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[IPOAOT'OX
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TEXNIKEZ», 1O o110io digayeTal uttod TnVv alyida Tng latpikAg 2xXoAnR¢ Tou EKIIA o€
ouvepyaoia he 1o MNMavemoTtiuio Tou MiIAavou — BICOCCA.

2KOTTOG TNG £pyaciag cival n afloAdynon — HEowW CUCTNPATIKAG
BIBAIOYPOPIKAG AVACKOTINONG — TNG ATTOTEAECUATIKOTATAG TWV KUPIWV
BePATTEUTIKWYV PHEBOGDWYV AVTIUETWTTIONG TNG £VOOBIaPUYNG TUTTOU |l HETA aTTd
evVOQYYEIOKN ATTOKATAOTAON AVEUPUCHATOG KOIAIOKNG QOPTAG.

AIEUBUVTAG TOU PETATTITUXIAKOU TTPOYPAUMATOG €ival 0 KabnynTng
Ayyeloxeipoupylknig Tou EKIA Ap. lwéavvng Kakiong, Tov oT1Toio euxapioTw Bepud

yla Tnv €TiBAEWnN Kal apwyr oTnNV cuyypa@r TG Epyaciag.

OepuEG euxaploTieg EKPPACw TTPog Tov OudTINo Kabnyntn
Ayyeloxeipoupyikng Tou EKIA Ap. Mewpyio MepouAdko yia Tnv agloAdynon Tng
gpyaoiag, KaBwg Kal yia TNV TTOAUTIUN CUVEICQPOPA TOU OTNV OUVEXH TTOIOTIKN
avaBABuIon TOU YETATTTUXIOKOU TTPOYPANMATOG.

OepuEC euxaploTieg EKPPAlw £TTiIONG TTPOG TOV ZUVT. AIEUBUVTHA TNG
Ayyeioxeipoupyikng KAivikng kai A.LY. Tou I'.N.A. «KAT» Ap. XpuocdoTtouo MaATéCo
yia TNV QUEPIOTN CUNTTAPAOTOON KAl ayaoTH OUVEPYQAOia.

TENOG, 181QITEPEG EUXAPIOTIEG OPEIAW OTNV OUCUYO Hou K. lwavva Pouvt{oula
Kal oTa TTaIdId JouU — ZTaupiTa Kal Aavan — yia TV aTTEPIOPIOTN KATavonon Kal
evBappuvan Kal OTOUG YOVEIG Jou — lwdavvn Kal ZTaupoUAd — yia TIC NOIKEC apXEC
KAl agieg PE TIC OTTOIEC YE DIATTAIdAYWYNOAV KAl UE EVETTVEUCQV. ..



Treatment of type II endoleak following
endovascular aortic repair: A systematic review

Abstract

Background: Type Il endoleak is the most common type of endoleak following
endovascular aortic repair. It usually has a benign course and resolves spontaneously.
Nevertheless, persistent type II endoleak has been associated to sac expansion, need for re-
intervention and in rare cases rupture. Current practice suggests an endovascular first
approach for treating persistent type Il endoleaks associated to sac expansion. However,
there is no consensus on which method to choose across a wide variety. The aim of this
review was to assess the current available literature regarding translumbar, transarterial and

transcaval embolization for persistent type Il endoleak after endovascular aortic repair.

Methods: A review of the available literature was conducted from January 2018 to
December 2023, using Pubmed and EMBASE via Ovid. The PRISMA guidelines were
followed. Studies reporting transarterial, translumbar and transcaval embolization for type II
endoleak following endovascular aortic repair were included in the analysis. Studies that
reported open surgical repair or combination of the previously mentioned endovascular

techniques and studies with less than 10 patients, were excluded from the analysis.

Results: A total of 13 studies were included in our analysis. The studies were distributed in
three different groups regarding the technique that was used. Six studies were enrolled in
Group A, translumbar embolization, four studies in Group B, transarterial embolization, and
three studies in Group C, transcaval embolization. Totally, 164 patients were included in
Group A while the 73.7% were males. Technical success in Group A was 98% and endoleak
resolution rate was 83%. 30-day mortality was 0% and complications rate was 3%. The re-
intervention rate in this group was 9.1%. In Group B a total of 118 patients were included.
Technical success of transarterial embolization was 90% while endoleak resolution rate was
38%. 30-day mortality was 0% and complications rate was 7.9%. Nearly half of the patients

included in this group needed further intervention and thus re-intervention rate was 44%. In
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Group C, 46 patients included while 91% were males. Technical success was 98%. 30-d
mortality rate and complications rate were 0%. Endoleak resolution rate was 86% and re-

intervention rate was 9%.

Conclusion: Translumbar, transarterial and transcaval embolization for persistent type II
endoleak present high technical success, low mortality rates and acceptable perioperative
complications. Among the three approaches, patients that are treated with transarterial
embolization will probably need further intervention in order to achieve sac stabilization and

endoleak resolution, compared to the other two endovascular approaches.

Introduction

Type Il endoleak (T2EL) after endovascular aortic repair (EVAR) is defined as persistent sac
filling from back-bleeding side branches including inferior mesenteric artery (IMA), lumbar
arteries (LAs) and middle sacral artery (MSA). Post-operative CT scan reveals T2ELs in 10% to
20% of patients following EVAR.!** In comparison with type I and III endoleaks, T2ELs usually
have a benign course and could be resolved spontaneously within 6 to 12 months after the initial
procedure. Therefore, the current guidelines of European society of vascular surgery
recommends that type II endoleaks should be treated only when they are accompanied with
significant sac expansion (=10mm compared with baseline or with the smallest diameter during
follow up using the same imaging modality and measurement method)’. Several risk factors have
been reported in the literature for persistent or secondary T2ELs and these include absence of
circumferential thrombus in the aneurysm sac or large flow lumen, number of patent aortic side
branches arising from AAA, IMA patency, number of patent LAs >3, diameter of LAs >2mm and
anticoagulant therapy. Although these type of endoleaks are benign, rupture has been described®.
Rupture rate in the literature seems to be low but it is based on studies where intervention has
been performed due to persistent T2EL, thus the true natural history is unknown. It remains
unknown which is the optimal treatment for T2EIs. Both endovascular and open surgical
techniques have previously been described. A variety of endovascular techniques are available
and consist of transarterial, translumbar, transcaval , transgraft and direct sac puncture

embolization of feeding vessels. According to the literature, although high technical success is
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associated with the previously mentioned techniques, high rates of recurrence are frequent too’*.
Different embolic agents have been used during the past years and include coils and liquid
embolic agents (N-butyl cyanoacrylate glue, onyx etc.) Transarterial approach can be performed
via the marginal artery of Drummond and the iliolumbar arteries. Transcaval embolization uses
the inferior vena cava in order to puncture the aneurysm sac using a TIPS needle. Lastly, the
translumbar approach requires the use of CT and fluoroscopy in order to directly puncture the
aneurysm sac. On the other hand, open surgical techniques consist of laparoscopic ligation of the
IMA or lumbar arteries and open ligation of side branches and suturing the ostia of feeding
vessels after opening the aneurysm sac with or without graft explantation. The latter appears to
be a more aggressive technique and should be considered after endovascular interventions have
failed. It is well understood that an endovascular first approach should be preferred in
complications of endovascular aortic repair, such as T2ELs, needing interventional management.
The aim of this systematic review was to assess the currently available literature on transarterial,
translumbar and transcaval embolization in T2EL needing intervention following endovascular

aortic repair.

Material and Methods

Review protocol

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) 2020
Guidelines for Systematic Reviews and Meta-analyses were followed’. Due to the nature of the
study, no patients were involved and no informed consent or institutional review board approval

was required.

Search strategy

A review of the literature was conducted, using Pubmed and Embase via Ovid, from January
2018 to December 2023. The following search terms including Expanded Medical Subject
Heading — MeSH were utilized in various combinations: “type Il endoleak”, “endovascular

P13

treatment”, “transarterial”, “trascaval”, “translumbar” and “embolization”.
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Study selection

Studies that were included in the review where those reporting T2EL embolization using the
transarterial, the translumbar and the transcaval approach in patients who had previously
undergone endovascular aortic repair for abdominal aortic aneurysm. Studies reporting on
different approaches than those previously mentioned or combination of endovascular techniques
were excluded. Exclusion criteria also included studies with less than 10 patients and any meta-
analysis. Primary selection was based on title and abstracts, while the final selection was

performed through a full text review.

Data extraction

Extracted data included study characteristics such as author, date of publication, journal of
publication, type of study and study period. In addition several information were collected
including demographics (age, sex), number of patients, indication for treatment, type of
anesthesia, embolic agents used, mean sac diameter at the time of T2EL diagnosis, mean time to
intervention, technical success, follow up, endoleak resolution with sac stabilization during
follow up, persistent T2EL, reintervention, rupture during follow up period, perioperative
mortality and associated complications. Due to the nature of the study the patients were
categorized into three different groups depending on the approach that was used (transarterial,

translumbar or transcaval).

Outcomes

The primary outcomes were technical success, resolution of T2EL with sac stabilization and peri-
operative mortality. Secondary outcomes included procedure related complications and the need

for reintervention during the follow up period.



Identification of studies via databases and registries

Records identified through
databases searching n=954

Records after duplicates removed

n=812

Records screened n= 87

!

Full-text articles assessed for
eligibility n=37

Studies included in the review
(n=13)

Studies reporting
translumbar
approach (n=6)

Studies reporting
transarterial
approach (n=4)

rr

Studies reporting
transcaval
approach (n=3)

r

—)

Records removed before screening:
Duplicate records removed n=142

Records that were excluded after
reviewing the title n=725

Records removed after reviewing the
abstract n=50

Studies removed after full text review
n=24

e  Case series (number of patients
<10=7)

e Combination of endovascular
techniques n=17

Figure 1 Prisma Flowchart




Results

Initially, 954 articles were identified from databases potentially suitable for inclusion. After
removal of duplicates, title, abstract review and finally full-text review a total of 13 studies were
included in our cohort. (Figure 1). The distribution of the studies was performed regarding the

endovascular approach that was used.

Group A — Translumbar embolization

Six studies published from January 2018 to December 2023 met our inclusion criteria concerning
patients treated with translumbar embolization (TLE). A total of 164 patients were included in
this group while the 73.7% were males. The mean age of patients was 73.6 years. Other
characteristics of the studies and patients enrolled are described in figure 2. In nearly all patients
the prone position was used. General anesthesia was chosen in 45% of the patients while the rest
were treated with local anesthesia plus sedation. The embolic agent that was used is shown in
figure 3. Mean diameter of aneurysm sac at the time of diagnosis of T2EL was 60.4mm and the
mean time to intervention after endovascular aortic repair was 24.3 months. Technical success
was defined per study. According to the definition of technical success in each study, a total of
98% was achieved overall. Although technical success was high, endoleak resolution with sac
stabilization was shown in 83% of the patients with the remaining 17% of the patients
experiencing persistent T2EL. The 30-day mortality was 0% and no ruptures were stated after the
translumbar approach. Procedure related complications were noted in 3% of the patients and
were minor complications without needing further interventions. (infiltration of psoas muscle
with embolic material in 2 patients, small subsegmental lung embolism with embolic agent in 1
patient and psoas abscess in 1 patient treated with oral antibiotics). Re-intervention rate was
9.1%, with the vast majority of the patients be treated with endovascular means (translumbar
approach). One patient was treated eventually with open sacotomy and ligation of the lumbar
arteries with graft preservation. The mean follow-up after embolization was 12.9 months.

Reported outcomes are shown in figure 4A and figure 4B.



Author Date Journal Type of study | Study Number | Mean Age M:F Indication
period of
patients
Charitable 2021 Journal of Retrospective | 2011- 30 74.3(70.9-77.6) | 24:6 Persistent isolated T2EL
et al*° Vascular 2018 , visible contrast nidus
surgery in venous phase , sac
growth = 5mm
Fanelli et 2020 La radiologia Prospective NR 50 63 +/- 8 years 31:19 T2EL, sac enlargement
al* medica study >5mm in the last 6
months
Lagios et 2018 J Vasc Interv Retrospective | 2009- 25 75.5 (64-87) 23:2 T2EL after EVAR with
al'? Radiol study 2012 sac expansion >5mm
detected with 6mo
follow up or later
Leati et al*3 2023 Fradi radiology Retrospective | 2017- 10 76 (64-84) 9:1 Persistent T2E with an
study 2020 increase of the
aneurysm sac 25 mm
on at least one out of 2
axial diameters
measured on CTAin a
minimum interval of 6
months
Rhee et al** 2020 Journal of Retrospective | 2015- 26 75.27 +/- 8.5 19:7 Present T2EL with sac
Vascular study 2017 (59-95) expansion or symptoms
surgery after EVAR
Thomas et 2020 Vascular and Retrospective | 2006- 23 78 (67-94) 14:9 Persistent T2EL more
als endovascular study 2018 than 6mo and
surgery significant sac growth >
5mm
Overall 164 73.6 121:44

Figure 2 Studies and patient’s characteristics in TLE group



Author Position Anesthesia Embolic agent Mean maxSac Mean time Mean Sac Growth
diameter at T2EL | to
diagnosis intervention
Charitable Prone 28/30 general, n-butyl cyanoacrylate glue 58mm (54-62) 33.7 +/- 28mo 8.4 mm
et al'® 2/30 sedation + (CyG)(Trufill glue, DePuy
local Synthes; West Chester, Pa)
28/30, CyG + coil 2/30
Fanelli et Prone/Supi | Local + sedation Onyx +/- detachable micro-coils | 65 +/- 3 (onyx plus 27 mo (6-48) NR
altt ne 50/50 (Concero- coils), 50+/-3 onyx
Medtronic,Minneapolis,MN,US
A) (31/50 = 62%) - onyx (19
cases = 38%)
Lagios et Prone Local 25/25 N-butyl cyanoacrylate glue NR NR 7x5mm
al*? diluted with ethiodized oil
Prone local +/- sedation iodized Polyvinyl Alcohol NR 23 mo (6-47) NR
Leati et al*® 10/10 Polymer liquid agent (Easyx) +/-
coils ( (Concerto coils
Medtronic, Minneapolis,
USA)
Rhee et al** Prone 18/26 general COILS (6/26), coils + 60.3 +/- 7.5mm 13.4 mo (1- 10.1 +/- 6.5mm
onyx/glue(n-butyl cyanocrylate) 63.8)
20/26
Thomas et Prone 27/27 General Glue 10/27, Onyx 12/27, 1 Glue | NR NR NR
al*s anesthesia + coils, 4 Onyx + coils
Overall 73/164 (45%) 60.4mm 24.3 mo
General
anesthesia
,91/164 (55%)
local plus
sedation

Figure 3. Procedure characteristics in TLE group
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Author

Technical Success

Rupture
after TLE

Symptomatic
through study
period

Endoleak
resolution

Persistent T2EL
after TLE

Charitable et al*®

Glue filling the nidus as
well as the inflow/outflow
vessels 30/30 (100%)

0/30

0/30

15/30 (50%)

15/30 (50%)

Fanelli et al**

Complete embolization of
the aneurysm sac with no
more evidence of blood
fow within the sac 50/50
(100%)

NR

NR

48/50(96%)

2/50 (4%)

Lagios et al'?

Complete embolization of
the contributing
vessels,22/25 (88%) and a
secondary goal was
embolization of the
patent portion of the
aneurysm sac of the
endoleak

NR

NR

22/25 (88%)

3/25 (12%)

Leati et al®®

Embolization of the
endoleak nidus with
reduction or elimination
of the T2E on sequent CTA
evaluation (10/10 100%).
Clinical success was
defined as an unchanged
or decreased aneurysm
sac on a follow-up CTA
made during the follow-
up, with the first one
made after 6 month 9/10
(90%)

0/10

1/10 (10%)

9/10 90%

1/10 10% - open
conversionn - stent
graft explantation -
symptomatic

Rhee et al*

Successful entry into the
target endoleak region
and placement of
embolization agents into
the defined endoleak
region. 26/26 (100%)

0/26

2/26 (7.6%)

19/26 reduce in sac
size (0.2mm -
19.1mm), 5/26 no
sac change, 2 sac
growth 3.4t0 4.3
mm with no visible
T2EL

3/26 (11.5%), 1
underwent
repeated TLE

Thomas et al*®

Complete “on table”
embolization of the
endoleak on fluoroscopy
23/23 100%

0/23

NR

19/23

4 of 23 (sac
stabilization after
repeated TLE)

Overall

161/164 (98%)

0%

3/66 (4.5%)

137/164 (83%)

28/164 (17%)

Figure 4A. Outcomes in the TLE group
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Author 30d mortality | Complications Mean FU after Sac stabilization during FU | Re - intervention
TLE
Charitable et al*° 0/30 0/30 19.1mo (11.1- 11/30(36.7%) or 11/15 4/30 (13.3%) {3 TLE
27.2) (73.3%) with sac
stabilization, 1
open sacotomy
ligation of lumbar
arteries with graft
preservation
Fanelli et al* 0/50 0/50 12 mo 34/50 (68%) sac shrinkage 2/50 (4%) -
,16/50 (32%) sac percutaneous
stabilization approach -
complete
resolution (9 and
12 months)
Lagios et al*2 0/25 2/25 (8%) Infiltration of 18.3 +/-7.3 mo 22/25 3/25 (TLE with N
the psoas muscle with (7-42mo) cyano glue)
embolic material - fever -
iv paracetamol for 24h,
pos paracetamol for 3d
Leati et al*® 0/10 small subsegmental lung 14 mo (3-30) 9/10 (90%) 1/10 10%
embolism - embolic
material
Rhee et al* 0/26 NR 7.1mo (5.9- 24/26 1/26
10.6mo)
Thomas et al*® 0/23 1/23 (psoas abscess, oral 7.3mo (1-32mo) 19/23 4/23 (TLE)
antibiotics)
Overall 0/164 (0%) 4/138 (3%) 12.9 mo - 15/164 (9.1%)

Figure 4B. Outcomes in the TLE group (continue)
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Group B — Transarterial embolization

Four studies, reporting patients treated with transarterial embolization (TAE) for T2EL following
endovascular aortic repair, included in our analysis. A total of 118 patients included and 84.4% of
these patients were males. The mean age was 75.5 years. Indication for treatment and further
characteristics of the studies are described in figure 5. Embolic agents used, consisted of

detachable coils in most of the patients, onyx and other liquid agents (figure 6).

Author Date Journal Type of study Study Number Mean Age M:F Indication
period of
patients
Azofra et al.® 2019 Annals of Retrospective 2003- 28 NR NR Persistent T2E with
vascular 2017 associated
surgery aneurysmal sac

growth over 5 mm

Horinouchi et al.'’ 2020 Cardiovasc Retrospective 2010- 55 79.0 (74-82) 48:07 Persistent T2EL with
Intervent 2018 sac enlargement
Radiol >5mm
Moosavi et al.® 2023 Vascular Retrospective 2015- 23 78.8 +/-6.9 20:03 Persistent or
2020 recurrent T2EL and

interval increase in
aneurysm sac size by

20.5cm
Tao et al.?® 2022 Journal of Retrospective 2015- 12 69.5+/-14.4 | 8:04 Persistent T2EL and
vascular 2020 post-EVAR aneurysm
surgery growth of >10mm

Overall - - - - 118 75.7 76:14 -

Figure 5. Studies and patients’ characteristics in TAE group
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Author Position Anesthesia Target Target Other Embolic Mean Mean time to | Mean Sac
Vessel - | Vessel - LAs | target material maxSac intervention Growth
IMA vessels diameter at
T2EL
diagnosis
Azofra et NR NR 14/28 14/28 0/28 Onyx (ev3 73.5+/-1 37.9mo (1m - NR
ale Endovascular, mm 9.3y)
Inc, Plymouth,
MN), usually
combined with
Concerto coils
(Covidien-ev3,
Irvine, CA)
Horinouchi | NR NR NR NR NR Coils + NBCA 55 (49-59) 33mo (22-48) | 6mm
et al'’ glue (46/55 =
84%), coils 9/55
16%
Moosaviet | NR NR 5/23 8/23 1/23 Coils 61 +/- 10 NR NR
al'é Medial 10/23(43.5%), mm (52-95)
Sacral, 9/23 | Glue 7/23
lliolumbar (30.4%), coils
+glue2/23
(8.7%),
coils+gelfoam
3/23 (13%),
coils+thrombin
1/23 (4.3%)
Tao et al®® Supine local 5/12 6/12 3/12 1A Coils (8/12), 71 +/- 38.4 mo +/- 23.1+/-
Onyx glue 11mm 27.6 mo 8.2mm
(2/12), fibrin
sealant (3/12)
Overall - - 24/63 28/63 - - 65.1 mm 36.4mo -
(38%) (44.4%)

Figure 6. Procedure characteristics in TAE group

In 38% target vessel was the inferior mesenteric artery and in 44.4% were lumbar arteries. Other

target vessels included medial sacral artery, iliolumbar arteries and in 3 patients the hypogastric

artery. Mean sac diameter at the time of diagnosis of T2EL was 65.1mm and mean time to

intervention was 36.4 months. As in group A, definition of technical success was different per

study but in total technical success rate was 90%. 30-day mortality was 0% and complications

were minor with a rate of 7.9%. Complications included femoral nerve neurapraxia, transient

acute renal dysfunction, superior rectal artery embolization with concomitant rectal bleeding and

abdominal abscess but no further intervention needed. As it was mentioned above technical

success was 90%. However, endoleak resolution was achieved only in 38% of the patients. From

the 72 patients with persistent T2EL (62%), 52 (44%) needed re-intervention after TAE. 12% of
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the patients underwent open repair with or without graft preservation during the follow up

period. Rupture rate after TAE was 2.5% and aneurysm related death was 4% (Figure 7A, 7B).

Author

Technical
Success

Rupture after
TAE

Symptomatic
through study
period

Endoleak
resolution

Persistent T2EL
after TAE

Mean FU after
TAE

Azofra et al*®

Angiographic
eradication of
the endoleak in
the final
postprocedural
control - 20/28
(71.4%)

3/28 (10.7%)

NR

11/28 (39.3%)

17/28 (60.7%)

25.5mo

Horinouchi et
a|17

No detectable
endoleak nidus
at the
completion
angiogram
(100%)

0/55

NR

16/55 (29%)

39/55 (71%)

21.2 mo (14.8-
43)

Moosavi et al'®

Complete
endoleak
embolization on
intraprocedural
fluoroscopy
20/23 (86.9%)

0/23

NR

11/23 (48%)

12/23 (52%)

26.5 +/- 15.4 (6-
48) mo

Tao et al*®

110f12 (1
inaccessible
transarterial
approach)

0/12

0/12

7/12 (58%)

4/12 (2/4 with
sac expansion)

35.9 +/-21.1 mo

Overall

106/118 (90%)

3/118 (2.5%)

45/118 (38%)

72/118 (62%)

27.2 mo

Figure 7A. Outcomes in the TAE group
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Author 30d mortality Complications Sac stabilization Re - intervention | Aneurysm related | Open
during FU death at fu conversion
during FU
Azofra et al'® 0/28 2/28 (7.1%) - % 18/28 (64.2%) - 10/28 (35.7%) 4/28 (14.3) 1/28 (7.1%)
neurapraxia of ly
femoral nerve, %
transient acute
renal
dysfunction
Horinouchi et 0/55 NR 73.2% (1y), 32% | 29/55 (52.7) 0/55 11/55 (20%),
al'’ at3,26.7% at 5 1/55 open
ligation
Moosavi et al'® 0/23 2/23 (8.7%) 6/18 (33.3%) 10/23 (43%) NR NR
(superior rectal (6 direct sac
artery puncture, 2 graft
embolization- relining, 2 TAE)
rectal bleeding
1/2,
anterolateral
thigh pain 1/2)
Tao et al*® 0/12 1/12 (8.3%) - 8/ 12 66.7% 3/12 (25%) 0/12 0/12
abdominal
abcsess
Overall 0/118 (0%) 5/63 (7.9%) - 52/118 (44%) 4/95 (4%) 12/96 (12%)

Figure 7B. Outcomes in the TAE group (continue)

Group C — Transcaval embolization

Limited publications were found during the review of the literature, reporting transcaval

embolization (TCE) for T2EL, thus only three studies were included. 46 patients were included

in this group. 91% of the patients were males and the mean age was 79.3 years (Figure 8).

Author Date Journal Type of study | Study period Number of Mean Age M:F Indication
patients
Burley et al.?° 2019 Journal of Case series 2017 10 82 +/-7 (72- 8:2 T2EL
Vascular 93)
surgery
Heidemann et 2020 Journal of Retrospective 2015-2019 24 76.6 +/-6.0 23:1 T2EL and
al.? Vascular cohort sac
surgery growth >
5mm
Ryer et al.?? 2021 | JVascSurg | Retrospective | 2019-2021 12 NR NR NR
Cases cohort
Innov Tech
Overall - - - - 46 79.3 31:3 -

-16 -

Figure 8. Studies and patients’ characteristics




All the patients were treated using the supine position and access was gained through the right
common femoral vein in 98%. In one of the including studies, 53% of the patients, further
arterial access was gained through femoral artery. 71% of the patients were treated under general
anesthesia while the rest were under local anesthesia plus sedation. Target vessels were included
lumbar arteries in 91% and inferior mesenteric artery in 9%. The types of embolic agents that
were used can be shown in figure 9. Mean sac diameter was 71.3mm at the time of diagnosis of
T2EL while mean time to intervention was 56.3 months. Technical success was quite high with a
rate of 98%. No ruptures reported after TCE and endoleak resolution was achieved in 86%. 30-
day mortality was 0% and no complications were reported. Sac stabilization during follow up
after TCE was achieved in 91%. The re-intervention rate was 9%. One patient needed further
treatment with TAE and the other three patients were treated with open surgical repair thus open

conversion during follow up period was 7%. (Figure 10)

Author Position - Access Anesthesia | Target Target | Other target Embolic material Mean Mean time Mean Sac Growth
vessels Vessel - Vessel | vessels maxSac to
IMA - LAs diameter at intervention
T2EL
diagnosis
Burley et Supine (10/10)- 8/10 0/10 10/10 NR Coils, 10/12 (plus NR NR 12mm
al®*® RCFV access general, fibrin sealant)
(10/10) 2/10
sedation +
local
Heiderman Supine (25/25) - 7/25(28%) | IMA+LA | 22/25 NR Bioactive coils 74 +/- 30mo (7 - NR
et al’t RCFV access local, 2/24, LA 25/25, histoacryl 11.8mm 84mo)
(25/25) - Femoral 18/25 +IMA + gluel6/25, fibrin
Artery access (72%) accessory sealant (1/25),
(25/25) general RA 1/24 vascular plug (2/25),
oils, n-butyl-2-
cyanoacrylate,
Lipiodol, (Guerbet,
FR), Fibrin sealant
Ryer etal®? | Supine (12/12) - 6/12 (50%) | NR NR NR Coils, 10/12 +/- 68.6 +/- 82.6 +/- NR
RCFV 11/12 (92%), general, fibrin sealant 11.8mm 56.1mo
LCFV 1/12 (8%) 6/12
sedation +
local
Overall Supine 47/47, 32/45 3/35(9%) | 32/35 - - 71.3 mm 56.3 mo -
RCFV 46/47 (98%), | (71%) (91%)
25/47 (53%) general
Femoral Artery anesthesia

access

Figure 9. Procedure characteristics in TCE group
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Author Technical Success Rupture Symptomatic | Endoleak Persistent | 30d Complications | Mean FU Sac Re - reintervention
after TCE through resolution T2EL after | mortality after TCE stabilization
study period TAE during FU

Burley et 10/10 (100%) NR NR 9/10 (90%) | 1/10 0% 0/10 1-9.5 mo 10 OF 10 0/10
al® (10%)
Heiderman | 24/25 (96%) (1/25 0/25 0/25 17 of 22 5 of 22 0% 0/25 23.1 mo 18 of 22 40f22 (1TAE, 3
etal?* fail to access the (22 of 24 OSR)

aneurysm sac) patients)
Ryer et al?? | 10/10 100% 0% 0% 12 of 12 0of 12 0% 0/12 12.9 +/- 12 of 12 0of 12

(access the 6.7 mo

aneurysm sac and

no residual

endoleak)
Overall 44/45 (98%) 0% 0% 38/44 6/44 0% 0% 40/44 (91%) | 4/44 (9%)

(86%) (14%)
Figure 10. Outcomes in the TCE group
Discussion

T2ELSs are the most common type of endoleak following EVAR. In contrast with type I and type
II1, T2ELs has a benign course and most the times they are spontaneously resolved. In a
systematic review Sidloff et al, found that rupture after EVAR associated with T2EL is rare with
the rate being <1%?2>. Other authors claim that persistent T2ELs have a significant role in growth
of aneurysm sac, can lead in rupture during the follow up period and are associated with
increased incidence of adverse outcomes.**** Current guidelines recommend that T2ELSs should
be treated when there is sac expansion >10mm during follow up period.?® In our study there was
a lower threshold for intervention (>5mm sac expansion in most studies). According to current
guidelines practice endovascular approach should be the first treatment of choice. There is a wide
variety in the armamentarium of current endovascular practice. However, there are not enough
evidence supporting which should be the endovascular treatment of choice. In our analysis,
comparing three different endovascular approaches, is shown that technical success remains
quite high in every group with 98% in TLE group, 90% in TAE group and 98% in TCE group.
Resolution of T2EL was quite low in patients treated with TAE, with a rate of 38%, while in
other groups the rate was 83% and 86% for the group A and group C, respectively. In a recent

meta-analysis Klaas et al, found that technical success was similarly high as in our study, ranging
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from 84% to 100%?. The authors outlined that although the technical success was high, one third
of the patients failed to completely resolve the endoleak or show signs of sac stabilization or
decrease in sac diameter®. The 30-day mortality rate was 0% in each group meaning that the
safety of each approach is quite acceptable. Minor complications were noted. The rate was 3%
for the group A, 7.1% for the group B and 0% for the group C. No further intervention needed to
face these complications. Re-intervention rate was 9.1% for the group A, 44% for the group B
and 9% for the group C while in every group there were patients that were treated with open
conversion during the follow up period. The choice of treatment depends on surgeon’s preference
but according to our study, translumbar and trasncaval embolization seems to be more effective

with better mid-term results and lower re-intervention rates.

Conclusions

Translumbar, transarterial and transcaval embolization for persistent type II endoleak present
high technical success, low mortality rates and acceptable perioperative complications. Among
the three approaches, patients that are treated with transarterial embolization will probably need
further intervention in order to achieve sac stabilization and endoleak resolution, compared to the
other two endovascular approaches. Open repair could provide always a definitive solution and

should be preferred in selected patients only when endovascular means have previously failed.

-19-



References

10.

Chuter T.A, Faruqi R.M, Sawhney R, et al. Endoleak after endovascular repair of
abdominal aortic aneurysm. J Vasc Surg. 2001;34:98-105.

Buth J, Harris P.L, van Marrewijk C, Fransen G. The significance and management of
different types of endoleaks. Semin Vasc Surg. 2003;16:95-102.

Van Marrewijk C, Buth J, Harris P.L, et al. Significance of endoleaks after endovascular
repair of abdominal aortic aneurysms: The EUROSTAR experience.J Vasc
Surg. 2002;35:461-473.

Sheehan M.K, Ouriel K, Greenberg R, et al. Are type II endoleaks after endovascular
aneurysm repair endograft dependent? J Vasc Surg. 2006;43:657—661.

Wanhainen A., Van Herzeelle ., et al. European Society for Vascular Surgery (ESVS) 2024
Clinical Practice Guidelines on the Management of Abdominal Aorto-Iliac Artery
Aneurysms. Eur J Vasc Endovasc Surg (2024) 67, 192e331

Schlosser FJ, Gusberg RJ, Dardik A, Lin PH, Verhagen HJ, Moll FL, et al. Aneurysm
rupture after EVAR: can the ultimate failure be predicted? Eur J Vasc Endovasc Surg
2009;37:15e22

Wu WW, Swerdlow NJ, Dansey K, Shuja F, Wyers MC, Schermerhorn ML. Surgical
treatment patterns and clinical outcomes of patients treated for expanding aneurysm sacs
with type II endoleaks after endovascular aneurysm repair. J Vasc Surg 2021;73:484¢93.
Ultee KHJ, Biittner S, Huurman R, Bastos Gongalves F, Hoeks SE, Bramer WM, et al.
Editor’s Choice e Systematic review and meta-analysis of the outcome of treatment for
type II endoleak following endovascular aneurysm repair. Eur J Vasc Endovasc Surg
2018;56:794e807

Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.;
Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 statement:
An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71

Charitable, J. F., Patalano, P. I., Garg, K., Maldonado, T. S., Jacobowitz, G. R., Rockman,
C. B, Veith, F. J., & Cayne, N. S. (2021). Outcomes of translumbar embolization of type

-20-



1.

12.

13.

14.

15.

16.

17.

18

I endoleaks following endovascular abdominal aortic aneurysm repair. Journal of
Vascular Surgery, 74(6), 1867—1873.

Fanelli, F., Cannavale, A., Chisci, E., Citone, M., Falcone, G. M., Michelagnoli, S., &
Miele, V. (2021). Direct percutaneous embolization of aneurysm sac: a safe and effective
procedure to treat post-EVAR type Il endoleaks. Radiologia Medica, 126(2), 258-263.
Lagios, K., Karaolanis, G., Bazinas, T., Perdikides, T., & Bountouris, 1. (2018).
Translumbar Infusion of N-Butyl Cyanoacrylate for the Treatment of Type II Endoleaks.
Journal of Vascular and Interventional Radiology, 29(6), 826—832.

Leati, G., Di Bartolomeo, F., Maffi, G., Boccalon, L., Diaco, D., Segalini, E., & Spinazzola,
A. (2023). Translumbar type II endoleak embolization with a new liquid iodinated
polyvinyl alcohol polymer: Case series and review of current literature. Frontiers in
Radiology, 3.

Rhee, R., Oderich, G., Hertault, A., Tenorio, E., Shih, M., Honari, S., Jacob, T., & Haulon,
S. (2020). Multicenter experience in translumbar type II endoleak treatment in the hybrid
room with needle trajectory planning and fusion guidance. Journal of Vascular Surgery,
72(3), 1043-1049.

Thomas, W. R., Karkhanis, S., Hopkins, J., & Duddy, M. (2020). Translumbar
Embolization of Type II Endoleaks: 12 Years of Experience at a Regional Vascular Centre.
Vascular and Endovascular Surgery, 54(5), 389-394.

Arenas Azofra, E., Rey, V. M., Marcos, F. A., Al-Sibbai, A. Z., Garcia, F. V., & Pérez, M.
A. (2020). Results of Transarterial Embolization for Treating Type 2 Endoleaks: A Single-
Center Experience. Annals of Vascular Surgery, 66, 104—1009.

Horinouchi, H., Okada, T., Yamaguchi, M., Maruyama, K., Sasaki, K., Gentsu, T,
Ueshima, E., Sofue, K., Kawasaki, R., Nomura, Y., Omura, A., Okada, K., Sugimoto, K.,
& Murakami, T. (2020). Mid-term Outcomes and Predictors of Transarterial Embolization
for Type II Endoleak After Endovascular Abdominal Aortic Aneurysm Repair.
CardioVascular and Interventional Radiology, 43(5), 696—705.

. Moosavi, B., Kaitoukov, Y., Khatchikian, A., Bayne, J. P., Constantin, A., & Camlioglu, E.

(2023). Direct sac puncture versus transarterial embolization of type II endoleaks after

endovascular abdominal aortic aneurysm repair: Comparison of outcomes. Vascular.

-21-



19.

20.

21.

22.

23.

24.

25.

26.

Tao, S., Li, L., Xiang, Z., Xiu-jing, X., Zhenjiang, L., Qinglong, Z., Yangyan, H., Lu, T.,
Zi-heng, W., Hong-kun, Z., & Dong-lin, L. (2022). Percutaneous contrast-enhanced
ultrasound-guided transabdominal sac embolization is an effective technique for treating
complicated type II endoleaks after endovascular aneurysm repair. Journal of Vascular
Surgery, 75(6), 1918—1925.

Burley, C. G., Kumar, M. H., Bhatti, W. A., Boyd, C., & Sales, C. M. (2019). Transcaval
embolization as the preferred approach. Journal of Vascular Surgery, 69(4), 1309-1313.
Heidemann, F., Rohlffs, F., Tsilimparis, N., Spanos, K., Behrendt, C. A., Eleshra, A.,
Panuccio, G., Debus, E. S., & Koélbel, T. (2021). Transcaval embolization for type II
endoleak after endovascular aortic repair of infrarenal, juxtarenal, and type IV
thoracoabdominal aortic aneurysm. Journal of Vascular Surgery, 74(1), 38—44.

Ryer, E. J., Penn, E. P., Bitsko, L. J., Cooper, N. T., Hussain, A. S., Salzler, G. G., & Elmore,
J. R. (2021). Outcomes of transcaval endoleak embolization via laser fenestration of the
inferior vena cava following endovascular abdominal aortic aneurysm repair. Journal of
Vascular Surgery Cases, Innovations and Techniques, 7(4), 636—640.

Sidloff DA, Stather PW, Choke E, Bown MJ, Sayers RD. Type II endoleak after
endovascular aneurysm repair. Br J Surg 2013;100:1262-70.

Buth J, Harris PL, van Marrewijk C. Causes and outcomes of open conversion and
aneurysm rupture after endovascular abdominal aortic aneurysm repair: can type II
endoleaks be dangerous? J Am Coll Surg 2002;194:S98-102

Jones JE, Atkins MD, Brewster DC, Chung TK, Kwolek CJ, LaMuraglia GM, et al.
Persistent type 2 endoleak after endovascular repair of abdominal aortic aneurysm is
associated with adverse late outcomes. J Vasc Surg 2007;46:1-8

Moll FL, Powell JT, Fraedrich G, Verzini F, Haulon S, Waltham M, et al; European Society
for Vascular Surgery. Management of abdominal aortic aneurysms clinical practice
guidelines of the European Society for Vascular Surgery. Eur J Vasc Endovasc Surg

2011;41(Suppl 1):S1-58.

-22-



	T2EL diploma_TELIKO
	T2EL diploma
	ΠΡΟΛΟΓΟΣ

	ΠΡΟΛΟΓΟΣ



