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Use of FET : Extensive aortic disease 

Purpose
• One-Stage Repair

• Stabilization of Aortic Dissections/ expansion of the true lumen/ 
promoting healing and remodeling and preventing ruptures 

• Creation of an Ideal Landing Zone (for future endografts) to treat 
residual disease or de novo disease in the distal aorta

• Malperfusion management/ expansion of true lumen



The individual Patient Determines Arch Approach and 
not the pathology 



As we are using these new FET 
devices / and or procedures 
associated with these devices

• It is important to implement 
innovation by  maintaining or 
lowering the current level of clinical 
or operational risk
• Safe
• Controlled
• Evidence based 



Preventza  et al : J Thorac Cardiovasc Surg. 2020 
Jul;160(1):20-33



3154 pts 

Neurologic 
complications 
after the frozen 
elephant trunk 
procedure: A 
meta-analysis of 
more than 3000 
patients

Preventza et al : JTCVS 2020



Study name Statistics for each study Event rate and 95% CI

Event Lower Upper Relative Relative 
rate limit limit weight weight

Usui (2002) 0.125 0.041 0.324 3.53
Flores (2006) 0.240 0.112 0.442 4.68
Shimamura (2008) 0.063 0.032 0.122 5.67
Li (2009) 0.016 0.001 0.206 1.00
Sun (2010) 0.025 0.002 0.298 1.00
Chen (2010) 0.017 0.001 0.223 1.00
Lima (2012) 0.129 0.049 0.297 4.12
Shen (2012) 0.053 0.013 0.187 2.89
Zhao (2012) 0.020 0.001 0.251 1.00
Hoffman (2013) 0.015 0.001 0.201 1.01
Nakamura (2014) 0.039 0.010 0.144 2.91
Zhang (2014) 0.006 0.000 0.083 1.01
Shi (2014) 0.006 0.000 0.087 1.01
Xiao (2014) 0.015 0.001 0.196 1.01
Ma (2014) 0.024 0.013 0.043 6.29
Ma (2014B) 0.023 0.012 0.045 5.75
Yang (2014) 0.023 0.006 0.088 2.94
Di Marco (2014) 0.042 0.003 0.425 0.98
Katayama (2015) 0.036 0.018 0.070 5.72
Hiraoka (2015) 0.115 0.038 0.303 3.55
Dias (2015) 0.095 0.024 0.311 2.80
Ma (2016) 0.005 0.000 0.075 1.01
Shrestha (2016) 0.070 0.034 0.140 5.40
Leontyev (2016) 0.075 0.055 0.101 7.63
Ahmad (2016) 0.033 0.002 0.366 0.99
Gong (2016) 0.068 0.028 0.152 4.73
Preventza (2017) 0.054 0.014 0.192 2.88
Chen (2017) 0.050 0.007 0.282 1.75
Verhoye (2017) 0.043 0.016 0.108 4.32
Aalaei-Andabili (2017) 0.042 0.010 0.152 2.91
Hu (2017) 0.005 0.000 0.070 1.01
Koizumi (2017) 0.033 0.005 0.202 1.77
Kreibich (2018) 0.033 0.002 0.366 0.99
Ma (2018) 0.004 0.000 0.057 1.02
Roselli (2018) 0.042 0.014 0.121 3.72

0.047 0.035 0.062
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OVERALL SCI, PARALYSIS

Pool rate 4.7% (95% CI, 3.5%-6.2%)

Neurologic 
complications 
after the frozen 
elephant trunk 
procedure: A 
meta-analysis of 
more than 3000 
patients

Preventza et al : JTCVS 2020

SPINAL CORD ISCHEMIA 



R-
squared

Goodness of 
fit

I-squared (p-
value)

p-value Coeffici
ent

Number 
studies in 

the 
analysis

Moderator 
variables

0.3834.13
(0.039)

0.0310.9230Stent >15 cm,
coverage 
more than T8

Spinal Cord Ischemia

Preventza et al : JTCVS 2020
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J Vasc Interv Neurol 2016 
Jan;8(5):9-16.

305,788 patients who underwent aortic stent graft placement

Patients with spinal cord infarction
had significantly higher odds of in hospital mortality
 ([odd ratio] OR: 3.0; 95% confidence interval [CI]: 2.4-3.8)

Among those who were discharged alive, patients who developed spinal cord 
infarction had significantly higher odds of moderate to severe disability
(OR: 2.8; 95% CI: 2.5-3.2)



Oginio et al :
The Journal of Thoracic and Cardiovascular Surgery 2022 1641681-1692.e2DOI: (10.1016/j.jtcvs.2021.03.079) 



Oginio et al :
The Journal of Thoracic and Cardiovascular Surgery 2022 1641681-1692.e2DOI: (10.1016/j.jtcvs.2021.03.079) 



Insert 9-12 cm in length

The landing levels of FET distal 
end were almost above the T8 
level, except for 7 patients
T9    in 6 
T12  in 1

Oginio et al :
The Journal of Thoracic and Cardiovascular Surgery 2022 1641681-1692.e2DOI: (10.1016/j.jtcvs.2021.03.079) 



“This procedure had higher rates of spinal cord injury than the 
conventional repair, which is a disadvantage of this approach”



Emergency TAR between 2000 and 2015 for acute 
type A dissection, either with or without a FET, 

Neuroprotection approaches hypothermic 
circulatory arrest (HCA) alone 
HCA with antegrade cerebral perfusion (ACP) 
HCA with retrograde cerebral perfusion 
HCA with ACP and retrograde cerebral perfusion 

with varying extent of circulatory arrest 
temperature

Shi Sum Poon et al :  (International Arch Surgery Study Group)
The Journal of Thoracic and Cardiovascular Surgery 2020



A total of 11,928 patients were enrolled in the 
ARCH database, of which 6180 were managed 
with total arch replacement, 978 for acute Type A 
aortic dissection with or without FET

In propensity-score matching, there were no 
significant differences between total arch 
replacement and frozen elephant trunk in terms 
of permanent neurologic deficits (11.9% vs 
10.1%, P = .59) and spinal cord injury (4.0% vs 
6.3%, P = .52)

The addition of a FET in TAR is safe and does not 
increase the incidence of paraplegia

Shi Sum Poon et al :  (International Arch Surgery Study Group)
The Journal of Thoracic and Cardiovascular Surgery 2020



Included studies with 12 months follow up 

Pooled in-hospital/30-day mortality 10.2% 
Permanent neurological deficit 7.7 % 
Spinal cord injury 6.5%

David Tian et al :  Ann Cardiothoracic Surgery

2020



Shrestha et al :  EJCTS 2015 

Spinal cord injury at 0–21% 
And emphasis on the significantly 
higher incidence of spinal cord 
injury in patients undergoing FET 
compared with CET



Total 167 patients

3 groups based on their pathology:

acute aortic dissection  92 pts (55.1%)
chronic aortic dissection  20 pts (12.0%)
thoracic aortic aneurysm  55 pts (32.9%)

Strokes  1.8% (3 pts)
SCI 1.8% ( 3 pts)

Chong Hoon Kim et al:
Eur J Cardiothorac Surg 2024



Stent proximal to T8 

In cases where distal landing 
zone was below T 10 , 
a second stage was considered 

Length of the stent graft 120-180 mm
(with slight variations)

Rect Temp 27.8-30.8
Stent Length 120 (120-130)
Zone of the 
distal anastomosis Zone 2 (138)

Zone 3 (18)
Zone 1 (11) 

CSF was used in 1 pt with aneurysm Chong Hoon Kim et al:
Eur J Cardiothorac Surg 2024



CSF was used in 1 pt with aneurysm 

Risk factors for SCI 

• Intraoperative transfusion of 
PRBC’s
1.58 (1.02-2.44) p= 0.04

• Shaggy aorta
(embolization) 
(prevent : adequate de- airing and 
distal perfusion) 

• Origination of the segmental 
arteries from  the FL       rapid FL 
thrombosis and obstruction of the 
segm. arteries

Chong Hoon Kim et al:
Chong Hoon Kim et al:
Eur J Cardiothorac Surg 2024



August 2015- July 2019 (4 centers)
39 patients (56% male)    mean age 67 ± 11years
Arch aneurysm   31%
Acute dissection 28%

The Annals of Thoracic Surgery 2021 1111876-1882DOI: (10.1016/j.athoracsur.2020.08.011) 



Whenever  devices used  for Type A Length 10 cm
Median 150 cm (130-150)
Range 100 cm-180 cm  

The hybrid graft is crimped inside a 
clear sheath
The end of the unstented polyester graft 
is visualized during deployment 

The Annals of Thoracic Surgery 2021 1111876-1882DOI: (10.1016/j.athoracsur.2020.08.011) 



The Annals of Thoracic Surgery 2021 1111876-1882DOI: (10.1016/j.athoracsur.2020.08.011) 



The Annals of Thoracic Surgery 2021

4 of these pts         15 cm

Perioperative deaths 3pts 8% 
SCI 5 pts 15%  (all complete 
recovery)
Stroke 6 pts 15% 



Perioperative deaths 3pts 8% 
SCI 5 pts 15%  (all complete 
recovery)
Stroke 6 pts 15% 

Strategies : minimizing length graft 
optimizing SCPP (maintaining high 
perfusion pressure during CPB , HTN postop
minimizing distal CA time  (20 min in the 
series) 
Preop carotid subc bypass 

The Annals of Thoracic Surgery 2021



Strategies : ?? Ideal hypothermia 
?? CSF 

The Annals of Thoracic Surgery 2021

Perioperative deaths 3pts 8% 
SCI 5 pts 15%  (all complete 
recovery)
Stroke 6 pts 15% 



Isselbacher, Preventza, Black  et al :
2022 ACC/AHA  guidelines/ Circulation   

CSF class I for open repair of  TAAA  
Not for FET 



J Spinal Cord Med  2021J Neurotrauma  2015

There is evidence supporting the concept that 
improving hemodynamics can enhance 

neurological outcomes



Timing of the  lower body circulatory arrest in 
relation to spinal cord ischemic tolerance

What is the safe period of LBCA  in combination 
with segmental artery occlusion by the FET

Timing of the  lower body circulatory arrest in 
relation to spinal cord ischemic tolerance

What is the safe period of LBCA  in combination 
with segmental artery occlusion by the FET



Interact Cardiovasc Thorac Surg 2022



16 pigs 
65 min or 90 min of SCP at 28 ◦ C of LBCA 
with occlusion of the 8 uppermost segmental 
arteries  (15-20 cm T8) (simulation procedure 
of FET )

Interact Cardiovasc Thorac Surg 2022



Distal arrest durations of >65 min 
at 28◦ C results in high incidence 
of death and SCI 

The safety of SCP 
False sense of security regarding 
protection of distal organs ??

Interact Cardiovasc Thorac Surg 2022



At 28 degrees C, the ischaemic 
tolerance of the cord may be 
exceeded enough by 90 min to impair 
function; by 120 min, SCP at 28 
degrees C invariably results in 
paraplegia

Etz C et al: Eur J Cardiothorac Surgery 2009

“Selective cerebral perfusion provides insufficient 
spinal cord blood flow below T8/9 to sustain 
spinal cord viability”  



• The prolonged SCP provides an 
insufficient lumbar spinal cord 
protection during the FET 
procedure at 28°C

• The use of a low-flow LBP in 
addition to SCP may reduce 
functional and structural spinal 
damage

P L Haldenwang et al : Eur J Cardiothorac Surgery 2016



• Extensive stenting of the descending 
aorta during FET below T8 or stent length 
more than 10 cm  could result in 
excessive occlusion and 
thromboembolism of the intercostal 
arterial supplying the spinal cord leading 
to paraplegia

• Neurologic injury during FET can be 
multifactorial

• Selective cerebral perfusion  (with 
hypothermia) but will not sustain viability 
of spinal cord below T8    (optimal 
temperature ??) / add low flow LBP ? 

• Optimizing hemodynamics is key 

Frozen Elephant Trunk: 
How Long and Why
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