)
3 IO R S e Vi 1007

9% _Yf":\‘_,.T ..w/'—_'_:‘— i 80%
J |

S
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rMAP lower in paraplegic vs recovered pts (overall p=,027)

* hours postoperatively

NO DIFFERENCES IN MAP

L OWER rMAP!




spinal cord monitoring



Spinal cord monitoring
SSEP 3 - .
MEP - - -

Direct SCPP -

Laser Doppler -

+ + +

+ + +

+ + + + +

+ + + +
.

cnNIRS -

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

cnNIRS cnNIRS

MSHESM




Non-invasive, clinical real-time monitoring

Pilot series' Validation?

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



Percent of baseline

Collateral Network vs. Spinal Cord
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Lumbar muscle oxygenation
(compared to baseline in percent)

Paraspinous CN oxygenation directly
reflects spinal cord tissue oxygenation
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Non-invasive cnNIRS

160 -
Lumbar cnNIRS
140 1 Y Lumbar spinal cord oxygenation
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Question: lumbar cnNIRS = Spinal cord oxygenation?




Percent of baseline
Lumbar spinal cord oxygenation

(compared to baseline in percent)

cnNIRS vs. Spinal Cord Oxygenation
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spinal cord tissue oxygenation



