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Experimental Investigation

Introduction

Endovascular strategies for the treatment of proximal tho-

racic aortic pathologies are increasingly applied in regular 

clinical practice. In the descending aorta, thoracic endovas-

cular aortic repair (TEVAR) is considered the gold standard 

and has replaced open surgical therapy due to reduced mor-

tality and morbidity.1,2 Clinical experience is also increasing 

in endovascular treatment of pathologies involving the aor-

tic arch and the ascending aorta. These new minimally inva-

sive techniques broaden the spectrum of treatment options, 

especially for patients not suitable for open sur gery.3–5

Despite an overall decrease in morbidity and mortality 

due to the use of endovascular techniques, stroke remains a 

major drawback of TEVAR, with reported frequencies of 

2.3% to 8.2% for standard tubular TEVAR and as high as 

16% for more complex procedures.6,7 The general hypoth-

esis for the origin of stroke is release of atherosclerotic par-

ticles during wire manipulation and graft deployment, but 

this theory is not verified in studies of TEVAR procedures 

and does not explain the incidence of stroke in younger 

TEVAR patients without relevant atherosclerotic disease.

Another potential source of stroke is embolism of air 

released during graft deployment. Air has been identified as 

the source of neurological deficits after other procedures, 

such as coronary artery bypass grafting, endoscopy, and 

interventional procedures,
8–10 although the etiology of 

stroke might be different compared to TEVAR. The role of 

air embolism in TEVAR is not well studied, but it may play 

an important role, especially for the frequent clinically 

silent lesions present on diffusion-weighted magnetic 
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Abstract

Purpose: To investigate the amount of gas released from Zenith thoracic stent-grafts using standard saline flushing vs the 

carbon dioxide flushing technique. Methods: In an experimental bench setting, 20 thoracic stent-grafts were separated into 

2 groups of 10 endografts. One group of grafts was flushed with 60 mL saline and the other group was flushed with carbon 

dioxide for 5 minutes followed by 60 mL saline. All grafts were deployed into a water-filled container with a curved plastic 

pipe; the deployment was recorded and released gas was measured using a calibrated setup. Results: Gas was released from 

all grafts in both study groups during endograft deployment. The average amount of released gas per graft was significantly 

lower in the study group with carbon dioxide flushing (0.79 vs 0.51 mL, p=0.005). Conclusion: Thoracic endografts release 

significant amounts of air during deployment if flushed according to the instructions for use. Application of carbon dioxide 

for the flushing of thoracic stent-grafts prior to standard saline flush significantly reduces the amount of gas released durin g 

deployment. The additional use of carbon dioxide should be considered as a standard flush technique for aortic stent-grafts, 

especially in those implanted in proximal aortic segments, to reduce the risk of air embolism and stroke.
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Technical Note

Introduction

After more than 20 years, thoracic endovascular aortic repair 

(TEVAR) is now the treatment of choice for thoracic aortic 

aneurysm and dissection, offering a clear benefit, with lower 

mortality and morbidity compared with open surgical 

repair.1–3 TEVAR involves implanting tubular stent-grafts 

that are produced, constrained, and packed in gas-permeable 

packaging under room air conditions, so air-filled spaces 

exist within the constraining sleeve, delivery sheath, and the 

introducing catheter assembly. The assemblies are sterilized 

using an ethylene oxide gas mixture4 that is removed by 

repeated vacuum and room air ventilation. As a result, the 

sterilized devices are delivered filled with room air .

Room air is typically removed from stent-grafts and their 

introducing catheter assemblies prior to introduction into 

the vasculature according to the instructions for use (IFU) 

by flushing the sheath in which the assembly is loaded with 

an isotonic solution, such as a 0.9% saline solution. The 

degree to which the air is removed by this saline flushing 

technique and the volume of air released into the vascula-

ture are not known yet.

It is well recognized that TEVAR involves a significant 

risk for stroke, which has been reported to be 2% to 6%5 and 

up to 10% in some studies.6 Stroke is the major drawback of 

this technique. In more complex endovascular procedures 

of aortic arch pathologies, stroke rates have been reported 

to be up to 16%.7 The pathomechanism of stroke during 

TEVAR is not sufficiently recognized. Generally, it is 

thought to be embolization of thrombotic and atheroscle-

rotic material from the vessel wall caused by wire manipu-

lation and “violent” apposition of the stent-graft on the 

aortic wall during deployment or repositioning.8 This 

hypothesis has, however, never been supported by studies.

Another potential source of stroke is air embolism fol-

lowing release of trapped air from the stent-graft during 

deployment. Air embolism into the cerebral vasculature has 

been identified as the source of neurological deficits during 

coronary artery bypass grafting, endoscopy, and interven-

tional procedures.9–11 The hypothesis that air embolism 
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Abstract

Purpose: To describe the technique of carbon dioxide (CO
2
) flushing of thoracic stent-grafts to reduce the risk of 

cerebral air embolism. Technique: To remove room air, thoracic stent-grafts were preoperatively flushed 2 minutes with 

carbon dioxide from a cylinder connected to the flushing chamber of the captor valves of Zenith custom-made endografts; 

this was followed by the standard saline flush. Thirty-six patients undergoing thoracic endovascular aortic repairs (TEVAR) 

involving the ascending aorta and the aortic arch received CO
2
-flushed Zenith endografts. One patient with a highly 

calcified arch experienced a minor stroke. Conclusion: Arterial air embolism is a potentially underappreciated problem 

of aortic endografting, especially in the proximal segments of the aorta. CO
2
 flushing may have the potential to reduce air 

embolization during TEVAR.
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Experimental Investigation

Introduction

Stroke is one of the major complications that may occur 

during thoracic endovascular aortic repair (TEVAR), with 

reported rates up to 16% for complex procedures.1 In addi-

tion to particles from atherosclerotic plaques, air release 

from thoracic stent-grafts during deployment may cause 

embolism to cerebral arteries.2 The carbon dioxide (CO
2
) 

flushing technique can be applied to reduce the amount of 

air released during stent-graft deployment. This technique 

is associated with a lower stroke rate in complex TEVAR, 
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Abstract

Purpose: To investigate the influence of (1) an additional side port for flushing the hollow pusher in Zenith thoracic 

stent-graft delivery systems and (2) additional carbon dioxide flushing on the amount of air released during stent-graft 

deployment. Methods: Twenty thoracic stent-grafts with an additional flush port to fill the hollow pusher were separated 

into 2 equal groups (C and D). Both groups were flushed with 20 mL of normal saline through the extra side port connected 

to the pusher and with 60 mL of saline through the regular flushing port. One group of grafts (group D) was additionally 

flushed with carbon dioxide through the regular flushing port prior to saline. All grafts were deployed into a curved plastic 

pipe attached to the bottom of a water-filled container. The released gas was recorded and measured using a calibrated 

setup. To evaluate the influence of the extra side port irrespective of the carbon dioxide flushing technique, group C was 

compared with a previously published reference group A without an extra side port that was flushed with the standard 

60 mL of saline. Results: Volumes of gas were released in various amounts from the stent-grafts during deployment. The 

average amount of released gas was 0.51 mL in group C and 0.07 mL in group D (p<0.001). The mean amount of gas 

from group C samples (0.51 mL) was also significantly lower (p=0.002) compared with the reference group (0.79 mL). 

Conclusion: Thoracic endografts release air during deployment. Reducing the air-filled space inside the pusher of the 

catheter assembly using an additional side port can significantly reduce the amount of released air. Using the extra side port 

in combination with the carbon dioxide flushing technique reduces gas release further to small volumes. In a clinical setting 

this could be a promising approach to lower the risk of air embolism and stroke during thoracic endovascular aortic repair.
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BACKGROUND

• Low profile Device
• Navigate in the center line



SINGLE BRANCH DEVICE

20f Low Profile

Designed for safety

Simple and controlled 2-stage procedure

Since neurological complications are among the most  

devastating complications of TEVAR in the arch, NEXUSTM  

has been designed with many features to minimize this risk.

 

(and left subclavian) artery is rerouted, followed later by the endovascular stage.

Main Module  

deployment

Ascending Module  

insertion & positioning

Ascending Module  

deployment

Final result

The main body is advanced using a 

through-and-through technique  

between the main access and the right 

subclavian artery, avoiding manipulation 

in the right common carotid artery

 

Can be introduced in vessels diameter 

as small as 7 mm reducing concerns for 

access complications

Pre-curved Ascending 

Module delivery system

 

Dual High Flush ports maximise clearance  

of residual air from delivery system

Pre-shaped Main Module  

delivery system

NEXUS™



DATA

STUDY DESIGN

Prospective cohort
28 patients 

From first-in-man
(FIM n=18) study (NCT02365454) or as 
compassionate use (n=10) with 
systematic data collection 
(NCT03420066)



DATA @ 3 YRS

OUTCOMES-SAFETY
0-30 days 

(n=28)
31d-1y
(n=26)

1-3year
(n=25)

Total
(n=28)

Overall mortality 2 (7.1%) 1 (3.8%) 5 (20%) 8 (28.6%)

Device related mortality 0 0 0 0

Procedure related mortality 2 (7.1%) 1 (3.8%) 0 3 (10.7%)

Post-op aneurysm related mortality 0 0 0 0

Any stroke 2 (7.1%) 0 0 2 (7.1%)

Disabling stroke 1 (3.6%) 0 0 1 (3.6%)

Renal failure (new onset, requiring dialysis) 1 (3.6%) 0 0 1 (3.6%)

Paraplegia 0 0 0 0

Myocardial infarction 0 0 0 0

Unplanned procedure or device related reintv. 2 (7.1%) 1 (3.8%) 5 (20%) 8 (28.6%)



SINGLE VS DOUBLE BRANCH



SINGLE VS DOUBLE BRANCH



• Single Branch Endograft Seems to Reduce post-op. CVA

• Low profile: 20 Fr

• Pre curved design

• Two flushing ports (CO2)

• Brachio-femoral through and through

• SAT Debranching

CONCLUSIONS
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