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AHHOTALUNA

Bsederue. BropuuHble 3HA0AMKKM (3]1) nepBoro Tvna TpebyloT CKOPEMLWEro UX YCTpaHeHWA, NPeae BCEro 3HAo-
BaCKyNApHbIMM MeToAaMu. HecMoTps Ha J0CTaTo4HO 60MbLIOE YMCIO CNOCOB0B MX YCTPaHEHWA, pe3ynbTaTbl IeYeHus
OCTaKTCA HEOQHO3HAYHBI.

Llene. AHanu3 cobcTBEHHOrO onbiTa ycTpaHeHWA 31 nepBoro TMna y NauMeEHTOB NOCe 3HAONPOTE3MPOBAHUA WH-
(papeHanbHo aHeBPU3MbI OPIOLLHOM aopThl.

Mamepuanel u Memodel. ViccnepoBaHue ABNAETCA PETPOCMEKTUBHBIM C MPOCMEKTUBHBIM HabniogeHneM. Bcem
60MbHBIM C Lenblo naeHTUGUKaumm Tuna 3J1 u Bbibopa cnocoba ero yCTpaHeHUA BbIMOMHANM KOMMbIOTEPHYI0 TOMOrpa-
duto (KT). Moa TepMMHOM «BTOpMYHBIM )1 NepBoro TMna» noHMManu 3J1, KOTopbIM pa3BMBanCcA B OTAANEHHOM Nepuoge
nocnie nepBUYHO oTpuLaTensHoin KT-aHrmorpadgum nocne 3HJoNpOTE3MPOBAHNA A0PThI.

Pesynomamei. 3J1 la TMna 6binn guvarHocTMpoBaHbl B 14 HabniogeHwsx, 3J1 |b Tuna 6bin ycTaHOBNEH B 0[HOM
cnyyae. B cpegHeM, BTopuuHble 3J1 nepBoro Tvna 6binu BhiABNEHbI Yepe3 34 MecAUEB Noc/ie MEPBMYHON Onepauum
no ycTaHoBKke aHaorpadta. ¥ 2 us 15 naumentoB 3J1 6binm cuMnToMHbIMK. YcTpaHeHue 3J1 nepBoro TMna Bo BCEX CIly-
yaAx notpeboBano MHAMBMAYanM3MpoBaHHOro noaxoda. OcHOBHbIMM MeTodamu yctpaHenusa 3J1 nepBoro Tvna ABU-
JIUCb: yANUHeHWe ¢ noMouwbio Jotec E-iliac (n = 1); KOWAMHI, ¢ UMNNaHTauMen MaHxeTol Gore cuff U BbINONHeHWe
Chimney-cTeHTMpoBaHWsA neBoii nodeyHor aptepum (JMA; n = 2); umnnanTaumna MaHxeTsl Gore cuff (n = 4); ykpennexue
Aptus Endo Anchors (n = 2); uMnnanTauma Manxetsl Cuff Gore n ctentuposanue JIMA no Chimney (n = 1); uMnnanTa-
uma Cuff Jotec v ykpennenune ¢ noMowblo Aptus Endo anchors (n = 1); KOMNMHI aHEBPM3MATMUECKOrO MeLlKa (n = 2);
WMNaHTauMs MaHKeTbl Gore, dukcaumen EndoAnchors v cteHtupoBaHueM JIMA ¢ npumeHeHueM Chimney-TeXHUKM
(n = 1). TexHnueckmin ycnex yctpaHenus 3J1 coctasun 100% (Bo Bcex ciyyanx ycnex nogTBEPHAEH UHTpaonepaLoHHo
aHruorpadwei, a Take KT-aHrvorpadmert nnm ynbTpasByKoBbIM OyMIEKCHBIM CKAHUPOBAHWEM C KOHTPACTHBIM ycuie-
HWeM nocne onepauwuu), nNeTanbHbIX UCX040B He bbino. B oTaaneHHoM nepvoge (o1 6 go 60 MecAUeB) B ABYX Clyyanx
BbIMOJIHEHbI PEUHTEPBEHLMM, NIETaNbHbIA UCX0 — B OHOM Cily4ae, NOC/e BbINOIHEHWA NO3JHEN OTKPLITOM KOHBEPCUU
C Uenblo ycTpaHeHus 3J1.

3aknoyenue. B 13% cnyyaes 3J1 nepsoro TMna 6binM CUMNTOMHBIMK, @ UX YCTpaHeHue TpeboBano ManBUAYanbHO-
ro noJxoda C y4eTOM aHaTOMMYeCcKUX GaKTOpoB U MMMNAHTMPOBaHHOMO rpadTa. CpeaHecpoUHble pesysbTaThl ycTpaHe-
HuA 3J1 nepBoOro TMNa ABMAKTCA XOPOLUMMM, NeTabHbIX Cly4aeB 3aperucTpUpoBaHo He 6biNo, @ YUCIO PEMHTEPBEHLMI
pocturno 20%, uto TpebyeT KOHTPONA B NoCNeonepaLyoHHOM Nepuoge.
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ABSTRACT

INTRODUCTION: First type secondary endoleaks (EL) require quickest elimination, primarily using the endovascular
methods. Despite the existence of a sufficiently large number of methods of their elimination, the results of treatment
remain ambiguous.

AIM: Analysis of our own experience of elimination of the first type ELs in patients after endoprosthetics of infrarenal
abdominal aortic aneurysm.

MATERIALS AND METHODS: The study is retrospective with prospective observation. All patients underwent
computed tomography (CT) for identification of the type of EL and choosing a method of its elimination. The term ‘first type
secondary EL’ was understood as EL which developed in the long-term period after the primarily negative CT-angiography
after endoprosthetic repair of the aorta.

RESULTS: ELs of la type were diagnosed in 14 cases, in one case EL of Ib type was identified. On average, first type
secondary ELs were identified in 34 months after the primary operation for endograft implantation. In 2 of 15 patients,
EL were symptomatic. The elimination of the first type EL required an individualized approach in all cases. The main
methods of elimination of the first type EL were: elongation using Jotec E-iliac (n = 1); coiling with implantation of Gore
cuff and Chimney-stenting of the left renal artery (LRA; n = 2); implantation of Gore cuff (n = 4); reinforcement with Aptus
EndoAnchors (n = 2); Cuff Gore implantation and LRA stenting by Chimney-technique (n = 1); implantation of Cuff Jotec
and reinforcement with Aptus EndoAnchors (n = 1); aneurysmal sac coiling (n = 2); Gore cuff implantation with fixation
with EndoAnchors and LRA stenting using Chimney-technique (n = 1). The technical success of EL elimination was 100%
(in all cases, the success was confirmed by intraoperative angiography, as well as by CT angiography or ultrasound
duplex scanning with contrast enhancement after surgery), there were no deaths. In the long-term period (from 6 to
60 months), re-interventions were performed in two cases, fatal outcome happened in one case, after a late open
conversion for elimination of EL.

CONCLUSION: In 13% of cases, first type ELs were symptomatic, and their elimination required individual approach
with taking into account anatomical factors and the implanted graft. The medium-term results of the elimination
of the first type EL are good, no fatal cases have been reported, and the number of reinterventions has reached 20%,
which requires monitoring in the postoperative period.
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LIST OF ABBREVIATIONS

AAA — abdominal aortic aneurysm

EL — endoleak

CT — computed tomography

EVAR — endovascular aortic repair

iAAA — infrarenal abdominal aortic aneurysm
LRA— left renal artery

RF — risk factor

INTRODUCTION

Abdominal aortic aneurysm (AAA) is a life-threatening
condition with a high mortality rate in case of its rupture
[1-71. In the last decade, in Western European countries and
the United States of America, endovascular repair of the
infrarenal abdominal aortic aneurysm (iAAA) is performed
in the overwhelming majority of cases [1-3]. Despite the
proven advantages of endovascular aortic repair (EVAR),
‘the Achilles heel’ of this treatment method is formation of
endoleaks (EL) [8-11]. The term ‘endoleak’ is understood
as the existence of blood flow inside the aneurysmal sac
after EVAR, but outside the inserted prosthesis [8, 9].

The most common cause of AAA rupture in the long
term period is the existence of the type | EL which is the
blood flow between the aneurysmal sac and endograft
due to incomplete fit of the graft to the aortic wall in
the region of the proximal neck of the aneurysm in
distal zones of implantation of the iliac arteries [8,
11-13]. As noted in the guidelines of the European and
Russian Societies for Vascular Surgery, type | endoleak
requires early elimination [11], primarily by endovascular
methods [12]. Despite a fairly large number of methods
of its elimination, the results of treatment, especially of
secondary ELs, remain ambiguous.

The aim of this study was analysis of the own
experience of eliminating secondary endoleaks in
patients after endovascular repair of the infrarenal
abdominal aortic aneurysm.

MATERIALS AND METHODS

The work was performed as part of a study on the
treatment of patients with AAA and its complications
after endovascular prosthetics (ID ClinicalTrials.gov
NCT04935268). The study is retrospective with
prospective observation. All the patients underwent
computed tomography (CT) angiography of the aorta and
iliac arteries with 1 mm increments with a late venous
phase to identify the type of EL and choose a way to
eliminate it. In the postoperative period, all the patients
underwent control CT angiography. The term ‘secondary
type | endoleak’ was understood as EL that developed
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in the long-term period after primary negative CT
angiography after EVAR.

RESULTS

Of the total number of patients with AAA who
underwent EVAR in the period from 2010 to 2019,
secondary la and Ib type ELs were identified in 15
patients, with this, in 6 patients with type | EL, the
primary endovascular repair of AAA was performed in
other clinics. Clinical and demographic characteristics of
the analyzed cohort are given in Table 1.

la type EL was diagnosed in 14 cases, while Ib type
EL was diagnosed in one case. On average, late type | ELs
were identified in 34 months after the primary operation
for insertion of an endograft. Type | ELs developed after
insertion of the following endografts: Jotec Etegra,
Medtronic Endurant, Gore Excluder, Jotec Evita. In two of
15 patients, ELs were symptomatic requiring emergency
surgery for their elimination.

The main methods of elimination of type IEL were:
elongation using Jotec E-iliac (n = 1); coiling with
implantation of Gore cuff and Chimney-stenting of the
left renal artery (LRA; n = 2); implantation of Gore cuff
(n=4); fixation with Aptus EndoAnchors (n=2); implantation
of Cuff Gore and LRA stenting by Chimney technique (n=1);
implantation of Cuff Jotec with fixation with Aptus
EndoAnchors (n = 1); aneurysmal sac coiling (n = 2);
implantation of Gore cuff with fixation with EndoAnchors
and LRA stenting using Chimney technique (n = 1).

The technical success of EL elimination was 100%.
Methods of elimination of secondary ELs and the long-
term period are presented in Table 2.

As seen from the presented table, eliminating type
| EL required individual approach in all cases. Only in
4 cases the implantation of aortic cuff was performed
in the isolated form to eliminate EL (Figure 1). In these
cases, the aortic cuff was additionally fixed with Aptus
EndoAnchors (Figure 2). In all cases, the procedure for
EL elimination was confirmed with the intraoperative
angiography, as well as by CT angiography or duplex
ultrasonography with contrast enhancement after the
surgery. No fatal outcomes were recorded.
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Table 1. Demographic Characteristics and Risk Factors in Patients with Type | Endoleaks after Endovascular Repair of Infrarenal

Abdominal Aortic Aneurysm (n = 15)

Parameters Value
Men/women, persons 12/3
Mean age, years 1.4
Age of the primary implantation of the graft 68.0
Smoking, persons 13
Essential hypertension, persons 13
Coronary heart disease, persons 3
Chronic kidney disease, persons 5
Chronic obstructive pulmonary disease, persons 2
Diabetes mellitus, persons 2

Table 2. Variants of Type | Endoleaks, Methods of Their Elimination and Long-Term Period

Gender, Age Prlmary()I,E(\el:rI:)Surgery EL Type Elimination Method Long-Term Period/Reinterventions
In 2 years, EL Ib on the left, elongation was
performed with Jotec E-iliac. In 2 years, Il type EL,

A'man, b, on the coiling was performed. In 5 years, la type EL
67 years old EVAR/ Jotec Etegra (2010) right with dilatation of the aortic aneurysm neck,
eliminated with implantation of Anaconda
4-fenestrated graft.
A'man, Coiling with implantation of Gore cuff A
76 years old EVAR/Endurant (2012) la and Chimney-stenting of LRA Follow-up 16 months. EL not identified.
Aman, EVAR/Gore Excluder . A
78yearsold | (2020) la Implantation of Gore cuff Follow-up 7 months. EL not identified.
A woman, .
76 years old EVAR/Endurant (2004) la Open conversion, fatal outcome -
A'man, EVAR/Gore Excluder . R
T3yearsold | (2019) la Implantation of Gore cuff Follow-up 36 months. EL not identified.
A man, . N
77 years old EVAR/Jotec Etegra (2016) la Implantation of Gore cuff Follow-up 12 months. EL not identified.
éSn;aegvrs old EVAR/Jotec Etegra (2018) la Fixation with Aptus EndoAnchors Follow-up 24 months. EL not identified.
A woman, .
72 years old EVAR/Endurant (2016) la Implantation of Gore cuff -
A man, Implantation of Cuff Gore and stenting : —
85 years old EVAR/Jotec Etegra (2014) la of LRA by Chimney method Follow-up 9 months. EL not identified.
A man, EVAR/Jotec Evita (2011) la Fixation with Aptus EndoAnchors Follow-up 6 months. EL not identified.
73 years old
A'man, Implantation of Cuff Jotec and fixation -
64 years old EVAR/Jotec Etegra (2013) la with Aptus EndoAnchors Follow-up 12 months. EL not identified.
Aman, EVAR/Gore Excluder Implantation of Cuff Gore, coiling, N
57 yearsold | (2019) la stenting of LRA by Chimney method Follow-up 12 months. EL not identified.
A'man, EVAR/Gore Excluder . -
s6yearsold | (2019) la Coiling of aneurysmal sac Follow-up 12 months. EL not identified.
A woman, o o
EVAR/Endurant (2010) la Coiling of aneurysmal sac Follow-up 12 months. EL not identified.

65 years old
Aman Implantation of Gore, fixation with

' EVAR/Endurant (2007) la EndoAnchors and stenting of LRA Follow-up 12 months. EL not identified.
67 years old X ; )

with Chimney technique

Notes: LRA — Left Renal Artery, EL — endoleak, EVAR — Endovascular Aortic Repair
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In the long-term period (from 6 months to 60 fatal outcome was recorded in one case after a late open
months) reinterventions were performed in two cases, intervention to eliminate EL.

Fig. 1. CT angiography after implantation of the aortic cuff in Ia type endoleak.
Note: CT — Computed Tomography.

Fig. 2. Intraoperative photo after implantation of the aortic cuff with fixation with Aptus EndoAnchors in la type endoleak.

DISCUSSION late open conversions in 62.4% of cases [15]. Type | ELs

According to a number of authors, endoleaks are accompanied by a significant increase in pressure in
are the main cause of ruptures after endovascular the aneurysmal sac, which leads to an overtension and
aortic repair and late open conversions [14]. Thus, rupture of its wall [8, 11, 13, 16]. The evaluation of the
G. Kouvelos, et al. found that ELs were indications for  frequency of occurrence of type | ELs is difficult due to
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the heterogeneity of the published material and absence
of a unified register of complications after EVAR. The
main risk factors (FRs) for the development of type | EL
are: inappropriate ‘oversizing’, significant angulation of
the aneurysm neck, calcification of the AAA neck, short
AAA neck, conical AAA shape, circular location of the
thrombus in the region of the neck and of the endograft
implantation [17-19], existence of type Il endoleak and
some others [17-21].

In the long-term postoperative period in identification
of EL, it is extremely difficult in some cases to evaluate in
what anatomic conditions the primary graft implantation
was performed and what RFs could have lead to
development of the given complication. In 6 cases of our
study, the primary implantations of grafts were performed
in other medical institutions, which did not permit to
evaluate the RFs of their development. In other cases,
the RFs were progression of aneurysmal degeneration,
calcification of AAA neck, short neck and its maximally
permissible angulation for repair with a certain graft.

Type | ELs require the earliest possible detection
and elimination [8, 11, 13, 21]. In case of failure of
endovascular elimination of EL, an open surgery is
recommended [8, 11], however, the experience of
performing open conversions demonstrates a significant
number of postoperative complications and mortality
cases [14—16]. Besides, it should be noted that many
patients with AAA have a number of severe concomitant
diseases, which influences the postoperative period.

The most frequently used methods of endovascular
elimination of type | EL are Palmaz stent implantation,
installation of an aortic cuff both in the isolated form
and in combination with implantation of stents into the
renal arteries, embolization of endoleak, as well as
implantation of a fenestrated graft [8, 11, 16]. In 8 of
our observations, the installation of an aortic cuff was
performed in a combination with stenting of the renal
arteries, as well as fixation with Aptus EndoAnchors,
embolization of the endoleak, implantation of a
fenestrated graft and in one observation (with type Ib
EL) with elongation with Jotec E-iliac. The existence of
different methods of eliminating EL requires an individual
approach to EL elimination in each case with taking into
account the anatomical conditions. In a retrospective
analysis R. R. Rajani, et al. on the basis of the experience
of treating 72 patients with AAA with intraoperatively
identified type la EL which was eliminated by implantation
of Palmaz stent (33.0%) or a graft-cuff (62.5%), found
that both methods are reliable and demonstrate a good
long-term result [21]. The medium-term and long-
term results of our observations also demonstrated the
absence of reinterventions and ruptures of the AAA after
the elimination of type la EL using the aortic cuff.

A systematic review and meta-analysis of
techniques for the elimination of la type endoleaks by
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P. Perini, et al. (2019) demonstrated a technical success
of reintervention with use of aortic cuff in 98.0% of cases,
of fenestrated graft — in 86.2%, endostapling — in
57.0%, embolization — in 95.2% [22]. It should be
noted that in many cases, the elimination of la type
ELs requires rather complicated reinterventions [8],
especially in implantation of fenestrated endoprosthesis.
A rather rare variant of eliminating type la ELs is the
use of EndoAnchors, however, its application is limited
by the clearance between the aortic wall and the graft
[23]. In our observations, this procedure was performed
with implantation of the aortic cuff (n = 1) with a good
medium-term result. Another relatively rare variant of
elimination of type la ELs is embolization.

Ib type ELs most commonly emerge in dilated,
calcified short iliac arteries, their significant bends,
a short lower stem of the iliac part of the graft or
its migration [8, 11]. In most cases, type Ib ELs are
eliminated by distal elongation of the graft [20],
embolization of the internal iliac artery or implantation
of a branched iliac graft, which was also demonstrated
in one of our observations with a good long-term result.

CONCLUSION

In 13% of clinical observations of type | endoleaks
in patients after endovascular repair of infrarenal aortic
abdominal aneurysm, they were symptomatic, and their
elimination required individual approach with taking
into account anatomical factors and of the implanted
graft. The medium-range results of elimination of type |
endoleaks are good, no fatal cases were recorded, the
number of reinterventions reached 20%; control in the
postoperative period is required.
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