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Open repair of the aortic arch and frozen elephant 
trunk (FET) with the Thoraflex (Terumo) device is often 

necessary and best; It an easily be combined with 
TEVAR: Indications and results
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J Thorac Cardiovasc Surg 2024;167:1680-92)

41% underwent 
Planned extension 

< 1 year

64% at 36 Months

Kreibich JTCVS 2020;159: 392-9

Endovascular      Open Surgical       Hybrid

Competing-Risks Regression 
for Reintervention
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Aortic reinterventions after the frozen 
elephant trunk procedure

N=24(69%)

Thoraflex Hybrid RelayPro NBS 
Extension Device

Approval: 
April 19, 2022

Expanded Indications Approval: 
March 7, 2023

• FET allows single stage approach
•Creates proximal landing zone for 

TEVAR if needed

RelayPro NBS is the only FDA approved EV solution 
for extension after FET with Thoraflex Hybrid device
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• Prospective, multicenter, 
   nonrandomized, single arm
• 200 subjects (minimum 65 with RelayPro NBS 
                           distal extension
• 50% subjects enrolled in US
• 55 sites (Europe/North America)
• 10-year Follow-up

5th May 2023

Study Endpoints
Primary Safety Endpoint:
• Permanent disabling stroke
• Grade 3 SCI: SVS reporting standards and occurring within 30 days
• All-cause mortality: Within 1 year of either procedure

Primary Effectiveness Endpoint:
Technical Success  w/absence of 
these at 1-YR:
• Lesion-related mortality
• Aortic rupture in the treated 

segment
• Lesion expansion

Site Reported. Preliminary Data. Data may change.Data cut of 16 Jul 2025

• Secondary interventions:
§ Stent graft-induced aortic 

wall injury
§ Fistula
§ Type I/III endoleak
§ Migration
§ Loss of Patency
§ Thromboembolic events
§ Failure of integrity

Study Enrollment/Subject Disposition
•FDA requirement 

for 150 patients 
with evaluable 

   5 year data

• 267 subjects enrolled 

• 53 subjects with an 
extension

• 41 with a RelayPro NBS 
extension

Site Institution Name                                                                          PI       Subjects Enrolled
025 UPMC Presbyterian Shadyside D Serna-Gallegos 36
017 Cedars-Sinai Medical Center P Catarino 24
001 University Heart Center Freiburg M Czerny 22
015 University of Pennsylvania W  Szeto 22
030 W ashington University & Barnes Jewish Hospital P Kachroo 20
022 University of Colorado T. Reece 16
016 St. Luke’s Medical Center/Baylor Houston (Common Spirit) J Coselli 13
029 Massachusetts General Hospital A Jassar 13
011 CHU de Toulouse – Hospital Rangueil X Chaufour 11
021 Northwestern University C Malaisrie 11
023 Keck hospital of USC F Fleischman 10
028 University of Alabama Birmingham K Eudailey 9
032 CHU Nantes B Maurel 8
041 Ascension St Vincent Heart Center S Moainie 8
020 Medstar W ashington Hospital C Shults 7
012 Universita' Di Bologna D Pacini 6
026 W eill Cornell Medicine C Lau 6
027 Hartford Hospital M Cheema 6
031 Oxford University Hospital NHS G Krasopoulos 6
037 University of Maryland H Massey 5
019 Duke University Medical Center C Hughes 3
068 Ascension Austin Texas/UT Dell Medical J Grimm 2
006 Universitätsklinik für Herzchirurgie J Steindl 1
033 University of Utah J Glotzbach 1
036 University Hospitals Bristol and W eston NHS Foundation Trust E M Ahmed 1
040 Southampton General Hospital A Modi 1

Primary indication of aneurysm 46.1% (123/267)

Fusiform 75.4% (92/122)

Saccular 24.6% (30/122)

Primary indication dissection 53.9% (144/267)

Chronic (>90 days) 56.9%

DeBakey Type I 61.9%

Malperfusion n=13

Previous aortic surgery 51.3% (134/261)

Involving ascending aorta 67.2% (90/134)

Extension procedure planned 41.6% 
(107/257)

Early Follow-up n=263

Demographics
% (n/N) or Mean ± SD (n)

Age (years) 
at Treatment 62.4 ± 10.9

Sex
Male 72.5% (189/261)

Race
Caucasian 70% (166/237)

ASA Grade 
≥IV 68% (176/259)

Subject Disposition

Procedural Characteristics (min)
General anesthesia 100%
CSFD 3.5% (9/255)
Cerebral perfusion 76.6 ± 93.1 (221)
ACP 67.2% (176/262)
CPB Time 208.7 ± 72.2 (261)
Aortic Cross Clamp Time 117.3 ± 60.8 (259)
Total HCA Time 34.7 ± 27.0 (247)
Estimated Blood Loss (mL) 886.6 ± 1623.5 (120)

Procedural 
Characteristics

Site Reported

Emergent/Urgent 23.8% (62/261)
Configuration

Plexus 67.2% (176/262)
Ante-Flo 32.8% (86/262)

Location collar attachment
Zone 2 61.4% (164/267)
Zone 3 24.7% (66/267)
Other 13.9% (37/267)

CABG 14.9% (39/262)
Mitral Valve 2.3% (6/262)
Tricuspid Valve 1.5% (4/262)
Other 24.1% (63/261)

Extension Procedural Characteristics

• 53 subjects undergone 55 extension procedures 
• 98.2% (54/55) were endovascular
• 76.4% (42/55) RelayPro NBS device was used

Extension procedure was completed successfully in 
95.9% (74/49) with no need for unplanned intervention 

or emergency surgery due to device failure
Two subjects experienced a device deformation (one compression, one proximal graft infolding)
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Adjudicate Adverse Events
End of 

Procedure 30-Days 1 Year 2 Years

Number of Subjects Eligible 267 263 89 16
All-cause Mortality 2.2% (6/267) 3% (8/263) 29 0

Lesion-related mortality 2.2% (6/267) 2.3% (6/263) 0 0
Myocardial Infarction (MI) 0 0 0 0
Stroke (all) 2 (.7%) 11 (4.2%) 0 0

Permanent Stroke 1 (.4%) 9 ( 3.4%) 0 0
SCI (Grade ≥3) 0 1 (.4%) 0 0
Renal Failure 2 (.7%) 8 (3%) 0 0
Respiratory Failure 6 (2.2%) 17 (6.5%) 0 0
Bowel Ischemia 1 (.4%) 1 (.4%) 0 0

CEC Ad jud icated Data . Data reported as % (n/N ); P re lim inary Data . D a ta  c u t o f 16  J u l 2 0 2 5 .

• Overall, 29 (10.9%) site-reported deaths within 1-Yr FU
• 38 subjects experienced 63 MAE

• Two subjects with Rupture in the Non-treated Segment
• One contained rupture of DTA distally on POD 202, treated with Relay 

TEVAR and subject recovered
• Second subject expired due to para-visceral aortic rupture

CEC Adjudicated Follow-up Outcomes

13 Secondary interventions (reintervention endpoint) Count

Thromboembolic events 3

Loss of patency 2

Stent-graft induced aortic wall injury 4

Type I/III endoleak 2

Failure of device integrity 2

• Two reports of migration, both occurring at the distal end of the Thoraflex Hybrid 
device, no secondary interventions have been performed due to device migration

• No reported events of fracture (0/168) or suture break (0/190)

Core Laboratory Reported

At discharge/30 days and follow-up: 
Type % (N) Notes

Endoleak Type Ia 0% None reported

Type Ib 2.1% (4/190)
2 related to Thoraflex Hybrid
2 related to Relay extension

Type IIIa 0.5% (1/190) Related to Relay extension
Type I Entry Flow Type Ia 0%

Type Ib 3.4% (4/119)

CONCLUSIONS
TEVAR after FET is often required, with an extension 
procedure planned

High rates of technical success were reported for both 
Thoraflex Hybrid index procedure and extension procedures

Follow-up of the EXTEND study remains ongoing; early results support 
the successful distal extension of the Thoraflex Hybrid device

RelayPro NBS is the only FDA approved EV solution for 
extension after FET with Thoraflex Hybrid device

@JCoselli_MD
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