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Total aortic arch replacement with a novel 4-branched frozen elephant
trunk prosthesis: Single-center results of the first 100 patients

Malakh Shrestha, MBBS, Tim Kaufeld, MD, Erik Beckmann, MD, Felix Fleissner, MD,
Julia Umminger, MD, Firas Abd Alhadi, MD, Dietmar Boethig, MD, Heike Krueger, RN,
Axel Haverich, MD, and Andreas Martens, MD

ABSTRACT

Objective: Combined disease of the aortic arch and the proximal descending
aorta remains a surgical challenge. The Thoraflex Hybrid graft (Vascutek,
Inchinnan, United Kingdom) consists of a 4-branched graft with a stent graft at
the distal end allowing a total aortic arch replacement, including the origins of
the supra-aortic vessels combined with endoluminal treatment of the proximal
descending aorta. We present the midterm results of our first 100 patients who
were treated with this frozen elephant trunk prosthesis.

Methods: From April 2010 to October 2014, 100 patients (65 men aged
59! 14 years) underwent operation (37 acute dissections, 31 chronic dissections,
and 32 aneurysms). Fifty-four percent of patients received concomitant cardiac
procedures, and 28% were reoperations.

Results: The perioperative mortality was 7% (n ¼ 7). Midterm survival after a
follow-up of 3.1 ! 1.4 years was 81% (n ¼ 81). Mean cardiopulmonary bypass
time was 243 ! 61 minutes, cardiac ischemia time was 101 ! 65 minutes, and
circulatory arrest time was 51 ! 20 minutes. Aortic root replacement was
performed in 41 patients (n ¼ 41; valve-sparing: 30% [n ¼ 30]). Twenty-two
percent of patients underwent secondary aortic reinterventions during follow-up
(15% planned second stage operations). Sixty percent of reinterventions were
performed via endovascular approach. Acute dissection patients needed
significantly fewer reinterventions (n ¼ 3; 8%).

Conclusions: The Thoraflex Hybrid graft adds to the frozen elephant trunk
concept for treating aortic arch and descending aortic disease. Implantation of
the Thoraflex Hybrid graft resulted in excellent outcomes and beneficial aortic re-
modeling during follow-up. This graft increases surgeons’ armamentarium in the
treatment of complex and diverse aortic arch pathology. (J Thorac Cardiovasc
Surg 2016;152:148-59)

Thoraflex Hybrid graft (Vascutek, Inchinnan, United
Kingdom).

Central Message

Treatment of complex aortic arch disease with
the Thoraflex Hybrid frozen elephant trunk
graft showed excellent outcomes and aortic
remodeling.

Perspective

The Thoraflex Hybrid frozen elephant trunk
graft increases surgeons’ armamentarium in
the treatment of complex and diverse aortic
arch pathology. In complicated DeBakey type
I aortic dissection with malperfusion frozen
elephant trunk implantation has the potential
to revolutionize surgical treatment. In chronic
dissection future studies have to assess the
definitive role of FET treatment.

See Editorial Commentary page 160.

See Editorial page 7.

Borst and colleagues1 and others2,3 introduced the elephant
trunk technique to simplify the second operation of the
2-stage procedure to treat disease of the aortic arch extending

into the descending aorta (aneurysms and dissection). Dake
and colleagues4 introduced endovascular stent-grafts to treat
aortic pathology. A combination of the above 2 techniques re-
sulted in the frozen elephant trunk (FET) technique. Initially,
various homemade FET prostheses combining convention-
ally available polyethylene grafts and thoracic endovascular
aortic repair (TEVAR) grafts were used until prefabricated
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100 cases FET
Preoperative
Acute dissection 37
Chronic dissection 31
Aneurysm 32 
Postoperative
Early death 7%
Stroke 9%
Paraparesis 7%
Dialysis 14%
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FET : 15-year Outcomes

Murana EACTS 2023

Early Outcomes Thoraflex
(n=186)

Permanent dialysis 16 (8.6%)
Paraparesis 5 (2.7%)
Paraplegia 3 (1.6%)
Stroke 14 (7.5%)
30-day mortality 28 (15.1)

2007 – 2022 (n= 186)

64% at 36 Months

JTCVS. 2020;159: 392 Endovascular
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Methods:    Thoraflex FDA Trial 
§Prospective, multi-center, open-label, single-arm study
§12 sites across US; performance goal design
§65 patients recruited to the primary study group
§9 patients recruited to rupture study group
§Patients assessed and postoperatively at discharge/30 

days, and at 3 m, 12 m, 24 m, and 36 months
§September 2016 to May 2018

Indications

Primary (n=65) 27 (40%) 37 (57%) 1 (2%)
Rupture (n=9) 2 (22%) 1 (11%) 6 (67%)

Group

Aneurysm 
without aortic 
dissection

Acute
aortic 
dissection

Chronic
aortic
dissection

Primary Endpoints: Primary Group (n=65)

Major adverse event (MAE)
Early
n (%) 

1-Year
n (%) 

Patients with at least one MAE 8 (12%) 13 (20%)
All-cause mortality 2 (3%) 7 (11%)
Permanent stroke 4 (6%) 5 (8%)

Permanent paraplegia/paraparesis (n=64)* 2 (3%) 3 (5%)

Unanticipated aortic-related reoperation 1 (2%) 3 (5%)

Cumulative events
*Excludes one patient with preoperative paraplegia

§ Within the first year, the planned 
extension (Stage-2) repair to treat the 
contiguous downstream distal aorta

§ Primary Group: 26 (40%) planned repairs
   X endovascular; X open
§ 1 of 26 repairs underwent additional 

endovascular repair to treat acute 
dissection with rupture of distal aorta

§ Rupture Group: no planned repairs

Endovascular (n = 21, 32%) Open (n = 5, 8% )

Extension: Stage 2 Repair

Contiguous 
extension

Aortic-Disease Related Deaths
§ Within the first year, there were 

two aortic-related deaths in the 
primary group

§ Both deaths were due to rupture 
of the downstream aorta

§ There were no aortic-related 
deaths in the rupture group 

• Prospective, multicenter,
nonrandomized, single arm

• Thoraflex graft
• Global study 55 centers
• Min 200 patients
• Follow-up 10 years
• 65 patients with RelayPro NBS distal extension

13th June 2023
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Study Enrollment/Subject Disposition

Site #
Institution 

Name
Principal 

Investigator
Subjects 
Enrolled

0 0 6 U n iversitätsklin ik  fü r 
H erzch iru rgie

A n d reas V o tsch 1

0 20 M ed star W ash in gto n  H o sp ital C h ristian  S h u lts, M D 4
0 15 U n iversity o f P en n sylvan ia W ilso n  S zeto  , M D 12

0 16
S t. L u ke ’s  M ed ical 

C en ter/B aylo r H o u sto n  
(C o m m o n  S p irit)

D r J o sep h  C o selli 5

0 19 D u ke U n iversity M edical C en ter C h ad  H u gh es 1
0 22 U n iversity o f C o lo rado T . B rett R eece, M D 3
0 23 K eck h o sp ital o f U S C F ern an d o  F leisch m an , M D 7
0 21 N o rth w estern  U n iversity S . C h ris  M alaisrie, M D 2
0 17 C ed ars-S in ai M ed ical C en ter P ed ro  C atarin o , M D 9
0 25 U P M C  P resbyterian  S h adyside D erek S ern a-G allego s , M D 9
0 26 W eill C o rn ell M ed icin e C h risto p h er L au , M D 3

0 28
U n iversity o f A labam a 

B irm in gh am
K yle E u d ailey 4

0 29 M assach u setts  G en eral H o sp ital A rm in d er J assar, M D 4

0 3 0
W ash in gto n  U n iversity &  B arn es 

J ew ish  H o sp ital
P u ja K ach ro o , M D 4

• 68 subjects 
enrolled 

• 9 subjects have
discontinued

• 11 subjects received
a RelayPro NBS 
extension

Site Reported. Preliminary Data. Data may change. Data cut of 16 Jul 2024

Aneurysm
(Majority fusiform 75% [27/36]

53% (33/68)

Dissection 47% (32/68)
Hyperacute 10% (3/31)
Acute/Subacute 48% (15/31)
Chronic 42% (13/31)

DeBakey Type I (Majority) 43% (12/28)

Indication for treatment  68 Patients

Data reportedas thenumberof subjects(n). PreliminaryData. Data maychange. Data cut of 16 Jul 2024

Additional indications for 
treatment

Rupture 1.5% (1/68)
Post-dissection aneurysm 13% (9/68)
PAU 1.5% (1/68)
Other 6% (4/68)

Coronary Artery Disease 32% (22/68)

Congestive Heart Failure 19% (13/68)

Hypertension 74% (50/68)

Hyperlipidemia 44% (30/68)

COPD 12% (8/68)

Previous aortic surgery 50% (31/62)

Previous valve replacement 24% (15/62)

History of Diabetes 13% (8/62)

History of Smoking

Former smoker 42% (26/62)

Current smoker 13% (8/62)

Demographics

% (n/N) or Mean ± SD (n)
Age (years) at 
Treatment 62.5 ± 11.3 (63)

Sex
Male 82.5% (52/63)
Female 17.5% (11/63)

Age Group
18-64 47.6% (30/63)
65-74 38.1% (24/63)
75+ 14.3% (9/63)

Race
Caucasian 62.9% (39/62)
Black 22.6% (14/62)
Asian 12.9% (8/62)
Other 1.6% (1/62)

Baseline Comorbidities
• Thoraflex Hybrid Configuration

• Ante-Flo configuration 39.3%
(24/61)

• Plexus configuration 60.7% (37/61)

• Cut-down/collar attachment
• Between the IA and LSA (Zone 2):

63.2% (43/68)

• 2 (3.1%) endoleaks were reported by
the site at the end of the procedure 

• No device deficiencies reported at the
procedure.  

• Anticoagulation and/or Antiplatelet 
Treatments Administered During 
Procedure, 80.3% (53/66)

Procedural Characteristics
General Anesthesia 100% (68/68)

Cerebral perfusion

Antegrade 74% (48/65)

Retrograde 12% (8/65)

Both 14% (9/65)

Mean Cerebral Perfusion Time 48±33 min

Mean CPB 200.4±76.6 min

Mean total circulatory arrest 38.7±22.9 min

Procedural Characteristics

Mortality (All-Cause)

Mortality (All-Cause)

All-cause mortality [n=68] 8 (11.8%)
Deaths (not related to the device) 7 (10.3%)

One pending relatedness -
Deaths (related to the procedure) 5 (7.4%)
30-day Mortality (index procedure) 6 (8.8%)

Major Adverse Events

End of 
Procedure 30-Days 12 Months 2 Years

Number of Subjects 
Eligible 68 67 5 -

Myocardial Infarction (MI) 0 0 0 0
Stroke 0 0 0 0
Renal Failure 0 1.5% (1/67) 0 0
Respiratory Failure 1.5% (1/68) 1.5% (1/67) 0 0
Bowel Ischemia 0 0 0 0

CEC Adjudicated Data. Data reported as % (n/N ); Prelim inary Data. D ata cut of 16 J ul 2024.
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CONCLUSIONS
• The frozen elephant trunk (FET) procedure is an effective 

surgical treatment option for proximal thoracic aortic pathologies
involving the distal arch and the descending aorta. 

• Aortic reinterventions are common

• Reinterventions are associated with 
acceptable morbidity and mortality 

Thank you!
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