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1 1 the EuropeanSociety for Vascular Surgery (ESVS). Eur J Cardiothorac Surg. 2018;[Epub ahead of print]
Mitchell RS, Ishimaru S, Ehrlich MP, et al. First International Summit on Thoracic Aortic

Endografting: roundtable on thoracic aortic dissection as an indication for endografting. J
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«Shirakawa Y?, et al. The efficacy and short-term results of hybrid thoracic endovascular repair into

the ascending aorta for aortic arch pathologies. Eur J Cardiothorac Surg. 2014;45(2):298-304; discussion 304.
«Canaud L1, et al. Hybrid Aortic Repair of Dissecting Aortic Arch Aneurysm after Surgical

Treatment of Acute Type A Dissection. Ann Vasc Surg 2016;30:175-80.

*Vallabhajosyula P, et al. Type Il arch hybrid debranching procedure. Ann Cardiothorac Surg 2013;2(3):378-86.
«Kollias VD?, et al. Single-stage, off-pump hybrid repair of extensive aneurysms of the aortic arch and the
descending thoracic aorta. Hellenic J Cardiol 2014;55(5):355-60.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Shirakawa%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23913243
https://www.ncbi.nlm.nih.gov/pubmed/?term=The+efficacy+and+short-term+results+of+hybrid+thoracic+endovascular+repair+into+the+ascending+aorta+for+aortic+arch+pathologi
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canaud%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26529059
https://www.ncbi.nlm.nih.gov/pubmed/26529059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kollias%20VD%5BAuthor%5D&cauthor=true&cauthor_uid=25243433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Single-stage,+off-pump+hybrid+repair+of+extensive+aneurysms+of+the+aortic+arch+and+the+descending+thoracic+aorta.

TYMO2 Il: DEBRANCHING MAZ| ME
ANTIKATA2TA2H ANIOY2H2 AOPTH2

]anding Z0nhe
. CPB is

'€Quireq

P ASCEnding
da0rty ﬂ

rep|ac9ment -
* Totg| arch 13,

debranching / —

TEVAR graft
deployment in
artificial zone O
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Mar;145(3 Suppl):585-90.

Shirakawa Y%, et al. The efficacy and short-term results of hybrid thoracic endovascular repair into the ascending aorta for aortic arch pathologies. Eur J
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Vallabhajosyula P?, et al. Type | and Type Il hybrid aortic arch replacement: postoperative and mid-term outcome analysis. Ann Cardiothorac

Surg. 2013;2(3):280-7.

Kent WD?, et al. Results of type Il hybrid arch repair with zone 0 stent graft deployment for complexaortic arch pathology. J Thorac Cardiovasc

Surg 2014;148(6):2951-5.
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s u rge ry *Younes HK?, et al. Hybrid thoracic endovascular aortic repair: pushing the envelope. J Vasc Surg. 2010;51(1):259-66.
*Moulakakis KG, et al. A systematic review and meta-analysis of hybrid aortic arch replacement. Ann Cardiothorac Surg. 2013;2(3):247-60.

*Borst HG, et al. Extensive aortic replacement using “elephant trunk” prosthesis. Thorac Cardiovasc Surg 1983;31:37-40.

*Bavaria J, et al. Hybrid approaches in the treatment of aortic arch aneurysms: postoperative and midterm outcomes. J Thorac Cardiovasc Surg. 2013 Mar;145(3 Suppl):S85-90.

*Westaby S, et al. Arch and descending aortic aneurysms: influence of perfusion technique on neurological outcome. Eur J Cardiothorac Surg 1999;15:180-5.

<Papakonstantinou NA?, et al. Cardiac surgery or interventional cardiology? Why not both? Let's go hybrid. J Cardiol. 2017;69(1):46-56.

*Oskowitz AZ1, et al. Hybrid treatment of aortic arch aneurysms. J CardiovascSurg (Torino). 2015 Oct;56(5):719-28.

«Zerwes S, et al. Clinical outcomes in hybrid repair procedures for pathologies involving the aortic arch. Vascular. 2015 Feb;23(1):9-16.
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sSuto'Y, Yasuda K, Shiiya N, Murashita T, Kawasaki M, Imamura M et al. Stented elephant trunk procedure for an extensive aneurysm involving distal aortic arch and descending aorta. J Thorac Cardioavsc Surg

1996;112:1389-90.

*Kato M, Ohnishi K, Kaneko M, Ueda T, Kishi D, Mizushima T et al. New graft-implanting method for thoracic aortic aneurysm or dissection with a stented graft. Circulation 1996;94(9 Suppl):11188-93.

*Usui A, Fujimoto K, Ishiguchi T, Yoshikawa M, Akita T, Ueda Y. Cerebrospinal dysfunction after endovascular stent-grafting via a median sternotomy: the frozen elephant trunk. Ann Thorac Surg 2002;74:51821-32.
eKarck M, Chavan A, Hagl C, Friedrich H, Galanski M, Haverich A. The frozen elephant trunk: a new treatment for thoracic aortic aneurysms. J Thorac Cardiovasc Surg 2003;125:1550-3.

*Karck M, Chavan A, Khaladj N, Friedrich H, Hagl C, Haverich A. The frozen elephant trunk technique for the treatment of extensive thoracic aortic aneurysms: operative results and follow-up. Eur J Cardiothorac Surg

2005;28:286—-90.

sShrestha M, Bachet J, Bavaria J, Carrel TP, De Paulis R, Di Bartolomeo R, et al. Current status and recommendations for use of the frozen elephant trunk technique: a posi'gion paper by the Vascular Domain of EACTS.

Di Marco L, Pantaleo A, Leone A, Murana G, Di Batoleinee RalasiniddskheFrazen
Elephant Trunk Technique: European Association

for Cardio-Thoracic Surgery Position and Bologna Experience. Korean J Thorac
Cardiovasc Surg 2017;50:1-7.
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*Czerny M, et al. Current options and recommendations for the treatment of thoracic aorticpathologies involving the aortic arch: an expert consensus document of theEuropean Association for Cardio-Thoracic surgery (EACTS) and
the EuropeanSociety for Vascular Surgery (ESVS). Eur J Cardiothorac Surg. Eur J Cardiothorac Surg. 2019 Jan 1;55(1):133-162.
*Moulakakis KG, et al. A systematic review and meta-analysis of hybrid aortic arch replacement. Ann Cardiothorac Surg. 2013;2(3):247-60.

*Bavaria J, et al. Hybrid approaches in the treatment of aortic arch aneurysms: postoperative and midterm outcomes. J Thorac Cardiovasc Surg. 2013 Mar;145(3 Suppl):S85-90.
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«Canaud L%, et al. Hybrid Aortic Repair of Dissecting Aortic Arch Aneurysm after Surgical Treatment of Acute Type A Dissection. Ann Vasc Surg 2016;30:175-80.

«Shirakawa Y, et al. The efficacy and short-term results of hybrid thoracic endovascular repair into the ascending aorta for aortic arch pathologies. Eur J Cardiothorac Surg. 2014;45(2):298-304; discussion 304.
«Vallabhajosyula P, et al. Type Il arch hybrid debranching procedure. Ann Cardiothorac Surg 2013;2(3):378-86.

*Brechtel K, et al. Hybrid debranching and TEVAR of the aortic arch off-pump, in re-do patients with complicated chronic type-A aortic dissections: a critical report. J Cardiothorac Surg 2013;8:188.
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*Younes HKY, et al. Hybrid thoracic endovascular aortic repair: pushing the envelope. J Vasc Sur?. 2010;51(1):259-66.
Leacche M, et al. Surgical update: hybrid procedures, do they have a role? Circ Cardiovasc Interv. 2010;3(5):511-8.
*Bavaria J, et al. Hybrid approaches in the treatment of aortic arch aneurysms: postoperative and midterm outcomes. J Thorac Cardiovasc Surg. 2013 Mar;145(3 Suppl):S85-90.
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«Kollias VD?, et al. Single-stage, off-pump hybrid repair of extensive aneurysms of the aortic arch and the descending thoracic aorta. Hellenic J Cardiol 2014;55(5):355-60.
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Type Il Hybrid.advantages

risks of retrograde type A dissection
and endoleak are eliminated

»ra, "
$2% Lo

i less invasive than total open arch
/S replacement

less bleeding

*Kollias VD?, et al. Single-stage, off-pump hybrid repair of extensive aneurysms of the aortic
arch and the descending thoracic aorta. Hellenic J Cardi

ent WD?, et al. Results of type 11 hybrid arch repair with zone 0 stent
raft deployment for complexaortic arch pathology. J Thorac Cardiovasc Surg 2014;148(6):2951-5.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kollias%20VD%5BAuthor%5D&cauthor=true&cauthor_uid=25243433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Single-stage,+off-pump+hybrid+repair+of+extensive+aneurysms+of+the+aortic+arch+and+the+descending+thoracic+aorta.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kent%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=25125209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Results+of+type+II+hybrid+arch+repair+with+zone+0+stent+graft+deployment+for+complex+aortic+arch+pathology.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kent%20WD%5BAuthor%5D&cauthor=true&cauthor_uid=25125209

OPEN TOTAL AORTIC ARCH REPAIR VS
HYBRID APPROACH

Cannot be directly compared due to selection bias

-

66 hybrid arch

vho significant difference in in-hospital
mortality (16% open vs 11% hybrid)
vho significant difference in transient
neurologic complications (11% both)
vho significant difference in permanent
neurologic complications (9% open vs
13% hybrid)

45 open total
arch

v9% mortality in patient<75 y.o.
whereas 36% mortality in
patients>75y.o.

vho significant difference in
hybrid group

vivhen >75y.0. 11% mortality in
hybrid group vs 36% mortality in
open group
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Ofl Table 3 Predictors of all-cause mortality by multivariate analysis

(limited in TAR/d-TEVAR)
Tot
aor Group Covariate HE  95% CI p value
pat
,,? COPD 6.42 1.59-25.9  0.009
Hiros Malignancy 528 0.97-28.6 005
Recery Previous cardiac and tho- 639 249-1743 0012
- racic aortic surgery
Obje Perioperative stroke 166 2.18-126  0.007
gftm“ Postoperative pneumonia 672  1.41-32.1 0017
g;es Neurologic dysfunction 297 1.23-718 0016
i};ﬁ; Perioperative stroke 12.1 140-104 0.023
nancy

posit TAR total arch replacement, d-TEVAR debranching thoracic endo-

perio

cona Vascular aortic repair, COPD chronic obstructive pulmonary disease,

priat AAA abdominal aortic aneurysm

is cri

Keywords Octogenarians - Aortic arch aneurysm - Total arch replacement - Debranching thoracic endovascular aortic

repair
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Is debranching thoracic endovascular aortic repair acceptable as the
first choice for arch aneurysm in the elderlv?’

) Key question b a
Yoshimas - - : = kuda”, Yo ira®,
Is debranching thoracic endovascular aortic repair o .
(d-TEVAR) acceptable as the first choice for Sasaki® ar Freed((’::::_“;:;?:dr::::;emm
aortic arch aneurysm in the elderly (>75 years old)? R
# Department of Car r Center, Osak : gl L
b Department of Rad ka, Japan 08 | :
Key finding(s)
%;ﬁi??:;g‘%;g Propensity score matching yielded similar rates ;bﬂainu%;ard o 5. Japan.
- - of survival (85% in TAR vs 71% in d-TEVAR) and of ’ :
.~ OBJECTIVES: This | freedom from reintervention (97% vs 90%) at 4 years. |outcomes £ ** 7 '|ching tho-
* racic endovasculal idity of d-TIf | — R arch aneu-
. i D-TEVAR
rysm in the elderly
Take-home message 5 p=0.16 (log-rank)
METHODS: We r¢ 1ad undergc - : - \ 21 patients
who had undergc d-TEVAR is acceptable as the first choice ) between 3 0 2 4 6 8 (years) group were
of procedure for repair of aortic arch aneurysm .
matched based or e itient charas

RESULTS: Rates or rreeaom Trom all-cause mortality at £ and 4 years were similar between the 2 groups (88% and 77% in the TAR group vs
82% and 64% in the d-TEVAR group, P=0.11), but rates of freedom from reintervention at 2 and 4 years were significantly higher in the
TAR group (100% and 96%) than in the d-TEVAR group (97% and 88%) (P =0.004). Propensity score matching yielded similar survival rates
of 88% and 85% for TAR vs 86% and 71% for d-TEVAR (P=0.53) and comparable freedom from reintervention rates (100% and 97% in
TAR, 98% and 90% in d-TEVAR, P=0.16) at 2 and 4 years. Cox regression analysis identified previous cerebral infarction [hazard ratio (HR)
3.9; P=0.005 in TAR/HR 3.1; P=0.002 in d-TEVAR] as an independent positive predictor of overall mortality in both groups.

CONCLUSIONS: Midterm outcomes after TAR and d-TEVAR were satisfactory and propensity score matching-based evaluation revealed
no significant differences in outcomes, implying that d-TEVAR is an acceptable first-choice procedure for aortic arch aneurysm in patients
older than 75 years.

Keywords: Elderly - Aortic arch aneurysm - Total arch replacement - Debranching thoracic endovascular aortic repair - Propensity
score matching
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TABLE 3. Matched comparison of postoperative data between CTAR

and HARK groups

CTAR (n = 43)

HAR in=43) P value

A .
Overall survival

1.0

0.8
Q
il
® 06
o
g 0.4 Log rank test
ke P =.1300
1]

 — HAR
0.0
o 2 4 B B

Follow-up (years)

Number of patients at risk

10

Freedom from

B
aorta related death

1.0

h

L
0.8
0.6
0.4 Log rank test
P=.8047
—_— HAR

0.0

D 2 dq (<] B 10

Follow-up (years)

MNumber of patients at risk

Cc 43 22 15 1
H 43 12 B

C 43 22 15 [
H 43 13 6

FIGURE 3. A, Matched comparison of midterm overall survival. Between matching pairs of CTAR and HAR groups, there was no significant difference in
the survival rate. B, Matching model also showed no significant differences in freedom from aonta-related death between the CTAR and HAR groups. CTAR,

Conventional total aortic arch repair; HAR, hybrid arch repair.

vealed an equivalent 5-year survival rate between the CTAR and HAR groups

tional arch repair group. In a high-risk popula-
tion, hybrid approaches have the potential to be

(B80.5% vs 59.9%; P = .1300).

Conclusions: Matching analysis revealed a significantly greater incidence of
stroke in the HAR group but equivalent midterm outcomes in the hybrid group
compared with the CTAR group. (J] Thorac Cardiovasc Surg 2017;154:100-6)

alternatives to a conventional approach. Further
development, however, is required for hybrid
repair to become a superior option.

See Editorial Commentary page 107.

See Editorial page 98.
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Material and
Methods

A meta- ambr_sgsﬁd detailed review of the literature Pubhshed from January 2013 unhl Decf_'mber 2016,
concerning hybrid aortic arch debranching procedures was conducted and data for morbidity and mortality
rates were extracted. wav: 2.5%

Besults

As far as type I hybrid aortic arch reconstruction is concerned, among the 122 patients included, the pooled
endoleak rate was 10.78% (95%CI = 1.94-23 40), 30-day or in-hospital mortality was 3.89% (95%CI = 0.324—
9.78), strokerate was 3.79% (95%C1 = 0.25-9.77) and weighted permanent paraplegia rate was 2.4%. In terms
of type Il hybrid approach, among 4( patients, endoleak rate was 12.5%, 30-day or in-hospital mortality rate
was 5.3%, stroke rate was 2.5%, no permanent paraplegia was noticed and late mortality rate was 12.5%.

Hybrid aortic arch debranching procedures are a sa fe alternative to open repair with acceptable short- and
mid-term results. They extend the envelope of intervention in aortic arch pathologies, particularly in high-
risk patients who are suboptimal candidates for Open surgery.

Keywords

Hybrid * Endovascular * Aortic arch * Debranching * Ascending aorta replacement
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9.2.2.2.1. Open Surgery. At present, endovascular stent
grafts have not been approved by the US Food and Drug
llll LTI T Cl [] CFLLE L —
fitions of the aortic arch. For patients with large aneu
sms who are not candidates for conwventional open
pperation, experience is accumulating with operative pro-
edures that involve translocation of the brachiocephalic
arteries from the aortic arch using branch gratrs from the
proximal ascending aorta, and placement of an endowvas-
lar graft into the distal ascending aorta, the entire aortic
arch, and a segment of the adjacent descending thoracic
grta (371 460 4610,

1

“ul
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Arch vessel transposition (debranching) and TEVAR might

after total arch vesselrtre well as in patients with the

underlying diagnosis of acute Type B AD, the risk of retrograde
Type A AD as a direct consequence of the procedure is elevated

and should be weighed against the remaining risk of conventional
105,117,324,325

surgery.
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in zone 0 afte
previous debranching may be considered in
patients unfit for open repair and suitable

anatomy [180, 191].

&FT:8 Level B

Recommendation 24: TEVAR in zones 1 and
2 should be considered in patients with suit-
able anatomy [4

Class 1A BEEL:

Recommendation 25: stent-graft deployment
is not recommended in patients with 2proxj-

N B B e L T & B PR S ERE

MEG 3 Transposition (debranching) of supra-aortic
25 MM Ol yessels and thoracic endovascular aortic repair and
i 14 the importance of the subclavian arteries in main-
taining the blood supply to the spinal cord
Recommendation 26: zones 0-2 TEVAR are

not recommended in natients with connective
thoracic aortic pathology (zone 0 proximal neck). For patients at

RTINS a higher risk of stroke, open aortic arch surgery remains the best
native aoltherapeutic option because extensive manipulation during
debranching as well as during TEVAR might cause embolization
Recomm (173, 180, 181]. Patients presenting with distal arch pathology

should be considered in patients with concom-
itant aortic valve paxhclc@ or at high risk for

ClasslIA BN

aorta >38 mm, bicuspid aortic valve arch

abnormalities, lost sinutubular junction, exten-
_ EEEE;EEnde aorticlen&hi 175 191] _
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13. We suggest that hybrid arch repair be considered in
patiﬁntq deemed too high-risk for conventional open
repair who meet specific anatclmlc criteria (Weak
Recommendation, Low-

Values and preferences. Stroke is a significant risk in
conventional and hybrid techniques. Creation of an
optimal straight landing zone in Dacron or native aorta is
desirable for stent graft technology available today.
Ascending aortic diameter > 4 cm is a risk factor for

retrograde type A dissection. T-lybrid arch repair should be
avoided in patients with known or suspected connective
tissue disorders unless proximal and distal landing zones
are 1n Dacron replaced aorta.

14. We suggest that hybrid arch techniques might be
considered for single-stage repair in patients with
diffuse aneurysms involving the ascending, arch and
descending aorta (mega aorta) (Weak Recommenda-
tion, Low-Quality Evidence).
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«Bavaria J, et al. Hybrid approaches in the treatment of aortic arch
aneurysms: postoperative and midterm outcomes. J Thorac Cardiovasc Surg.
2013 Mar;145(3 Suppl):S85-90.
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extensive aortic
pathology (aneurysm
or dissection of the

arch)

:
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RECOMMENDATION

13. We suggest that hybrid arch repair be considered in
patients deemed too high-risk for conventional open
repair who meet specific anatomic criteria (Weak
Recommendation, Low-Quality Evidence).

Values and preferences. Swoke is a significanrt risk in
conventional and hybrid techniques. Creation of an
optimal straight landing zone in Dacron or native aorrta is
desirable for stent graft technology available today.
Ascending aortic diameter = 4 cm is a risk facrtor for
retrograde type A dissection. Hybrid arch repair should be
avolided in partients with known or suspecred connecrive
dssue disorders unless proximal and distal landing zones
are in Dacron replaced aort.

14. We suggest that hybrid arch techniques might be
considered for singlt‘~stﬂge repair in patients with
diffuse aneurysms involving the ascend_ing, arch and

descending aorta (mega aorta) (Weak Recommenda-

tion, Low-Quality Evidence).

15. We suggest that closed-chest arch reconstructions only
be considered for patients at high risk for open or
hybrid repair (Weak Recommendation, Low-Quality
Evidence).




WETAZElz MA TH XPH3H FET

1

N &

Fi

Y 4 Ny

iy S
o

TypelH

Recommendation 19: the FET technique or
TEVAR to close the primary entry tear should
be considered in patients with acute type A
aortic dissection with a primary entry in the
distal aortic arch or in the proximal half of the
DTA to treat associated malperfusion syn-
drome or to avoid its postoperative

development

ClassllA | "1«

QEEFET is potentially indicated for all pathologies of the aort
aneurysm and dissection [159-161] Different from enc

vascular aortic repair, the fixation of the FET is performed by a |

circumferential suture, which eliminates the risk of a proximal
endoleak. The endoluminal sealing of the surgical suture line by
the stent graft improves haemostasis and makes FET ideal to fix

7

Recommendation 22: the FET technique
should be considered in patients with concom-
itant distal thoracic and thoraco-abdominal
aortic disease that, in a later stage, will or is
likely to require either surgical or endovascular
treatment.

Class lIA

DTA: descending thoracic aorta; FET: frozen elephant trunk; TEVAR: thora-

cic endovascular aortic repair.

*Czerny M, et al. Current options and recommendations for
the treatment of thoracic aorticpathologies involving the aortic arch:

an expert consensus document of theEuropean Association for Cardio-Thoracic surgery (EACTS) and
the EuropeanSociety for Vascular Surgery (ESVS). Eur J Cardiothorac Surg. 2019;55(1):133-162.
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Extensive repairincludinggraft replacement ofthe ascending aorta
and aortic arch and integrated stent grafting of the descending
aorta'™ (frozen elephant trunk’) was introduced as a single-stage

Recommendations

Class®

Level® Ref.c

In all patients with AD,
medical therapy including
pain relief and blood
pressure control s
recommended.

In patients with Type A AD,
urgent surgery is
recommended.

In patients with acute Type
A AD and organ
malperfusion, a hybrid
approach (i.e. ascending
aorta and/or arch
replacement associated with
any percutaneous aortic or
branch artery procedure)
should be considered.

In uncomplicated Type B
AD, medical therapy should
always be recommended.

In uncomplicated Type B
AD, TEVAR should be
considered.

218,219

In complicated Type B AD,
TEVAR is recommended.

In complicated Type B AD,
surgery may be considered.

b

procedure.” " The frozen elephant trunk'is increasingly applied - and peripheralarteries. Inparticular clinicalsituations, the frozenele-

~ for this disease entlg if complete ascendlng- arch-, and descendlng

AD are diagnosed in otherwise uncomphcated patients.
ginally designed for repair of chronic aneurysm, the hybrid approach

complicated acute Type B AD without a proximal landing zone, as |

phant trunk' technique might also be consideredin the treatment of

It

consisting of a single graft, is also applied, more often now in the  alsg eliminates the risk of retrograde Tme AAD. 1

setting of acute dissection (Web Figures 10 and 11),""® "



increased
cumulative
mortality after
two major aortic
procedures

Elephant trunk :
Disadva ntages- 3 :.:."v interval mortality,

up to 25%

2-stage
operation

failure to return
for stage 2 |
operation, '
32%-50% J

I\
*Di Bartolomeo R?, et al. Frozen versus conventional elephant trunk technique: application in clinical practice.Eur J Cardiothorac Surg. 2017 Jan;51(suppl 1):i20-i28.
«lus F, et al. Elephant trunk procedure 27 years after Borst: what remains and what is new? Eur J Cardiothorac Surg 2011;40:1-11.
«Kollias VD?, et al. Single-stage, off-pump hybrid repair of extensive aneurysms of the aortic arch and the descending thoracic aorta. Hellenic J Cardiol 2014;55(5):355-60
+Kent WD, et al. Results of type I hybrid arch repair with zone 0 stent graft deployment for complexaortic arch pathology. J Thorac Cardiovasc Surg 2014;148(6):2951-5.
*Patel HJ, et al. Open arch reconstruction in the endovascular era: analysis of 721 patients over 17 years. J Thorac Cardiovasc Surg 2011;141:1417-23.
Di Eusanio M, et al. Conventional versus frozen elephant trunk surgery for extensive disease of the thoracic aorta. ) Cardiovasc Med (Hagerstown). 2014;15(11):803-9.

.
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Recommendations for surgical techniques in aortic
disease

ESC GUIDELINES

European Heart Journal (2014) 35, 2873-2926
doi 10,1093 /eurheartjfehu281

- , . - Ref.” 2014 ESC Guidelines on the diagnosis and
Cerebrospinal fluid drainage is . .
recommended in surgery of 26127 treatment of aortic diseases
:he tr('ljr::ractoh—abq:::kaal e Document covering acute and chronic aortic diseases of the thoracic
© reduce the risk o and abdominal aorta of the adult

r::.r‘tlclvalve.r‘epalr‘.hus.ing the The Task Force for the Diagnosis and Treatment of Aortic Diseases
:2::;5;:::;'3&;9:0;2”9 er of the European Society of Cardiology (ESC)
annuloplasty. is recommended 1 Authors/Task Force members: Raimund Erbel* (Chairperson) (Germany),
in young patients with aortic Victor Aboyans” (Chairperson) (France), Catherine Boileau (France),
root dilation and tr‘icuspid Eduardo Bossone (ltaly), Roberto Di Bartolomeo (ltaly), Holger Eggebrecht

R I (Germany), Arturo Evangelista (Spain), Volkmar Falk (Switzerland), Herbert Frank

aortic va.ves. (Austria), Oliver Gaemperli (Switzerland), Martin Grabenwdger (Austria),
For repair of acute T)-'pe A Axel Haverich (Germany), Bernard lung (France), Athanasios John Manolis (Greece),
AD, an open distal Folkert Meijboom (Netherlands), Christoph A. Nienaber (Germany), Marco Roffi
anastomortic technique (] (Switzerland), Hervé Rousseau (France), Udo Sechtem (Germany), Per Anton Sirnes
avr.:iding aortic clamping (MNorway), Regula S. von Allmen (Switzerland), Christiaan J.M. Vrints (Belgium).
(hemiarch/complete arch) is T o P e e L e ) P et Akt
recommended. {France), Christi Deaton (UK), GCetin Erol (Turkey), Robert Fagard (Belgium), Roberto Ferrari (Italy), David Hasdai
In patients Wlth connective (Israel), Arno Hoes (The Nethcrlnnds!, Paulus Kifchhof(C:nrrnanyflJK),]uh:lni Knuuti (Finland), Philippe Kolh
tissue disorders? requiring . .
aortic surgery, the - vdistal landing zone of T10 or lower,
replacement of aortic sinuses i b .
s indicated. embolization and postoperative
Selective antegrade cerebral
perfusion should be " 139,131, hypotension, abdominal aortic aneurysm
considered in aortic arch = 134,141
surgery, to reduce the risk of 1 1
e repair history and a core body temperature
The axillary artery should be o . .
considered as first choice for e equal to or over 28°C during circulatory
cannulation for surgery of the r . . ]
aortic arch and in aortic arrest combined with circulatory arrest time
dissection.
Left heart bypass should be over 45 minutes are strong predictors of
considered during repair of
the descending aorta or the lla Splnal cord injury
thoraco-abdominal aorta, to
ensure discal organ pe rfusion. +Di Eusanio M. Frozen elephant trunk surgery-the Bologna’s experience. Ann Cardiothorac Surg 2013;2:597-605.

al. Impact of clinical factors and surgical techniques on early outcome of patients treated with frozen elephant trunk technique by using EVITA
open stent-graft: results of a multicentre study. Eur J Cardiothorac Surg 2016;49:660—6.

' S1, et al. Early- and medium-term results after aortic arch replacement with frozen elephant trunktechniques-a single center study.

*Class of recommendation.

. Ann Cardiothorac Surg. 2013 Sep;2(5):606-11.
BLevel of evidence. Ann Cardiothorac Surg. p;2(5)

, et al. Single-stage, off-pump hybrid repair of extensive aneurysms of the aortic arch and the descending thoracic aorta. Hellenic J
Cardiol 2014;55(5):355-60.

«Di Eusanio M, et al. Frozen elephant trunk surgery- the Bologna'’s experience. Ann Cardiothorac Surg 2013;2(5):597-605.

GL, et al. Multibranched Frozen Elephant Trunk with Left Subclavian Artery Cannulation. Aorta (Stamford). 2014 Apr 1;2(2):87-90.

“Reference(s) supporting recommendations.
dEhlers-Danlos IV -, Marfan- or Loeys-Dietz syndromes.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Leontyev%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24109568
https://www.ncbi.nlm.nih.gov/pubmed/?term=Early-+and+medium-term+results+after+aortic+arch+replacement+with+frozen+elephant+trunk+techniques-a+single+center+study.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kollias%20VD%5BAuthor%5D&cauthor=true&cauthor_uid=25243433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Single-stage,+off-pump+hybrid+repair+of+extensive+aneurysms+of+the+aortic+arch+and+the+descending+thoracic+aorta.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Single-stage,+off-pump+hybrid+repair+of+extensive+aneurysms+of+the+aortic+arch+and+the+descending+thoracic+aorta.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Eusanio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24109567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frozen+elephant+trunk+surgery%E2%80%94the+Bologna%E2%80%99s+experience
https://www.ncbi.nlm.nih.gov/pubmed/26798721

Typ

'H META-ANA,

8=

\YH MAZ

Type Il

aortic arch reconstruction, the so-called “frozen e

% %
Study ES (85% CI) Weight Siudy £5(95% CI) weight
' .
Rossll, 2013 -— 0.00(0.00, 19.51) 640 Roselli, 2013 - 11.76 (1.46, 36.44) 503
; lus, 2013 : —_— 10.60 (5.97, 17.28) 10.31
i i
N — —
lus, 2013 : 15.27 (9.58, 22.59) 873 Xiao, 2013 .:— 0.00 (0.00, 10.58) 774
|
Xino, 2013 E 18.18(6.98, 35.46) 788 Shen, 2012 -— 0.00 (0.00, 9.25) 8.08
|
Shen, 2012 —_— 7.89 (1.66, 21.38) 815 Shi, 2012 - 0,00 (0.00, 7.71) 854
! '
Shi, 2012 - 217 (0.06, 11.53) 8489 Leantyev. 2013 —_——— 5.88(1.23, 16.24) 877
i ]
Leontyev, 2013 —_— 7.84 (2.18, 18.88) 8.65 Eusanio, 2013 | —— 7.38 (3.43, 13.54) 1022
i I I
Eusanio, 2013 : —_— 17.21 (10.98, 25.10) 2.67 Bavaria, 2013 : 0.00 (0.00, 36.94) 3
i i
Bavaria, 2013 L 0.00 (0.00, 36.94) 4.51 Martinelli, 2014 L 0.00 (0.00, 52.18) 287
I i
Martineli, 2014 L 20,00 (051, 71.64) aa4 T Naia 2010 . 7.69 (095, 25.13) 712
] i
Narita, 2016 -— 0.00 (0.00, 13.23) 7.9 « Shrestha, 2016 | —— 9.0 (4.20, 16.40) B.os
j 1
Shrestha, 2016 —— 7.00 (2.86, 13.89) 9.48 El-Sayed, 2016 0 0.00 (0.00, 23.16) 539
El-Sayed, 2016 0—‘—: 0.00 (0.00, 23.16) 5.91 Overnll (2 = 79.8%, p = 0,000} <> 100.00
¥
Overall (12 = 85.1%, p = 0.000) ® 100.00 i
|
: T T
' 0 522
T T -
o 716
- a Study ES {7 C1} Weighe
Constantine N. Antonopoulos, MD, PhD?,
. . . b . . ;
s 2013 - 0z @0, 139 a4
Nikolaos G. Baikoussis, MD, PhD ~, Ioannis K :
i 2013 - 078 o0z 418 1230
- C '
Georgios Geroulakos, MD, PhD - — somuse 7w
Stam, 2012 —_— 528 084, 1775 B0z
i
*Cardiovascular and Thoracic Surgery Department, General Hospital of Athens “"Evangel = =" - Mk i e
< ]
PCardiac Surgery Department, General Hospital of Athens Hippocratio, Athens, Greece W= [ — [SASI=aEy e
b |
“Wascular Surgery Department, “Attikon” Hospital, Medical School, National and Kapod: s=es 2 i — $02 (138, 19.90) 1210
Beas, 2013 020 @00, 3804 202
; . . a = 5 ’ ¥ 5 5 _ . '
Received 16 March 2018; accepted 17 April 2018; online published-ahead-of-print 11 June 2018  swwes 5214 - o0 oo 2 58 E
v, e _— RSP o
" u PR— [ — 10 a3 84} 1nar
Background Conventional open total arch replacement is the :
EP——— wan
However, it is a two-stage procedure related tohig __ .~ o .
;
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A meta-analysis and detailed review of the litera.u: « pucisicw vt jusas y cuso wi cccines cvasu,
concerning frozen elephant trunk hybrid approach was conducted and data for morbidity and mortality

rates were extracted.

Among 989 patients included, the pooled 30-day or in-hospital mortality rate was 5.04% (95%CI = 1.13—
10.74), stroke rate was 2.38% (95%CI = 0.13-6.30), and the irreversible paraplegia due to spinal cord injury
rate was 0.63% (95%CI = 0.00-2.73). Finally, the pooled cumulative survival at 1 year was remarkably high

Results

(86.7%, 95%CI = 81.08-92.90).

Frozen elephant trunk is a safe alternative to conventional elephant trunk repair for extensive aortic arch

Conclusions

Keywords

pathologies with acceptable short- and mid-term results, avoiding the interval mortality hazard.

Hybrid procedures # Aorticarch # Frozen elephant trunk
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Summary

Treating complex aortic arch disease with proximal and distal aortic segment involvement is challenging. In recent years, different surgical
and endovascular techniques have been applied in a single or multiple-stage approach with the aim to cure and simplify these conditions.
The first procedure available for this purpose was the conventional elephant trunk technique. Its recent evolution is the frozen elephant
trunk, which treats the descending thoracic aorta using the antegrade release of a self-expandable stent graft. In the following review
article, we analyse the advantages and drawbacks of both techniques from clinical and practical perspectives.

Keywords: Aortic arch « Frozen elephant trunk « Elephant trunk « Aortic « Cerebral perfusion
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Not definitive repair (second stage operation is required)

No need to clamp proximally the LSA (reduced stroke and
paraplegia risk, 0.4%-2.8% SClI risk)

Partial false lumen thrombosis due to reentries
Kinking, graft occlusion and clot formation around the graft

Conventional
elephant trunk

Table 1:  Elephant trunk procedure options for extensive aortic arch and descending thoracic aorta pathologies

Surgical technique Advantage Disadvantage
i Conventional o Simplify distal aortic arch anastomasis [10, 20, 49] o Need all stage procedure [4, 19, 20, 49]
~ elephanttrunk o Facilitate thoracoabdominal aortic interventions|2, 5,10, 49] ¢ Interval mortality [4, 5, 44]
FET o Allows single-stage treatment [1, 19, 26, 38] s Increased risk of spinal cord injury [7, 39, 44, 47]
o Facilitates thoracoabdominal aortic interventions [17, 28, 19] o Technically demanding[31, 37]
» Reduces the risk of additional distal aortic surgery [26, 28, 30, 41] o Cost of the device [52]
[

Allows single-stage treatment (20% risk for secondary
reintervention)

Over than to 10% SClI risk- increased paraplegia risk

Induce depressurization and false lumen thrombosis and fully
opens compressed true lumen

Prolonged hypothermic circulatory arrest



Preventza et al

Neurologic complications after the fro
procedure: A meta-analysis of more tl

TABLE 4. Summary of clinical outcomes

Orverall SCUparalysis/

Owverall stroke paraplegia Operative mortalit

First authaor (year) N S (955 C1) % (95% 1) % (954 C1)
Usui (2002)" 24 4.2(00-122) 125 (0.0-25.7) 0.0 {0.0-0.0)
Fores (2006)'* 25 16.0 {1.6-30.4) 240 (7.340.7) 120 (0.0-24.7)
Shimamura (2008)'° 126 5.6(1.6-9.6) 63(2.1-106) 56(1.6-9.6)
Li (2009 3l 12 (0.0-9.4) 0.0 (0.0:0.0) 6.5 (0.0-15.1)
Chen (2010)"" 28 10.7 (0.0-22.2) 0.0 {0.00.0) 143013212
Sun (2010)" 19 5.3 (D.0-15.3) 0.0 (0.0-0.0) 53 (0.0-153)
Lima (2012)"" 3l 129 (1.1-24.7) 129(1.1-24.7) 97 (0.0-20.1)
Shen (2012)° 38 0.0 (0.0-0.0) 53(0.0-124) 79 (0.0-16.5)
Zhao (2012)” 24 4.2(00-122) 0.0 {0.00.0) 42(00-122)
Hoffinan (2013)” 3z 0.0 (0.0-0.0) 0.0 (0.0-0.0) 31 (0.0-9.2)
i Marco (4)14)™ 1" 9.1 (00-26.1) 0.0 {0.0-0.0) 0.0 (0.0-0.0)
Ma (2014)°+ 456 29(13-4.4) 24(1.0-3.8) 8.1 (5.6-10.6)
Ma (2014B)"* 347 0.9 (00-1.8) 23{0.7-3.9) 432265
Nakamura (2014)™ 51 NR 39(0.09.2) NR
Shi (2014)" a4 1.3 (223-404) 0.0 {0.0-0.0) 60 (0.9-11.0)
Xiao (2014)" 3 0.0 (0.0-0.0) 0.0 (0.0:0.0) 182 (5.0-31.3)
Yang (2014)” 86 NR 23{0.0-5.5) 58(0.9-10.5)
Zhang (2014)" EES 14.8(74-222) 0.0 {0.0-0.0) 57 (0.8-10.5)
Dias (2015)° 21 4.8(00-139) 95(0.0-22.1) 143 (0.0-20.3)
Hiraoka (2015) 26 7.7100-17.9) 115 (0.0-238) 0.0 {0.0-0.0)
Katayama (2015)" 224 2.7 {06-4.8) 36(1.1-6.0) 36(L1-60)
Ahmad (2016)" 14 14.3 (040-32.6) 0.0 {0.0-0.0) 0.0 (0.0-0.0)
Gong (2016)" 74 6.8(1.0-125) 68 (1.0-125) 122 (4.7-19.6)
Leontyey (2016)" 509 8.1 (5.7-104) 75(5.29.7 159 (12.7-19.1)
Ma (2016) 9 .3 (25.043.7) 0.0 {0.00.0) 172(9.7-24.6)
Shrestha (2016) ™ 100 9.0 (34-14.6) 7.0(2.0120) 7.0{2.0-12.0)
Aalaci-Andahili (2017)" 48 63 (00-131) 42(0.0-9.8) 167(6.1-27.2)
Chen (2017)" 20 NR 5.0 (0.0-14.6) 5.0 (0.0-14.6)
Hu (2017} 106 4710788 00 {0.00.0) 75(2.5-12.6)
Preventza (2017)" 37 5.4 (00-127) 54 (0.0127) 216 (8.4-34.9)
Verhoye (2017)" 94 0.6 (16-155) 430283 1TG2IRY
Koizumi (2017)** 30 10.0 (0.0-20.7) 3300.09.8) 0.0 {0.0-0.0)
Kreibich (2018)" 14 14.3 (00-326) 0.0 {0.0-0.0) 00 {0.0-0.0)
Ma (2018) 132 409 (32.549.3) 0.0 {0.0-0.0) 144 (£.4-20.4)
Roselli (20187 72 2.8 (0.0-6.6) 42(0.0-8.8) 42(0.0-88)
All studies (range) 3154 0-40.9 0-24.0 0216
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Adult
F ET v Subgroup Analysis
Extent of SC Coverage SCl

=15 cm stent length / Coverage at or distal to T8
(6 studies / 201 patients)

= —p

P <.001
=10 cm stent length
(19 studies / 1634 patients)
gfsit‘;':d't‘-’s t Dissection (Type A or DeBakey Type ) / Overall Adverse Event
e Aneurysm, Nondissection (Mortality / Stroke / SCI)
4.7% SCI Ao Dissect
7.6% Stroke ute Dissection
8.8% Mortality (12 studies / 1300 patients) e
Nonacute Dissection / Aneurysm
e (14 studies / 741 patients)

FIGURE 4. A visual summary of the main points of our study. The overall pooled rates of the outcomes of interest were 4.7%, for overall $CI, 7.6% for
overall stroke, and 8.8% for operative mortality. Additionally, 2 subgroup analyses were performed: One showed that SCI was significantly more frequent in
the patients with longer stents or coverage at or beyond T8. The other subgroup analysis found that the FET technique was associated with higher rates of
mortality and stroke in patients with acute type A dissection, and the overall adverse event rate (which included mortality, stroke, and SCI) was higher in
these patients, too. FET, Frozen elephant trunk; SC, spinal cord; SCI, spinal cord ischemia.
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Central Message

In FET, 10-cm stent length is advisable; length
15 cm or greater or coverage to or beyond T8
should be avoided to prevent SCI. FET should
be used cautiously for acute type A aortic
dissection.

L T S Ca L R T

Conclusions: As the frozen elephant trunk procedure becomes more popular, ac-

curate data regarding outcomes are vital. We associated the frozen elephant trunk  Gee Commentary on page XXX.
technique with (nonsignificantly) more adverse events overall in acute type A

dissection cases. Stent length of 10 cm was associated with significantly less

risk of spinal cord ischemia. Using a stent 15 cm or greater or coverage extending

to T8 or farther should be avoided. (J Thorac Cardiovasc Surg 2019; l:1-14)
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Total arch repair with frozen elephant trunk using the

‘““zone 0 arch repair” strategy for type A acute
aortic dissection

Hiroshi Yamamoto, MD, PhD, Takayuki Kadohama, MD, PhD., Gembu Yamaura, MD, PhD,
Fuminobu Tanaka, MD, Daichi Takagi, MD, Kentaro Kiryu, MD, and Yoshinon Itagaki, MD

ABSTRACT

Objective: The aim of this study was to investigate the effect of frozen elephant
trunk deployment from the zone () aorta to the descending aorta on early and
midterm postoperative results in patients with acute type A aortic dissection.

Methods: Between October 2014 and April 2018, 108 patients underwent a com-
bined strategy of frozen elephant trunk deployment, ascending aortic replace-
ment, and arch vessel reconstruction (**zone 0 arch repair™ strategy) for acute
tvpe A aortic dissection (excluding DeBakey type II). Of the 108 patients, 32
(29.6%) had pri tears of the aortic arch or descending aorta.

esults: The 30-day mortality rate was 2.8% (3 patients), and in-hospital mortal-
ty rate was 6.5% (7 patients). New-onset permanent neurologic dysfunction and
spinal cord injury occurred in 3.7% and 0% of patients, respectively. Five of the
101 survivors underwent thoracic endovascular aortic repair during hospitaliza-
fion (2 for rapid false lumen enlargement; 3 for true lumen stenosis). The overall
survival was 89.8%,88.1%, and 88.1% at 1, 2, and 3 years, respectively. The cu-

ulative incidence of distal aortic reintervention was 5.8%%,9.1% ., and 9.1% at 1,

.and 3 vears, respectively. Two patients underwent thoracic endovascular aortic
epair for distal aortic enlargement after discharge.

strategy can eliminate the need
for invasive aortic arch resection. It also eliminates the false lumen and produces
satisfactory early and midterm postoperative results. Therefore, it can be an alter-
native to hemiarch and total arch replacements, which are based on a conventional
“‘tear-oriented resection”” strategy. (J Thorac Cardiovasc Surg 2019:1l:1-10)

FET from the zone O aorta, ascending aortic replace-
ment, and arch vessel reconstruction.

Central Message

“Zone (0 arch repair,”” consisting of FET
deployment from the zone 0 aorta, ascending
aortic replacement, and arch vessel reconstruc-
tion, is straightforward and produces satisfac-
tory late results.

Perspective

TAR, based on a tear-oriented strategy, is more
invasive and carries a higher risk of unfavorable
early results but less risk of late aortic reinter-
vention than ascending aortic replacement.
“Zone (0 arch repair,”” consisting of FET
deployment from the zone 0 aorta, ascending
aortic replacement, and arch vessel reconstruc-
tion, is straightforward and provides satistac-
tory late results.
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(Circulation. 2011:;123:971-978.)
Total Arch Replacement Combined With Stented Elephant
Trunk Implantation

A New “*Standard’ Therapy for Type A Dissection Involving Repair of the
Aortic Arch?

LiZhong Sun. MD*: RuiDong Qi, MD*; JunMing Zhu. MD: YongMin Liu. MD: Jun Zheng. MD

Table 3. Postoperative Outcomes
Acute Dissection Chronic Dissection
Variable SET (n=148) CSR (n=66) P SET (n=148) CSR (n=66) P
Injury to recurrent nerves, n (%) 0 0 3(2.1) 0 0.563
Stroke, n (%) 4(2.7) 1 (1.5) 1.000 3(2.1) 0 0.563
Paraplegia, n (%) < 2 (1.4) 0 1.000 0 0 }
Paraparesis, n (%) 1.(0.7) 1(1.5) 0.523 4(2.8) 0 -
Acute renal failure, n (%) 1(0.7) 2 (3.0) 0.226 2(1.4) 0 1.000
Ventilator support of duration =5 d, n (%) 14 (9.5) 5 (7.6) 0.797 7 (4.9) 1(1.9) 0.450
Return to operating room for bleeding, n (%) 5(3.4) 2 (3.0) 1.000 10(7.0) 5(9.3) 0.560
Drainage of pericardial sac, n (%) 1(0.7) 0 1.000 2(1.4) 1(1.9) 1.000
In-hospital death, n (%) < 747 4 (6.1) 0.741 2(1.4) 2(3.7) 030>
SET indicates stented elephant trunk; CSR, conventional surgical repair.
Table 5. Follow-Up Results
Acute Dissection Chronic Dissection
Variable SET (n=141) CSR (n=62) P SET (n=141) CSR (n=52) P
Follow-up time (+=SD), mo 42+18 49+20 0.007 43+19 46+22 0.408
Out of follow-up, n (%) 6 (4.3) 5 (8.1) 0.316 8 (5.7) 3 (5.8) 1.000
Thrombosis of the false lumen, n (%) 130 (94.2) 7 (14.5) 0.000 126 (92.0) 3(10.3) 0.00
Secondary surgical intervention, n (%) 1(0.7) 4 (6.5) 0.031 4(2.8) 2(3.8) 0.66
Follow-up death, n (%) 4(2.8) 2(3.2) 1.000 6(4.3) 3(5.8) 0.704

SET indicates stented elephant trunk; CSH, conventional surgical repair.
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Fate of distal aorta after frozen elephant trunk :
arch replacement for type A aortic dissection in
Marfan syndrome

Yu Chen, MD.* Wei-Guo Ma, MD,*"“ Ai-Hua Zhi, MD." Lingeng Lu, MI
Wei Zhang, MD,* Yong-Min Liu, MD.*" Jun-Ming Zhu, MD.*" John A. E
Li-Zhong Sun, MD*"

ABSTRACT

Objective: The use of the frozen elephant trunk technique for type A aortic
dissection in Marfan syndrome is limited by the lack of imaging evidence for
long-term aortic remodeling. We seek to evaluate the changes of the distal aorta
and late outcomes after frozen elephant trunk and total arch replacement for
type A aortic dissection in patients with Marfan syndrome.

Methods: Between 20003 and 2015. we nerformed frozen elenhant triink < total

arch r ype A
aoric  Central Message s, and
wisce In 172 patients with Marfan syndrome waion
e of suffering from type A aortic dissection, the fp‘?f,‘é
2"€1%¢  frozen elephant trunk technique induced true “*°
Resulr lumen expansion across the aorta, stabilized /. ana
217 % the distal aorta in 63.5%, and achieved a "¢
all se2 - 65% event-free survival at 8 years. pphant

was stable at the tfrozen elephant trunk and renal artery (£ = .05), but grew at
the descending aorta (P = .001) and diaphragm (P <.001). Respective maximal
aortic sizes before discharge were 40.2 mm, 32.1 mm, 31.6 mm, and 26.9 mm, and
growth rate was 0.4 mm/year, 2.8 mm/year, 3.6 mm/year, and 2.6 mm/year. By the
latest follow-up, distal maximal aortic size was stable in 63.5% (99/156), and
complete remodeling down to the mid-descending aorta occurred in 28.8% (45/
156). There were 22 late deaths and 23 distal reoperations. Eight-year incidence
of death was 15%, reoperation rate was 20%, and event-free survival was 65%.
Preoperative distal maximal aortic size (mm) predicted dilatation (hazard ratio,
1.11; P <.001) and reoperation (hazard ratio, 1.07; P <.001). A patent false lumen
in the descending aorta predicted dilatation (hazard ratio, 3.88; P <.001), reoper-

Conclusions: The frozen elephant trunk technique can expand the true lumen
cross the aorta. decrease or stabilize the false lumen. and stabilize the distal aorta
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Table 4:  Postoperative clinical characteristics for cET vs FET patients and for patients with and without Type A aortic dissection

Total cET FET P
n=171 n=125% n=46
Postoperative outcome
PND 26 (15.2) 20 (16.0) 6(13.0) 06
TND 27 (15.8) 23 (18.4) 4(87) 0.1
(Paraplegia 15(8.8) 5 (4.0) 10(21.7) <0.001)
Respiratory failure 76 (44.4) 57 (45.6) 19(41.3) 0.6
Renal failure 34(19.9) 23 (18.4) 11(239) 04
Reoperation for bleeding 30(17.5) 24(19.2) 6(13.0) 03
30-day mortality 78 (164) 7A(19.2) 7787 01
In-hospital mortality 31(181) 27 (21.6) 4(87) 0053
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TABLE 3. Postoperative data

Total Ancurysm Acute dissection Chronic dissection
Group A  Group B Group A Group B Group A Group B Group A Group B
IET) (FET) P IET) (FET) P (ET) (FET) P IET) (FET) P
Patients 97 180 43 62 47 67 7 31
Ventilation 0.91 1.2 A3 0.63 0.87 055 2.1 2.0 19 076 1.2 .29
(d [range]) (0.58-2.7) (058-44) (0.50-1.00  (0.51-3.2) (0.84-5.8) (0.70-5.6) (0.4040.96)  (0.54-4.6)
Hospital stay 12 (7.5-200 15(9.0-23) 037 12(9.0-18) 15(9.0-22) .31 14(5.0-22) 13 (8.0-21) LOO 11 (8.0-12) 17 (12-30) .0049
(d [range])
Rethoracotomy 23 (24) 30(17) .20 6 (14) 8 (13) 1.00 15 (32) 12 (18) 12 2(29) 10 (20) 62
for bleeding
Stroke 12 (12) 24 (13) 1.00 2(5) 6 (10) A7 10 (21) 11 (16) .62 0 (0} 6 (12) 1.00
Prolonged 27 (28) 44 (24) 57 4(9) 8 (13) 6 13 (28) 10 (15) 10 1 (14) 14 (28) 66
ventilation
Paraparesis 3(5) 9(5) 1.00 0 2(3) A1 5(1D) 6 (9) 16 0 (0} 1 (2) 1.00
Recurrent nerve 15 (16) 36.(20) 42 2 (19 10 (16) B0 5(1D) 13 (19) 30 1 (14) 9 (18) 1.00
palsy
Renal failure: 12 (12) 25 (14) 85 2(5) 7(11) S0 10 21 9(13) 31 0 (0) 9 (18) S8
dialysis

30-d mortalitg__ 24 25)  22(12) 01T 4 (9) 9 (15) SEA9(40)  10(15) 004 D (14) 4 (8) 42

Boldface indicate P < .005. Values are n, or n (%), unless otherwise indicated. ET, EIEcIRhant tmmk; FET, froren elephant trunk.
proximal descending aorta., ine FeEl approach polentidlly allows I0r single-stage merapy. whereas a second-

stage operation is inevitable with the classic ET approach. Moreover, owing to the availability of prefabricated,
easy-to-use, FET, hybrid prostheses that result in significantly better outcomes in patients who have acute aortic
dissection, type A, and if necessary, and provide an ideal ““landing zone™” for future endovascular completion, the
classic ET procedure is ““freezing.” in the sense that it is being replaced by the FET approach. (J Thorac Car-
diovasc Surg 2015;149:1286-93)
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Conventional versus frozen elephant trunk surgery for
extensive disease of the thoracic aorta
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Objective To compare early and mid-term outcomes after
repair of extensive aneurysm of the thoracic aorta using the
conventional elephant trunk or frozen elephant trunk (FET)
procedures.

Methods Fifty-seven patients with extensive thoracic
aneurysmal disease were treated using elephant trunk
(n= 36) or FET (n= 21) procedures. Patients with aortic
dissection, descending thoracic aorta (DTA) diameter less
than 40 mm, and thoracoabdominal aneurysms were
excluded from the analysis, as were those who did not
undergo antegrade selective cerebral perfusion during
circulatory arrest. Short-term and mid-term outcomes were
compared according to elephant trunk/FET surgical
management.

Results Preoperative and intraoperative variables were
similar in the two groups, except for a higher incidence of
female sex, coronary artery disease and associated
procedures in elephant trunk patients. Hospital mortality
(elephant trunk: 13.9% versus FET: 4.8%; P= 0.2),
permanent neurologic dysfunction (elephant trunk: 5.7%
versus FET: 9.5%; P=0.4) and paraplegia (elephant trunk:
2.9% versus FET: 4.8%; P= 0.6) rates were similar in the two
groups. Follow-up was 100% complete. In the elephant
trunk group, 68.4% of patients did not undergo a second-
stage procedure during follow-up for a variety of reasons. Of
these patients, the DTA diameter was greater than 51 mm in
72.2% and two (6.7%) died due to aortic rupture while
awaiting stage-two intervention. Endovascular second-
stage procedures were successfully performed in all FET

patients with residual DTA aneurysmal disease (n = 3),
whereas nine of 11 elephant trunk patients who returned for
second-stage procedures required conventional surgical
replacement through a lateral thoracotomy. Kaplan —-—Meier
estimate of 4-year survival was 758 = 7.6 and 72.8 =10.6 in
elephant trunk and FET patients, respectively (log-rank

P = 0.8).

Conclusion In patients with extensive aneurysmal
disease of thoracic aorta, elephant trunk and FET
procedures seem to be associated with similar
satisfactory early and mid-term outcomes. The FET
approach leads to single-stage treatment of all aortic
disease in most patients, and facilitates endovascular
second-stage treatment in patients with residual DTA
disease. The elephant trunk staged-approach appears to
leave a considerable percentage of patients at risk for
adverse aortic events.

J Cardiovasc Med 2014, 15:8032-809

Keywords: aneurysm, aorta, great vessels, hybrid
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Abstract

OBJECTIVES: Our goal was to compare the results and outcomes of second-stage completion in patients who had previously undergone
the elephant trunk (ET) or the frozen elephant trunk (FET) procedure for the treatment of complex aortic arch and descending aortic
disease.

METHODS: Between August 2001 and December 2014, 53 patients [mean age 61 £ 13 years, 64% (n =34) male] underwent a second-stage
completion procedure. Of these patients, 32% (n=17) had a previous ET procedure and 68% (n=36) a previous FET procedure as a first-
stage procedure.

RESULTS: The median times to the second-stage procedure were 7 (0-78) months in the ET group and 8 (0-66) months in the FET group.
The second-stage procedure included thoracic endovascular aortic repair in 53% (n=28) of patients and open surgical repair in 47%
(n=25). More endovascular interventions were performed in FET patients (61%, n =22) than in the ET group (35%, n =6, P=0.117). The in-
hospital mortality rate was significantly lower in the FET (8%, n=3) group compared with the ET group (29%, n=5, P =0.045). The median
follow-up time after the second-stage operation for the entire cohort was 4.6 (0.4-10.4) years. The 5-year survival rate was 76% in the ET
patients versus 89% in the FET patients (log-rank: P=0.11).

CONCLUSIONS: We observed a s,ignif-i-:an’[h,.-r lower in-hospital mortality rate in the FET group compared to the ET group. This result might
be explained by the higher rate of endovascular completion in the FET group. We assume that the FET procedure offers the benefit of a
more ideal Iandinﬁ zone, thus facilitatinﬁ endovascular completion.

Keywords: Frozen elephant trunk - Aortic arch replacement - Second-stage aortic repair
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Abstract
OBJECTIVES: Our goal was to present our 15-year experience (2001-2015) with the frozen elephant trunk (FET) technique.

METHODS: A total of 251 patients (82 with aortic aneurysms, 96 with acute aortic dissection type A, 4 with acute type B dissections, 52
with chronic aortic dissection type A, 17 with chronic type B dissection and 67 redo cases) underwent FET implantation with either the
custom-made Chavan-Haverich (n =66), the Jotec E-vita (n=31) or the Vascutek Thoraflex hybrid (n=154) prosthesis. The cases were as-
signed to an early period (2001-2011) and a contemporary period (2012-present).

RESULTS: Mean cardiopulmonary bypass time, aortic cross-clamp time, circulatory arrest time and selective antegrade cerebral perfusion
time were 241 +72, 125+ 59, 56+ 30 and 81 * 34 min, respectively. Incidence of rethoracotomy for bleeding, stroke, spinal cord injury, pro-
longed ventilatory support (>96 h) and long-term dialysis were 18, 14, 2, 24 and 2%, respectively. The in-hospital mortality rate was 11% (in
acute aortic dissection type A, 12%). Of the 2 patients with graft infections, 1 died and the other had a protracted hospital stay. There were
49 second-stage procedures in the downstream aorta: either open surgical [n =25 (thoraco-abdominal, n=15; descending, n = 6; infrarenal,
n =4)] or transfemoral endovascular (n = 23). Elective thoracic endovascular aneurysm repair R implantation was successful in all 23 cases.

CONCLUSIONS: FET results are comparable with those of the published results of the conventional elephant trunk technique. FET is an
ideal landing zone for subsequent transfemoral endovascular completion. Patients with graft infections may have dismal results.

Keywords: Frozen elephant trunk - Aortic surgery « Aneurysm « Aortic dissection
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Which Frozen Elephant Trunk Offers the Optimal Solution? Reflections From Essen
Group.

Tsagakis K, Jakob H2.
+ Author information

Abstract
Frozen Elephant Trunk (FET) combines the advantages of open and endovascular surgery for the freaiment of complex

aortic arch pathologies extending into the descending aorta. At University Hospital Essen, operative skills were developed

to make FET surgery safer including guidance and control of FET deployment into the descending aorta by angioscopy and

faciltation of arch repair by moving the distal anastomosis to Zone 2 and more proximally. Selective whole body perfusion
during the arch repaic was used 10 imorove organ protection Under moderale vpolhermia. Our results demonstrate

acceptable mortality in this high risk patient population and reduction of postoperative morbidity in the last years. With
regard to the rate of exclusion of aneurysms in the distal arch and the false lumen in acute aorfic dissection, FET should be
the treatment of choice in both. In chronic aortic dissection and extensive descending aortic aneurysms, FET represents a
safe first stage procedure and provides an ideal docking place in the mid-descending aorta for a second endovascular or
en thoracoabdominal aortic repair, if required.

Copyright © 2019. Published by Elsevier Inc.
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debranching
Total cohort (n = 168) Propensity-matched cohort (n=52)
FET Arch debranching P-value FET Arch debranching P-value
(n=132) (n=36) (n=26) (n=26)
Acut f
30-day mortality (%) 19(14.4) 2(5.6) 0.254 6(23.1) 2(7.7) 0248
Stroke (%) 7(5.3) 2(58) >0.999 1(3.8) 2077 >0999
TND (%) 47(35.6) 10(27.8) 0379 7(26.9) 7 (26.9) >0.999 o
ARD (%) 20(15.2) 3(83) 0414 3(11.5) 2(7.7) >0.999 <
Pulmonary infection (%) 44(333) 8(222) 0201 6(23.1) 5(19.2) 0734 5
Tracheotomy (%) 26(19.7) 5(13.9) 0426 . - - §
. Reoperation (%) 9(6.8) 3(83) 0754 - B -
Division of Ca ICU time (days) >
. Mean £ SD 76+44 6.1+56 0.079 7.2+41 65+6.2 0375
CD"E'5_P°"d Median (IQR) 7.1(4.8-9.6) 48(26-84) 7.0(4.6-9.7) 53(27-80) logy.
1095 Jiefang | ventilation time (h)
Mean + SD 126.1+90.5 9.2+ 915 0.033 1244+ 840 1005 £89.0 0.140
Received 31 N Median (IQR) 112(49.3-159.5) 625 (16.8-1483) 115(49.8-180.0) 69.0 (23.5-1483)
Total drainage (1)
- Mean +SD 42+23 3627 0.080 38+20 34+26 0132 -
Abstract Median (IQR) 4.2(2.5-53) 29(15-53) 41(24-42) 27(1.0-5.6)
Time in hospital (days)
OBJECTIVE Mean +SD 234+137 285+1938 0.076 204+ 108 251+149 0693 Iro-
cedures for Median (IQR) 23(14-30) 245 (17.3-353) 215(11.2-29.3) 215(14.3-31.8)
METHODS: | Values are represented as median (interquartile range) or n (%). Jrtic
arch replace ARD: acute renal dysfunction; FET: frozen elephant trunk; ICU: intensive care unit: IQR: interquartile range; SD: standard deviation; TND: transient neurologic  y/55-
dysfunction.
cular stent fied.

Perioperative data and mid-term follow-up results were assessed.

RESULTS: In the FET and the debranching groups, the 30-day mortality rates were 14.4% and 5.6% (P=0.254) and the incidence of stroke
was 5.3% and 5.6% (P> 0.999). Cardiopulmonary bypass time was significantly shortened, and the circulatory arrest was exempted in the
debranching group. Cardiopulmonary bypass time was identified as a predictor for 30-day mortality (P=0.027, odds ratio 1.01). Body
mass index >25 kg/m? was associated with multiorgan dysfunction syndrome (P=0.016, odds ratio 3.51). Surgical modality did not signifi-
cantly affect early outcomes. The 3-year survival rate was 76.1% (95% confidence interval, 63.0-81.9%) in the FET group and 82.5% (95%

confidence interval, 65.2-91.8%) in the debranching group (P =0.330).

CONCLUSIONS: The hybrid aortic arch procedure without circulatory arrest can be safely performed on patients with acute Type | aortic
dissection. Irrespective of cost-effectiveness, arch debranching was a promising alternative for patients who were unfit for the FET
procedure.

Keywords: Aortic arch - Aortic dissection + Endovascular procedures - Propensity matching
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‘TABLE 4. Early outcomes for total and propensity-matched cohorts

Total cohort (n = 937) Propensity-matched cohort (n — 218)
FET Hybrid FET Hyhbrid b b
L]a Variable (n = 815) (n = 122) P value (n = 109) (n = 109) P value ¥ Su 1. MD. Junta[} Q]u- MD-
w Early postoperative death 10.7% (87) 9% (11) 5767 17.4% (19) 9.2% (10) 0727
%
Composite rate of complications 20.2% (165) 15.6% (19) 2257 25.7% (28) 15.6% (17) 0657 =
s
Infection 27.9% (227) 19.7% (24) 0571 36.7% (40) 18.3% (20) 0024 = Matched
A || Renal insufficiency 32.3% (263) 23% (28) 0380 38.5% (42) 22.9% (25) 0126 — E 100 + —
22 ' Dialysis 9.6% (78) 9.8% (12) 9260 16.5% (18) 10.1% (11) 1627 g 4
& 4
()l . Hepatic insufficiency 31.4% (256) 22.1% (27) A0373 33.9% (37) 20.2% (22) 0222 . H
1] Stroke 4.4% (36) 0% (0) 0099 2.8% (3) 0% (0) 2465 repair E 60 1
rs <
A iel Paraplegia 4.4% (36) 0% (0) 0099 6.4% (7) 0% (0) oa1 ch for £ 40
DeF sa 6.9% (56) 2.5% (3) 0704 8.3% (9) 2.8% (3) 1348 2 2 P 403 —_~ Hybrid group
Transient mental dysfunction 14.1% (115) 13.1% (16) 7674 21.1% (23) 12.8% (14) 1044 E —— FET group
w
: : o 0 0 0 - 0 T T T T T 1
EIEI Cardiac dysfunction 2.3% (19) 3.3% (4) 5268 4.6% (3) 3.7% @) 1.0000 e I.]. on E 0 12 o a6 48 50 72
i : <functi o, o o, o
;]{J Gastrointestinal dysfunction 12.8% (104) 11.5% (14) 6RO 15.6% (17) 11% (12) 3187 1[}1.,\»;—3;;[ Months
Reoperation for bleeding 3.7% (30) 5.7% (T) 2766 2.8% (3) 4.6% (5) 4712 Numbers at risk
. - - Hybrid: 109 74 55 48 39 24 12
947.2 2 2 q g (
l.h":'].l_ Blood loss during operation (mL) 947.2 + 773.02 87238 + 543.34 3818 96431 + 516.55 866.79 + 541.79 0617 ﬁ" OFen EET- 109 ao 55 ag 25 12 8
ﬂlﬂ]’.’ sl prriirei ez 1 }' h[‘i 'LI. FIGURE 2. Free from reintervention rates for all patients after propensity
Red cell (U) 6.83 + 8.85 6.04 + 5.44 4658 893+ 874 5.94 £557 0201 b matching . Free from reintervention rates at 1 year, 3 years, and 5 years Were s
AOrlL FFP(mL) 873.97 + 1024.34 677.87 + 861.63 0075 92056 £ 934.53 672.48 + B64.51 0182 :IJ . We 100%, 98.1%, and 92.2%., respectively, in the hybrid group and 100%,
Platelet (L)) 245 + 262 1.87 + 1.56 0011 273+ 252 19 + 1.61 0016 T‘()(:j %o, and 92.6% (P = .403), respectively, inthe FET group. FET, Frozen tﬂl
. . g E
sele ICU stay (h) 6959 + 63.08 8536 + 63.45 0047 7948 & 65.67 85.80 + 65.18 5663 luded T
e;]_[']. Hospital stay (d) 1645 + 11.28 16.7 + 7.55 0141 17.7 £12.25 17.06 + 7.69 2161 AOIrta
Endoleaks (type Ia) 0% (0) 7.4% (9) <.0001 0% (0) 7.3% (8) <0001
rem

FET. Frozen elephant ounk: SCI. spinal cord ischemia; FFP, fresh-frozen plasma: JCU. intensive care unit.

Results: Early mortality and complication rates were lower in the hybrid group,
but the difference was not statistically significant (9.2% wvs 17.4%, P = .073;
15.6% vs 25.7%., P = .066). The rates of postoperative renal insufficiency was
significantly lower in the hybrid group than in the frozen elephant trunk group
(22.9% vs 38.5%. P = .013); liver insufficiency and paraplegia were significantly
lower in the hybrid group than in the frozen elephant trunk group (20.2% vs
33.9%, P = 022; 0% vs 64%, P = .014). After matched, the l-year, 3-year,
and 5-year survivals were 87.6%, 86.3%, and 82.2%, respectively, in the hybrid
group and 80.7%, 76.5%. and 74.6% (P = .071), respectively, in the frozen
elephant trunk group.

Conclusions: Hybrid aortic arch repair is a viable alternative treatment for
patients with DeBakey type 1 aortic dissection, which improves outcomes and
promotes remodeling of the dissected thoracic aorta. (J Thorac Cardiovasc Surg
2019; 1 :1-8)
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FIGURE 1. Kaplan—-Meier survival curves for all patients after propensity

matching. The 1-, 3-, and 5-year survivals were 87.6 %, 86.3%, and 82.2%,
S £ respectively, in the hybrid group and 80.7%, 765%, and 74.6%

(P = .071), respectively, in the FET group. FET, Frozen elephant trunk.



Table 4
Postoperative Early-Term Morbidity

Older-Than-60-Years Group

Younger-Than-60-Y ears Group

Total Cohort (n= 142}

Propensity-Matched Cohort (n = 88)

Total Cohort (n= 167)

Propensity-Matched Cohort (n = 60)

Debranching TAR P Debranching TAR p Debranching TAR p Debranching TAR P
Parameters (n=38) in=84) Value (n=44) (n=44) Value (n=39) (n=128) WValue (n=30) (n=30) Value
Transfusion 6(10.3) 25(20.8) 0.006 5(11.4) 13(29.5) 0.034 37N 22(17.2) 0146 2(6.7) 5(16.T) 0421
Renal failure (n) 3 (5.2) 200023.8) 0.003 2(4.5) 100227 0,013 1(26) 13(10.2) 0243 1(3.3) 3(10.0) 0.605
Neurologic 3(5.2) 14 (16.7) 0.038 2(4.5) 8(18.2) 0044 2051 6 4.7 0752 2(6.7) 1(3.3) =999
dysfunction (n)
Lung infection (n) 2 (3.4) 18 (21.4) 0002 1(2.3) 8(18.2) 0.035 1(26) 11 (86) 0356 1(3.3) 3(10.0 0.605
Pleural effusion (n) 0 (0.0) 3(3.6) - 0 (0.0 1(2.3) - 0 (0.0 1(0.8) - 0 (0.0 1(3.3) -
Wound 0 (0.0 4(3.6) - 0 (0.0 245 - 0 (0.0 0 0.0 - 0 (0.0 0 (0.0) -
infection (n)
Internal 0 (0.0 0 (0.0} - 0(0.0) 0 0.0 - 0 (0.0 0 0.0 - 0(0.0) 0(0.0) -
leakage (n)

MNOTE. Values are expressed a
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Fig 5. Kaplan-Meier plots of overall survival by group TAR versus hybrid
debranching in patients older than 60 years. The 2-year survival rate of the
patients older than 60 years in the debranching group was higher than that of
patients in the TAR group (p < 0.05). TAR, total arch replacement.

 Conclusion: In the treatment of AAAD, patients older than 60 years undergoing hybrid debranching surgery had shorter hospital lengths of stay,
~ lower rates of neurologic events and renal insufficiency, and a higher mid-term survival rate compared with the TAR procedure, whereas there
hybri d d el was no statistical difference in hybrid debranching versus TAR in patients younger than age 6. Irrespective of reintervention, hybrid debranch-

be a promising surgical oglion for patients with AAAD older than 60 years.
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Ask no questions, and
you ll be told no lies.

Charks Dickens
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