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ABSTRACT

Background: Frozen elephant trunk (FET) enables treatment of arch and proximal
descending thoracic aorta aneurysms. In treating patients with single-stage FET, the
relationship of distal stent size to endoleak and reintervention has remained unex-
amined.

Methods: In this retrospective analysis of 63 cases in which FET was used to repair
aneurysms between 2008 and 2019, 36 were intended as single-stage procedures.
Effective sizing and sealing of distal stents were analyzed by preoperative and post-
operative computed tomography angiography (CTA).

Results: During a mean of 25.8� 5.7 months of CTA follow-up, 10 of 36 (28%) expe-
rienced endoleak, and 3 of 36 (8%) had sac expansion. Ultimately, 5 of 13 (38%) un-
derwent thoracic endovascular aneurysm repair. Patients without endoleak or sac
expansion were more likely to have stents with>10% oversize and a>30-mm seal
in healthy aorta compared with those experiencing these complications (11 of 23 vs
0 of 13; P ¼ .0031). Conversely, 11 of 36 patients (31%) with adequately oversized
and sealed stents developed fewer endoleaks compared with those without (0 of
11 vs 10 of 14; P< .0004). Patients with endoleak or sac expansion had smaller
mean distal stent oversize and shorter mean sealing length compared with those
without endoleak or sac expansion (2.3 � 3.9% vs 18 � 2.9% [P ¼ .0023] and
1 � 0.7 mm vs 34 � 6 mm [P ¼ .0005], respectively).

Conclusions: We recommend>10% distal stent oversize and>30-mm sealing
length to minimize endoleak and reintervention. Increasing multidisciplinary collab-
oration with endovascular surgeons will improve distal stent planning. (JTCVS Tech-
niques 2020;3:13-20)
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Method

63 patients with frozen elephant
trunk (FET) repair of arch or
thoracic aortic aneurysms

36 of these intended to be single-
stage procedures with distal stent
of FET achieving seal

Analysis of follow-up CT angiograms
for stent sizing, endoleak and sac
expansion

Distal stents with>10% oversize and a>30-mm
sealing length do not develop endoleak.
h

CENTRAL MESSAGE

We recommend>10% distal
stent oversize and>30-mm
sealing length in single-stage
frozen elephant trunk repair of
aortic aneurysmal disease to
prevent endoleak and
reintervention.
PERSPECTIVE
The frozen elephant trunk enables single-stage
treatment of arch and proximal descending
thoracic aorta aneurysms, but the relationships
of distal stent size to endoleak and need for rein-
tervention remain unexamined.We show that pa-
tients with adequately oversized and sealed stents
developed fewer endoleaks and required fewer
reinterventions compared with those with insuffi-
cient oversizing or sealing length to the distal
stent.

See Commentaries on pages 21 and 23.
Frozen elephant trunk (FET) repair of the arch and thoracic
aorta was introduced as a single-stage solution to extensive
aortic arch and proximal thoracic aortic aneurysmal disease.
The device consists of a proximal Dacron surgical graft for
revascularization of the aortic arch and a distal reinforced
stent graft designed to seal in the descending thoracic aorta,
connected by a cuff to which the distal arch anastomosis is
sutured.
Outcomes from FET procedures appear to compare

favorably with those from conventional elephant trunk pro-
cedures; a case series from Hannover demonstrated
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Abbreviations and Acronyms
CTA ¼ computed tomography angiography
DTA ¼ descending thoracic aorta
EACTS ¼ European Association for Cardiothoracic

Surgery
FET ¼ frozen elephant trunk
MDT ¼ multidisciplinary team
TEVAR ¼ thoracic endovascular aneurysm repair
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decreased in-hospital mortality for FET compared with
conventional elephant trunk.1 However, reintervention rates
to the distal aorta in FET procedures are similar to those in
conventional elephant trunk procedures,1 which is unex-
pected given that one of the advantages of the FET device
is to avoid further thoracic aortic procedures by creating a
primary distal seal. It is also concerning that FET proced-
ures appear to confer an increased risk of spinal cord
ischemia compared with conventional surgery.2

Endoleak around the distal stent graft may represent a
preventable complication resulting in further intervention
to prevent sac expansion and rupture; however, the inci-
dence of endoleak is not reported in many retrospective
FET case series.3,4 Other case series have reported an inci-
dence of endoleak of 11% to 33%.5-7 However, some
endoleaks in these series might have been intentional, in a
planned second-stage thoracic endovascular aneurysm
repair (TEVAR) to achieve a distal seal. The incidence of
endoleak does not vary according to the FET device
used.7 Rates of endovascular reintervention to the distal
aorta, where reported, are between 11% and 16%.8,9 Over-
all, the long-term performance of distal stent grafts in FET
procedures remains unknown.10

In infrarenal aortic aneurysms, an appropriate stent graft
oversize is known to prevent endoleak, aneurysm sac
expansion, and stent graft migration.11,12 However, there
are little data on the relationship between sizing of the distal
stent and later development of endoleak or ongoing sac
expansion in FET procedures. Indeed, the recommenda-
tions in the position paper from the vascular domain of
the European Association for Cardiothoracic Surgery
(EACTS) for FET procedures make no mention of appro-
priate distal stent sizing.10 In the present study, we aimed
to examine the relationship between distal stent graft over-
size and sealing length and the incidence of endoleak in
FET procedures intended to secure a distal seal in the
thoracic aorta.
METHODS
Data were collected retrospectively starting from a database of all FET

procedures performed in a single center between 2008 and 2019,
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containing dates of procedures together with the devices and sizes

used. All FET procedures were performed using either the E-Vita Open

device (JOTEC, Hechningen, Germany) or the Thoraflex device

(Vascutek Terumo, Inchinnan, Scotland). The E-Vita is available in distal

stent diameters of 20 to 40 mm with lengths of 130 to 160 mm, and the

diameter of the proximal graft to the aortic arch matches that of the distal

stent. The Thoraflex device’s distal stent is available in diameters of 24 to

40 mm and lengths of 100 to 150 mm, with varying combinations of di-

ameters of proximal graft diameter and distal stent diameter. The instruc-

tions for the Thoraflex device state that when used for aneurysmal

pathology, the distal stent diameter should exceed the thoracic aortic

diameter by 15% to 25% and the distal stent should seal in >40 mm

of healthy aorta. The instructions for the E-Vita device do not state sizing

recommendations for aneurysmal disease. The choice of device and size

was left to the operating cardiac surgeon; however, during the study

period, increased contact with endovascular surgeons, particularly for

elective cases, might have increased collaboration in the process of

device sizing.

Given the lack of consensus about what constitutes an appropriate over-

size and distal sealing length, a conservative threshold of 10% oversize and

30-mm distal seal were set for data analysis. Stents with<10% oversize

were considered undersized; stents with<30-mm contact between stent

and healthy landing zone in thoracic aorta were considered inadequately

sealed.

Computed tomography angiography (CTA) imaging pre-FET, the first

postoperative scan, and all follow-up scans were analyzed for endoleak.

All patients underwent annual surveillance CTA. Multiplanar reconstruc-

tion in 3 dimensions was used to measure orthogonal aortic diameters

and center line reconstruction software was used to measure aortic length.

On pre-FET CTA, a healthy landing zone for the distal stent was identified

by finding an area of nonaneurysmal (diameter<40 mm) nontortuous aorta

with<2mmmural thrombus occupying<25% of the aortic circumference.

The center lumen line distance of this from the origin of the left subclavian

artery was noted. On post-FET CTA, the length of aortic coverage by the

distal stent and the diameter of the aorta at this level were measured on

the pre-FET scan. This allowed for a comparison between the diameter

of the distal stent device and the diameter of the aorta where the distal stent

graft landed. The encroachment of the distal stent onto the previously iden-

tified appropriate landing zone was measured to calculate the length of the

distal seal.

The location of the maximum aortic diameter was used to define the pri-

mary location of the aneurysm under treatment (although other parts of the

aorta could still have been aneurysmal or ectatic). An endoleak was defined

as contrast visible outside the stent graft (in the aneurysm sac or alongside

the stent graft) on CTA. Aneurysm sac expansion was defined as an in-

crease in sac size on sequential scans at either the location of the original

aneurysm or in the thoracic aorta distal to the stent.

This work was carried out using an existing anonymized prospective

database of patients and imaging, collected as part of the organization’s

normal audit procedures where no individual can be identified retrospec-

tively. Patient consent for inclusion was taken at the time of entry to the

database.

Electronic clinic letters from both cardiothoracic and vascular surgery

departments were used to identify those patients who underwent further

surgery or a non-endoleak distal stent-related complication. Opinions

from the treating cardiothoracic surgeons and documentation from multi-

disciplinary team meetings were used to classify FET procedures as defin-

itive or intended for second-stage TEVAR.

Values are reported as mean � SEM or median (range) as appropriate.

Comparisons of 2 groups were done using the t test for parametric data and

the Mann–Whitney U test for nonparametric data. Comparisons of propor-

tions were performed using the c2 tests. Statistical significancewas consid-

ered to have been achieved at a P value<.05.
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RESULTS
Demographics

Out of 63 FET procedures performed for aneurysmal dis-
ease between 2008 and 2019, 36 were intended as a single-
stage procedure, with no preoperative plan for further open
or endovascular surgery to the thoracic aorta to achieve
aneurysm exclusion. Most of these procedures were per-
formed electively (26 of 36; 72%), with 7 of 36 (19%) per-
formed urgently or on an emergency basis. In 3 cases, the
urgency of the FET procedure was unknown.

FET procedures were performed for aneurysmal disease
of the ascending aorta (10 of 36; 27%), innominate artery (2
of 36; 6%), aortic arch (5 of 36; 14%), left subclavian ar-
tery (11 of 36; 31%), or descending thoracic aorta (5 of
36; 14%), as defined by the location of the largest aortic
diameter. In 3 cases, the location could not be characterized,
owing to incomplete preoperative imaging. The median
maximum aortic diameter was 65 mm (range, 40 to 90mm).

The study cohort comprised 17 males (47%) and 19 fe-
males (53%) with a median age of 70 years (range, 33 to
83 years) (Table 1). The FET procedure was performed us-
ing the Thoraflex device in 25 cases (69%) and with the JO-
TEC device in 11 cases (31%).
TABLE 1. Demographic data of patients undergoing intended single-

stage frozen elephant trunk procedure for aneurysmal disease

Characteristic Value

Number of patients 36

Age, y, median (range) 70 (33-83)

Sex, n (%)

Male 17 (47)

Female 19 (53)

Urgency, n (%)

Elective 26 (72)

Emergency 7 (19)

Unknown 3 (8)

Location of primary aneurysm, n

(%)

Ascending aorta 10 (27)

Innominate artery 2 (6)

Aortic arch 5 (14)

Left subclavian artery 11 (31)

Descending thoracic aorta 5 (14)

Unknown 3 (8)

Maximum aneurysm diameter,

mm, median (range)

65 (40-90)

Pathology, n (%)

Degenerative 31 (86)

Pseudoaneurysm 2 (1)

Connective tissue 3 (1)

Device, n (%)

Thoraflex 25 (69)

Jotec 11 (31)
Patients were followed up with CTA for a mean of
25.8� 5.7 months after the FET procedure. All patients un-
derwent a postoperative CTAwithin 4 weeks of the proced-
ure and annual surveillance CTAs thereafter. Patients were
followedup in outpatient clinics for ameanof 32� 5.8months
postprocedure.

Endoleak and Distal Stent–Related Complications
In 9 of the 36 patients (25%), an endoleak was visualized

on the first postoperative CTA, and 1 further endoleak
became evident during CTA follow-up at 9 years postproce-
dure, making a total of 10 endoleaks (28%) postprocedure.
All but 1 of the endoleaks were classified as type 1b (arising
from the distal stent) based on CTA appearance, with 1 type
2 endoleak from a likely intercostal artery (which did not
cause sac expansion or require further intervention). In
another 3 patients (8%), expansion of the original sac or
aneurysm dilatation immediately distal to the stent became
apparent on follow-up CTA (at 3, 5, and 6 years postproce-
dure) without any evidence of endoleak before this. Other
distal stent-related complications were 1 dissection distal
to the stent (3%) and 1 in-stent thrombosis (3%) (Figure 1).
Patients with endoleak and thosewith sac expansion were

considered one group, given that the etiology of these com-
plications is likely to be related to the sizing of the distal
stent. During follow-up, 5 of 13 patients (38%) with endo-
leak or aneurysm sac expansion underwent TEVAR to
achieve an aneurysm seal, for an overall reintervention
rate of 14% (5 of 36). Four TEVAR procedures were
performed electively for sac expansion to>65 mm, and 1
TEVAR procedurewas performed urgently (within 48 hours
of presentation) due to symptomatic rapid sac expansion.
There were no ruptures due to endoleak. TEVAR proced-
ures were performed at a median of 12 months (range, 1
to 120 months) after the FET procedure. At the time of
this report, 8 of the patients with endoleak or sac expansion
remained in yearly CTA surveillance and were asymptom-
atic with sac sizes below the 65-mm threshold for consider-
ation of treatment.

Distal Stents with Endoleak Were More Likely to Be
Undersized or Undersealed
Among the 13 patients with endoleak or sac expansion,

10 (77%) had a distal stent<10% larger than the aortic
diameter where the distal end of the stent ultimately landed
(undersized). The remaining 3 patients (23%) had an appro-
priately oversized stent but a<30-mm distal seal in healthy
aorta (ie, undersealed). In the 23 patients without endoleak
or sac expansion, only 4 (17%) had an undersized distal
stent. Patients without endoleak or sac expansion were
significantly more likely to have stents that were appropri-
ately oversized and sealed compared with those experi-
encing these complications (11 of 23 vs 0 of 13;
P ¼ .0031, shaded in green in Figure 2).
JTCVS Techniques c Volume 3, Number C 15
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(1/36, 3%)
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to stent (1/36, 3%)

Sac expansion
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FIGURE 1. Endoleak was the most common distal stent-related complication following intended single-stage frozen elephant trunk (FET) repair of arch

and thoracic aortic aneurysms. Distal stent-related complications occurred in 15 of 36 patients (42%) undergoing FET procedures. Of the 10 patients (28%)

who developed endoleak, 5 underwent thoracic endovascular aneurysm repair (TEVAR) for sac expansion, 1 had sac expansion but with a thoracic aorta

diameter below the threshold for treatment, and 4 did not experience sac expansion. Of those developing sac expansion without overt endoleak, none un-

derwent TEVAR, because the diameter of the thoracic aorta remained below the threshold for treatment. This demonstrates that clinically significant endo-

leak requiring endovascular reintervention remains a problem even in procedures planned as a single-stage FET.
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FIGURE 2. Patients with endoleak or sac expansion had undersized

and undersealed distal stents. All 13 patients who experienced a

sizing-related complication (endoleak or sac expansion; “Complica-

tion”) had a frozen elephant trunk distal stent that was undersized rela-

tive to the aortic diameter where the stent landed (stent diameter

<10% of aortic diameter, shaded in blue) or inadequately sealed

(<30 mm of apposition with healthy, nonaneurysmal aorta; the distal

seal, shaded in red). Among the 23 patients who did not experience en-

doleak or sac expansion (“No complication”), 12 (52%) had stents that

were undersized (<10% of aortic diameter) or undersealed (<30 mm

distal seal), a significantly smaller proportion. Insufficient distal stent

oversize in particular resulted in the majority of eventual endoleaks or

sac expansions (10 of 13 stents, 77%). Distal stents not experiencing

endoleak or sac expansion were more likely to be appropriately over-

sized and sealed, compared with those stents experiencing complica-

tions (11 of 23 vs 0 of 13; P ¼ .0031). This demonstrates the

importance of distal stent sizing and planning in reducing sac expan-

sion and endoleak.
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Patients with endoleak or sac expansion had significantly
smaller mean distal stent oversize compared with patients
without endoleak or sac expansion (2.3 � 3.9% vs
18� 2.9%; P¼ .0023) (Figure 3, A). Patients with compli-
cations had a significantly shorter mean sealing length in
healthy aorta than those without complications
(1 � 0.7 mm vs 34 � 6 mm; P ¼ .0005) (Figure 3, B).

Appropriate Distal Stent Graft Sizing and Seal
Decreased the Risk of Endoleak

In 11 of 36 distal stents (31%), appropriate oversize and
sealing length were achieved, whereas 14 of 36 stents
(39%) were undersized with a too-short distal seal. Appro-
priately oversized stents developed significantly fewer
sizing-related complications compared with undersized
and undersealed stents (0 of 11 vs 10 of 14; P<.0004). Ul-
timately, 3 of the 14 patients with insufficient oversizing
and sealing length (21%) underwent TEVAR during the
follow-up period (Figures 4 and 5).

In 7 of 14 cases with insufficient oversizing and sealing
length, the diameter of the thoracic aorta where the distal
stent landed was ectatic at>36 mm. In these cases, it would
not have been possible to achieve>10% oversize due to the
maximum available distal stent diameter of 40 mm and
length of 160 mm.

DISCUSSION
Our data on the incidence of endoleak after FET proced-

ures is comparable overall to reports from other small case
series (11%-35%).5-7 However, many case series have a
longer follow-up period than ours, suggesting that our rate
of endoleak may eventually be higher than expected. These
patients are all in yearly CTA surveillance. A higher
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FIGURE 3. Frozen elephant trunk distal stents without endoleak or sac expansion had longer distal seal and larger oversize. A, Patients with no distal stent-

related complication (endoleak or sac expansion; “No complication”) had a mean aortic diameter oversize of 18% (above the set threshold of 10%)

compared with a mean oversize of 2.2% (below the set threshold of 10%) in those with endoleak or sac expansion (“Complication”), demonstrating the

importance of distal stent oversize in the prevention of complications. B, Patients without complications (“No complication”) had a mean distal seal of

34 mm (above the set threshold of 30 mm) in healthy aorta, compared with 1 mm (below the set threshold of 30 mm) in thosewith endoleak or sac expansion

(“Complication”), demonstrating the importance of an area of apposition of the distal stent against healthy nonaneurysmal aortic wall.
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incidence of endoleak in our study could be explained by
increased sensitivity for endoleak, given that we retrospec-
tively scrutinized surveillance CTA images specifically for
this finding. Post-FET CTA surveillance protocols may also
differ, altering the opportunities for detection of endoleak
during follow-up.

Our rate of endovascular reintervention to the thoracic
aorta after FET (14%) is comparable to that in the litera-
ture,8,9 although published case series do not report whether
the FET procedure was intended to create a primary seal in
the thoracic aorta or the rationale for device sizing. In addi-
tion, as the follow-up period increases, future cases of sac
expansion will cross the threshold for TEVAR and require
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FIGURE 4. Patients with adequate frozen elephant trunk (FET) distal stent se

appropriately oversized distal stent (distal stent diameter>10% of aortic diamet

aneurysmal aorta), no endoleak or sac expansion occurred (shaded in green). I

<10% of aortic diameter) nor sufficiently long distal seal (<30mm of stent appo

required thoracic endovascular aneurysm repair), and 3 developed sac expansion

an appropriately oversized FET distal stent of sufficient length to appose healthy

sac expansion, potentially reducing further endovascular reintervention.
future reintervention. It is difficult to compare our series
to other endovascular procedures in the thoracic aorta, given
that even in TEVAR procedures, the incidence of type 1b
endoleak has not been quantified owing to a lack of pub-
lished data.13

We have clearly demonstrated that appropriate oversiz-
ing and sealing length of the distal stent results in decreased
postoperative endoleak and need for reintervention. In some
of these cases, preoperative selection of a larger distal stent
may have prevented endoleak. In a series of 40 FET proced-
ures, Chu and colleagues14 found that selection of an over-
sized distal stent and a 30- to 40-mm landing zone in the
thoracic aorta resulted in no type 1b endoleaks (there
Endoleak requiring
TEVAR (3)

10/14

Sac expansion no
intervention (3)

Endoleak no
intervention (4)

No endoleak (4)

% oversize
and

m distal seal

aling size and length did not experience endoleak. In 11 patients with an

er) and sufficient distal seal (>30 mm of stent apposition with healthy non-

n the 14 distal stents with neither adequate oversize (distal stent diameter

sition with healthy nonaneurysmal aorta), 7 developed endoleak (3 of which

. Only 4 did not develop a complication. This demonstrates that selection of

nonaneurysmal aorta is likely to prevent the complications of endoleak and

JTCVS Techniques c Volume 3, Number C 17



FIGURE 5. Example of late endoleak after intended single-stage frozen elephant trunk (FET) requiring unplanned thoracic endovascular aneurysm repair

(TEVAR) to extend the seal into healthy, nonaneurysmal aorta more distally. A and B, Axial and sagittal computed tomography angiogram (CTA) of distal

stent 17 days after a planned single-stage FET procedure, showing small type 1b endoleak at the distal aspect of the distal stent (arrows). C and D, Axial and

sagittal CTA showing increase in endoleak (arrows) and aneurysm sac expansion 2 years later. E, Post-TEVAR CTA showing extension of distal seal into

healthy nonaneurysmal aorta using a further stent-graft and no endoleak. This patient’s original FET distal stent was undersized relative to the aortic diam-

eter and had an insufficient sealing length into healthy nonaneurysmal aorta. Preoperative planning of the distal stent length and diameter might have avoided

the endoleak and need for reintervention.
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were 2 of 40 type 2 endoleaks), suggesting again that preop-
erative planning can reduce endoleak. Conversely, in Ja-
kob’s case series of FET procedures, clinicians selected a
<10% distal aortic diameter device oversize for the 39 pa-
tients with aneurysmal disease, which resulted in a 26%
rate of endovascular reintervention to the thoracic aorta.15

In patients requiring TEVAR alone, device manufac-
turers recommend 10% to 20% device oversize compared
with aortic diameter and 20-mm distal sealing length in
healthy aorta. Tolenaar and colleagues16 found that for TE-
VAR, a 10% to 20% oversize resulted in fewer long term
type 1 endoleaks compared with<10% or>20%. Ranney
and colleagues17 showed that TEVAR performed according
to the instructions for use resulted in a 7.3% reintervention
rate over 11 years, lower than that reported for FET proced-
ures over a longer follow-up period. Our thresholds of 10%
oversize and 30-mm distal landing zone are conservative
compared with the recommended instructions for use for
FET devices, but we have demonstrated that adhering to
these criteria resulted in no endoleaks and no reinterven-
tions. Indeed, Damberg and colleagues18 recommended a
10% to 20% oversize of the distal stent for FET procedures
18 JTCVS Techniques c September 2020
performed for aneurysmal disease. In cases where the
thoracic aorta was aneurysmal where the distal stent landed,
it might not have been possible to oversize the stent owing
to the limited range of stent graft diameters. In these in-
stances, identification of a more distal, nonaneurysmal
landing zone and planned extension into this with second-
stage TEVAR would have prevented endoleak, with the
distal stent of the FET acting as the proximal landing
zone for the TEVAR. Greenberg and colleagues19 have
shown that completion TEVAR in this context is feasible
and can be accomplished with minimal mortality. This op-
tion needs to be considered before selection of the FET de-
vice, given that a significant size discrepancy between the
proximal and distal thoracic stent graft diameters is difficult
to mitigate using off-the-shelf TEVAR devices.

Moving the landing zone more distally raises concern
about the increased risk of spinal cord ischemia due to
more extensive coverage of intercostal arteries supplying
the thoracic spinal cord,20 and in our series this might
explain the reluctance to extend aortic coverage with
second-stage TEVAR. None of the 36 patients in this series
experienced permanent paraplegia or temporary spinal cord
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FIGURE 6. Frozen elephant trunk (FET) repair of aortic aneurysms. How to reduce the incidence of endoleak and reintervention. This retrospective study

examined 36 FET procedures performed for aortic aneurysmal disease intended as single-stage procedures where the distal stent component of the FETwas

intended to seal in the thoracic aorta. In 13 of 36 cases (36%), an endoleak developed or the aneurysm sac continued to expand. All these complications

occurred in FETs in which the distal stent was undersized (diameter<10% greater than the aortic diameter) or undersealed (<30mm apposition with healthy

aorta distal to the aneurysm). In 5 of 13 (38%) FETs developing endoleak or sac expansion, an unplanned TEVAR was necessary to prevent further sac

expansion and rupture. Conversely, no distal FET stents that were appropriately sized developed endoleak or sac expansion and required no further inter-

vention to the thoracic aorta. Thus, we recommend oversizing the distal stent of an FET by>10% of the aortic diameter at the proposed landing zone, and to

ensure>30 mm apposition between the distal stent and healthy nonaneurysmal aorta. Where this is not possible owing to aortic anatomy or availability of

stent graft sizes, we would recommend planning a TEVAR extension either concurrently or as a staged procedure. CT, Computed tomography.
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injury. Although some have reported that staging these pro-
cedures is a protective factor against spinal cord ischemia,21

a recent meta-analysis concluded that this was not the
case.22 The risk of causing paraplegia with TEVAR exten-
sion must be balanced against the risks of endoleak, sac
expansion, and subsequent rupture.

Involvement of endovascular surgeons in the preopera-
tive planning of these procedures might enable the identifi-
cation of an appropriate landing zone in the thoracic aorta
and facilitate preoperative planning of the distal stent,
with or without the need for TEVAR extension. Because
the majority of cases are elective, inclusion of endovascular
surgeons in multidisciplinary decision making could
improve stent graft planning. In emergency cases, the devel-
opment of aortic emergency rotas could facilitate access to a
teammember with appropriate expertise in stent graft sizing
and planning. The introduction of a multidisciplinary
approach has already been shown to contribute to a reduc-
tion in operative mortality in the context of acute type A
aortic dissection.23

This study is limited by the small sample size, which pre-
cluded any identification of risk factors for the development
of sac expansion or endoleak during CTA follow-up.
Because of the small number of cases and events, our statis-
tical analysis can only be interpreted as descriptive, and
inference that these findings apply to larger datasets cannot
be computed. The retrospective analysis of data and the
short follow-up period limits comparisons with other case
series. Stent graft use and planning during the long data
collection period might have changed as surgeons learned
from previous experience with endoleak.

CONCLUSIONS
Our results demonstrate the importance of appropriate

preoperative sizing of the distal stent in FET procedures.
We recommend>10% aortic diameter oversize and>30-
mm sealing length in healthy aorta, with planning of distal
extension with TEVAR if this cannot be achieved with the
FET device alone. We encourage an increase in multidisci-
plinary team collaboration involving endovascular surgeons
at an early stage, along with the introduction of all-hours ac-
cess to an endovascular specialist to facilitate optimal FET
planning (Figure 6).
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