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АННОТАЦИЯ
Введение. Вторичные эндолики (ЭЛ) первого типа требуют скорейшего их устранения, прежде всего эндо-

васкулярными методами . Несмотря на достаточно большое число способов их устранения, результаты лечения 
остаются неоднозначны . 

Цель. Анализ собственного опыта устранения ЭЛ первого типа у пациентов после эндопротезирования ин-
фраренальной аневризмы брюшной аорты . 

Материалы и методы. Исследование является ретроспективным с проспективным наблюдением . Всем 
больным с целью идентификации типа ЭЛ и выбора способа его устранения выполняли компьютерную томогра-
фию (КТ) . Под термином «вторичный ЭЛ первого типа» понимали ЭЛ, который развивался в отдаленном периоде 
после первично отрицательной КТ-ангиографии после эндопротезирования аорты .

Результаты. ЭЛ Ia типа были диагностированы в 14 наблюдениях, ЭЛ Ib типа был установлен в одном 
случае . В среднем, вторичные ЭЛ первого типа были выявлены через 34 месяцев после первичной операции 
по установке эндографта . У 2 из 15 пациентов ЭЛ были симптомными . Устранение ЭЛ первого типа во всех слу-
чаях потребовало индивидуализированного подхода . Основными методами устранения ЭЛ первого типа яви-
лись: удлинение с помощью Jotec E-iliac (n = 1); койлинг, с имплантацией манжеты Gore cuff и выполнение 
Chimney-стентирования левой почечной артерии (ЛПА; n = 2); имплантация манжеты Gore cuff (n = 4); укрепление 
Aptus Endo Anchors (n = 2); имплантация манжеты Cuff Gore и стентирование ЛПА по Chimney (n = 1); импланта-
ция Cuff Jotec и укрепление с помощью Aptus Endo anchors (n = 1); койлинг аневризматического мешка (n = 2);  
имплантация манжеты Gore, фиксацией EndoAnchors и стентированием ЛПА с применением Chimney-техники  
(n = 1) . Технический успех устранения ЭЛ составил 100% (во всех случаях успех подтвержден интраоперационной 
ангиографией, а также КТ-ангиографией или ультразвуковым дуплексным сканированием с контрастным усиле-
нием после операции), летальных исходов не было . В отдаленном периоде (от 6 до 60 месяцев) в двух случаях 
выполнены реинтервенции, летальный исход — в одном случае, после выполнения поздней открытой конверсии 
с целью устранения ЭЛ .

Заключение. В 13% случаев ЭЛ первого типа были симптомными, а их устранение требовало идивидуально-
го подхода с учетом анатомических факторов и имплантированного графта . Среднесрочные результаты устране-
ния ЭЛ первого типа являются хорошими, летальных случаев зарегистрировано не было, а число реинтервенций 
достигло 20%, что требует контроля в послеоперационном периоде . 
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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 Ia 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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INTRODUCTION
Abdominal aortic aneurysm (AAA) is a life-threatening 

condition with a high mortality rate in case of its rupture 
[1–7] . 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 I 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 I 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 I endoleak’ was understood as EL that developed 

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 Ia and Ib type ELs were identified in 15 
patients, with this, in 6 patients with type I 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 .

Ia type EL was diagnosed in 14 cases, while Ib type 
EL was diagnosed in one case . On average, late type I ELs 
were identified in 34 months after the primary operation 
for insertion of an endograft . Type I 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 
I 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 .

LIST OF ABBREVIATIONS
 

AAA — abdominal aortic aneurysm
EL — endoleak
CT — computed tomography
EVAR — endovascular aortic repair
iAAА — infrarenal abdominal aortic aneurysm
LRA— left renal artery
RF — risk factor

https://clinicaltrials.gov/
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Table 1. Demographic Characteristics and Risk Factors in Patients with Type I Endoleaks after Endovascular Repair of Infrarenal 
Abdominal Aortic Aneurysm (n = 15)

Parameters Value

Men/women, persons 12/3

Mean age, years 71.4

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 I Endoleaks, Methods of Their Elimination and Long-Term Period

Gender, Age Primary EVAR Surgery 
(years) EL Type Elimination Method Long-Term Period/Reinterventions

A man,  
67 years old EVAR/Jotec Etegra (2010) Ib, on the 

right

In 2 years, EL Ib on the left, elongation was 
performed with Jotec E-iliac. In 2 years, II type EL, 
coiling was performed. In 5 years, Ia type EL  
with dilatation of the aortic aneurysm neck, 
eliminated with implantation of Anaconda 
4-fenestrated graft.

A man,  
76 years old EVAR/Endurant (2012) Ia Coiling with implantation of Gore cuff 

and Chimney-stenting of LRA Follow-up 16 months. EL not identified.

A man,  
78 years old

EVAR/Gore Excluder 
(2020) Ia Implantation of Gore cuff Follow-up 7 months. EL not identified.

A woman,  
76 years old EVAR/Endurant (2004) Ia Open conversion, fatal outcome –

A man,  
73 years old

EVAR/Gore Excluder 
(2019) Ia Implantation of Gore cuff Follow-up 36 months. EL not identified.

A man,  
77 years old EVAR/Jotec Etegra (2016) Ia Implantation of Gore cuff Follow-up 12 months. EL not identified.

A man,  
75 years old EVAR/Jotec Etegra (2018) Ia Fixation with Aptus EndoAnchors Follow-up 24 months. EL not identified.

A woman,  
72 years old EVAR/Endurant (2016) Ia Implantation of Gore cuff –

A man,  
85 years old EVAR/Jotec Etegra (2014) Ia Implantation of Сuff Gore and stenting 

of LRA by Chimney method Follow-up 9 months. EL not identified.

A man,  
73 years old EVAR/Jotec Evita (2011) Ia Fixation with Aptus EndoAnchors Follow-up 6 months. EL not identified.

A man,  
64 years old EVAR/Jotec Etegra (2013) Ia Implantation of Cuff Jotec and fixation 

with Aptus EndoAnchors Follow-up 12 months. EL not identified.

A man,  
57 years old

EVAR/Gore Excluder 
(2019) Ia Implantation of Cuff Gore, coiling, 

stenting of LRA by Chimney method Follow-up 12 months. EL not identified.

A man,  
66 years old

EVAR/Gore Excluder 
(2019) Ia Coiling of aneurysmal sac Follow-up 12 months. EL not identified.

A woman,  
65 years old EVAR/Endurant (2010) Ia Coiling of aneurysmal sac Follow-up 12 months. EL not identified.

A man,  
67 years old EVAR/Endurant (2007) Ia

Implantation of Gore, fixation with 
EndoAnchors and stenting of LRA 
with Chimney technique

Follow-up 12 months. EL not identified.

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 
months) reinterventions were performed in two cases, 

fatal outcome was recorded in one case after a late open 
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 Ia type endoleak.

DISCUSSION
According to a number of authors, endoleaks 

are the main cause of ruptures after endovascular 
aortic repair and late open conversions [14] . Thus,  
G . Kouvelos, et al . found that ELs were indications for 

late open conversions in 62 .4% of cases [15] . Type I ELs 
are accompanied by a significant increase in pressure in 
the aneurysmal sac, which leads to an overtension and 
rupture of its wall [8, 11, 13, 16] . The evaluation of the 
frequency of occurrence of type I 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 I 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 II 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 I 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 I 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 Ia 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 Ia EL using the aortic cuff .

A systematic review and meta-analysis of 
techniques for the elimination of Ia type endoleaks by  

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 Ia type 
ELs requires rather complicated reinterventions [8], 
especially in implantation of fenestrated endoprosthesis . 
A rather rare variant of eliminating type Ia 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 Ia 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 I 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 I 
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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