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• Simple cross-clamping

• Atrio-femoral left bypass

• PARTIAL CPB

(fem-fem >> Pulm A or LRV – fem A)

• DHCA

Methods of protection / clamping

DHCA Advantages DHCA Drawbacks

Routine technique of open 
repair

Coagulation 
disorders

Bloodless operative field Respiratory

complications

Avoid proximal aortic control 
and clamping

Spinal cord and visceral
protection



No technical possibility of 

sequential clamping

Critical segmental arteries

supplying the spinal cord close to 

the visceral arteries

Sequential clamping

Selective visceral perfusion



Preservation of spinal cord blood supply



Prevention of spinal cord ischemia





• Spinal cord blood supply imaging: arterio-CT-scan (except emergencies and most type IV TAAs)

• Reattachment of critical arteries

• CPB (with or without mild hypothermia or DHCA)

• Spinal fluid drainage

• Blood pressure monitoring  / peroperatively and during ICU stay

Prevention of spinal cord ischemia: 

current Pitie-Salpetriere protocol



Anesth Analg 2017



Open repair yields respectable results to 

which endo should now be compared with

…/...

…/... with no compromise regarding

the long-term efficiency







Use of the elephant trunk technique



Use of the (frozen) elephant trunk technique

A B



What to expect from new 

techniques for open repair?



Prevention of spinal cord ischemia

• There is still no definite prevention strategy for SCI, either

for open or endo repair

• Improvement in CSF Drainage

• Better comprehension of spinal cord blood supply

• Preconditioning the collateral network

• Staged repair (even for open repair?)
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



CSF Drainage / pressure and volume control



The AKA

T9-T12 75%

T8-L3 15%

L1-L2 10%

Adamkiewicz A. Die Blutgefasse des Menschlichen Ruckenmarkes, Krakau, 1881

Gustavo S. Endovascular Aortic Repair: Current Techniques with Fenestrated, Branched and Parallel Stent-Grafts. Chapter 47 2017

Griep RB et al. Ann Thorac Surg 2007

Czerny et al. J Endovasc Ther 2012

Gustavo S. Endovascular Aortic Repair: Current Techniques with Fenestrated, Branched and Parallel Stent-Grafts. Chapter 47 2017

Etz et al. Thorax Cardiovasc Surg 2012

Better comprehension of spinal cord

blood supply

4 independent contributors 

spinal blood flow

• Left subclavian 

artery

• Intercostal artery

• Lumbar artery

• Hypogastric artery

3 compartments

• Interspinal

• Paraspinal intramuscular

• Paraspinal extramuscular



Priming collateral regeneration





The MISACE (Minimally Invasive Segmental Artery Coil Embolisation) concept

Zero paraplegia after coil embolization 

in a pig model

Geisbusch et al. J Thorac Cardiovasc Surg 2014

Etz et al. J Thorac Cardiovasc Surg 2015



Coils-technique Plug-technique

Require larger catheters - stable position

MISACE: technical aspects
Etz et al. J Thorac Cardiovasc Surg 2015



MIS2ACE Procedure: concept and clinical
application

Etz CD et al



• Selected, elective high SCI risk

• Under local anesthesia  

• Percutaneous trans-femoral access

• No CSF-drainage

• Clinical monitoring of the patients neurologic function 

for 72h

• After 1-3 MIS²ACE sessions  proceed to open- or 

endovascular TAAA repair

MIS2ACE Procedure: technical aspects



Staged repair ( for open ?)

90 patients

% SCI: Single stage: 15%

Staged: 0%



Staged open repair



Staged hybrid repair



Staged hybrid repair



Renal dysfunction is linked with

mortality…
Welten et al. Am J Kidney Dis 2007

. Direct or bypass reattachment of 

all renal arteries

. Kidney perfusion during ATA 

repair to assure cooling +/-

buffering?

. Blood / Crystalloid / Custodiol ?



Renal protection: 104 pts

RINGER GROUP (54 pts)
(April 2008 – August 2009)

The last consecutive TAAA with Ringer

CUSTODIOL GROUP (50 pts) 
(September 2009 – December 2011)

The first consecutive TAAA with Custodiol

Tshomba, […] & Chiesa.  J  Vasc Surg 2014



Renal protection: Short-term outcomes
Tshomba, […] & Chiesa.  J  Vasc Surg 2014

Total                          

(n = 84)

Ringer group

(n = 42)

Custodiol group

(n = 42)
p value

Acute Kidney Injury (AKI) 64 (76.2%) 38 (90.5%) 26 (61.9%) 0.002

Total renal ischemic time, min, mean 

± SD
47.9 ± 16.61 43.6 ± 15.99 51.5 ± 16.48 0.053



CURITIBA TRIAL (adapted from Tshomba Y.)

ClinicalTrials.gov Identifier: NCT  02327611

CURITIBA TRIAL
Prospective, Randomized & Double-blinded  

Non-Inferiority Trial  (Off-label Use)  

http://clinicaltrials.gov/


• TAAA surgery probably remains « the most complex » among cardiovascular surgery

• Improving results of open TAAA surgery implies to improve both surgical and anesthesiological

levels

• New insights regarding SCI protection, especially developed for endo procedures, should also be

considered for open repair

• Better prevention of renal dysfunction is still assessed by ongoing studies

• Selecting patients for a tailored technique (open, endo, hybrid, staged, …) implies that patients 

should be refered in large volume centers which include specialists dedicated to each techniques

Conclusions


