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Abstract
Endovascular aneurysm repair (EVAR) has emerged as a pivotal technique in managing abdominal aortic aneu-
rysms. As with any medical intervention, EVAR poses inherent risks of complications. Among various post-EVAR 
complications, a major one is endoleaks, characterised by periprosthetic leakage. Various types of endoleaks 
exist, with type II being the most commonly observed, resulting from blood reperfusion into the aneurysm sac 
through the lumbar and/or inferior mesenteric artery (IMA), median sacral, or accessory renal arteries. Due 
to the low-pressure nature of type II endoleaks, consequences may range from patients being asymptomatic 
to experiencing life-threatening situations. The risk of aneurysm rupture in cases of isolated type II endoleaks 
is relatively low, estimated at 0.5% to 2.4%. Therefore, routine observation is generally recommended, and 
intervention is reserved for situations where there is a persistent increase in the aneurysm sac diameter by 
more than 5 mm over 6 months or the occurrence of other complications, such as rupture of the aneurysm 
sac. If detected during the procedure, type II endoleaks often resolve spontaneously, making immediate treat-
ment unnecessary. Factors contributing to the persistence of such leaks include an active IMA, a high number 
and diameter of active lumbar arteries, and ongoing anticoagulant treatment. The long-term effects of type 
II endoleaks vary, with the aneurysm sac shrinking in 25% of patients, remaining unchanged in the majority 
of patients (50–70%), and enlarging in a few patients (12%). Treatment options, if needed, encompass di-
verse methods such as embolisation of the IMA or lumbar arteries using coils, occluders, or tissue adhesives, 
injection of polymers directly into the aneurysmal sac, or laparoscopic clipping of the IMA and lumbar arteries. 
However, the efficacy of these methods varies, with the aneurysm continuing to grow in 60% of patients, often 
necessitating repeat procedures or even graft removal and traditional surgery. Despite extensive research on 
type II endoleaks, therapeutic considerations remain unresolved. Moreover, the importance of intervention, 
optimal timing of procedures, most effective diagnostic methods, and treatment modalities for type II endoleaks 
remain controversial.
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Introduction

Endovascular abdominal aortic aneurysm repair 
(EVAR) has evolved into a pivotal technique for treating 
abdominal aortic aneurysms [1]. Its origins trace back 
to 1987 when Nicolai Volodos in Kharkiv became the 
world’s first surgeon to dissect an aortic aneurysm using 
an endovascularly inserted endoprosthesis. Subsequen-
tly, in 1991, Parodi and colleagues presented and deta-
iled the technique of percutaneous graft implantation 
[2, 3]. Since then, there has been a rapid proliferation 
of its widespread utilisation, supported by numerous 
studies validating its efficacy compared to traditional 
methods [4, 5]. In many countries, the predominant 
approach to managing abdominal aortic aneurysms is 
through EVAR [3, 6].

As with any medical procedure, EVAR is associated 
with the risk of complications. A major complication 
after EVAR is endoleaks, which are characterised by 
periprosthetic leakage [7]. An endoleak is defined as 
the persistence of active blood flow into the aneurysm 
sac after the procedure. Various endoleak types are 
recognised, with types I–V being the most commonly 
described. Many patients experiencing complications 
after EVAR exhibit type II endoleaks, resulting from 
blood reperfusion into the aneurysm sac, typically from 
the inferior mesenteric artery (IMA) or lumbar arteries 
[7, 8]. Given the low-pressure nature of this leak, its 
consequences can range from asymptomatic cases to 
potentially life-threatening situations for patients [1].

Ultee et al. emphasised that the risk of aneurysm 
rupture in the presence of an isolated type II endoleak 
is relatively low, estimated within the range of 0.5–2.4% 
[9]. Therefore, routine observation is recommended in 
most cases, and intervention is only warranted if there 
is a persistent increase in the aneurysm sac diameter 
by more than 5 mm over 6 months or if other compli-
cations arise, such as aneurysm sac rupture [10].

Epidemiology

Type II endoleaks involve the retrograde filling 
of the aneurysm sac with blood from active lumbar 
arteries and/or the IMA, median sacral, or accessory 
renal arteries. This complication stands as the most 
prevalent problem following endovascular abdominal 
aortic aneurysm repair [8, 10]. Previous studies have 
reported that this complication occurs perioperatively 
in 25% of patients [11, 12].

If detected during the procedure, treatment is 
typically unnecessary, as half of such endoleaks spon-
taneously resolve [12]. The risk of recurrence within 
6 months of the procedure varies between 10% and 
15% [11–13]. Several factors heighten the risk of 

persistent leaks, including an active IMA, a substantial 
number and diameter of active lumbar arteries, and 
ongoing anticoagulant treatment [12, 13].

The long-term effects of type II endoleaks exhibit va-
riability, with the aneurysm sac shrinking in 25% of pa-
tients, remaining unchanged in the majority of patients 
(50–70%), and enlarging in a few (12%) patients [11, 
12, 14]. Some leaks may manifest late, even 6 months 
or more after EVAR, potentially causing aneurysm 
enlargement, though rapid dilatation is rare [13, 14].

If treatment becomes necessary, various methods 
are employed: embolisation of the IMA or lumbar 
arteries using coils, occluders, or tissue adhesives; 
injections of polymers directly into the aneurysmal sac; 
or laparoscopic clipping of the IMA and lumbar arteries. 
However, the efficacy of these methods varies, with 
the aneurysm continuing to enlarge in 60% of patients, 
often necessitating repeat procedures or even implant 
removal and classical surgery [12, 14]. Type II endoleaks 
rarely result in aneurysm rupture; more commonly, this 
occurs due to unrecognised type I or III leakage [15]. 
The choice of an appropriate management strategy 
should consider various factors, such as the aneurysm 
size, the type and calibre of arteries causing the leak, 
and whether to pursue primary EVAR or secondary 
intervention. A differentiated management approach 
appears both efficient and cost-effective [14, 16].

Risk factors

Post-endovascular aortic aneurysm repair, vigilant 
patient monitoring is imperative due to the potential 
risk of leakage or graft migration. Among the various 
types of postoperative complications, type II endoleaks 
emerge as a prevalent concern, affecting 10–44% of 
patients treated with this method and representing the 
most common form of leakage. Research indicates that 
patients with type II endoleaks may experience elevated 
pressure within the aneurysm sac, thereby heightening 
the risk of rupture [17, 18]. Notably, type II endoleaks 
are less frequent among younger patients and those 
with chronic obstructive pulmonary disease (COPD). 
Conversely, embolisation of the internal iliac arteries 
and extension of the graft limb to the external iliac 
artery were associated with an increased risk of such 
leaks. Importantly, while type II leaks might necessitate 
secondary interventions, they do not appear to impact 
the long-term survival of patients [19].

In a study conducted by Abularrage et al. [20] 
involving 832 post-EVAR patients, type II endoleaks 
were diagnosed in 23% of cases (136 patients). Iden-
tified risk factors in this study included advanced age, 
warfarin use, and paradoxically, smoking demonstrated 
a protective effect against type II endoleaks. Additio-
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nally, patients with a patent IMA, more patent lumbar 
arteries, a larger aneurysm diameter, and fewer thrombi 
in the aneurysm sac were more prone to developing 
type II endoleaks [8, 20].

Conversely, a meta-analysis by Guo et al. [21], ba-
sed on 504 examinations involving 36,588 individuals, 
reported that 22% of patients experienced type II 
endoleaks after EVAR. Factors associated with type II 
endoleaks included age, smoking, patency of the inferior 
mesenteric artery, maximum aneurysm diameter, and 
the number of patent lumbar arteries. Notably, other 
factors such as sex, diabetes, hypertension, anticoagu-
lants, antiplatelet drugs, hyperlipidaemia, chronic kidney 
disease, type of graft material, and COPD were not 
associated with type II endoleaks.

A comprehensive analysis of risk factors for type II 
endoleaks reveals key determinants [8, 19, 20]. Active 
smoking emerges as a factor reducing the incidence of 
type II leakage, corroborated by studies conducted by 
other authors [20, 21]. Conversely, factors such as em-
bolisation of the internal iliac arteries, distal extension of 
stent graft limbs to the external iliac arteries, advanced 
age, and the absence of COPD were found to increase 
the risk of type II endoleaks. A study by Schanzer et al. 
[18] showed that only 42% of patients who underwent 
pre- and post-EVAR computed tomography had ana-
tomical conditions conforming to the strictest criteria 
specified by EVAR device manufacturers, while 69% 
of them met the more liberal criteria. Moreover, 41% 
of patients suffered from aneurysm sac enlargement at 
5 years after EVAR, suggesting that qualification outside 
the manufacturer’s indications represents a significant 
risk of leakage often combined (simultaneous type 
I and type II leakage) in such situations. Factors that 
increase the risk of aneurysm sac enlargement include 
endoleaks, patients aged > 80 years, certain anatomical 
characteristics of the aorta and iliac arteries (aneurysm 
neck diameter ≥ 28 mm, aneurysm neck angle ≥ 60, and 
common iliac artery diameter ≥ 20 mm). Other studies 
have shown that between 24% and 55% of patients 
with type II endoleaks experienced aneurysm sac en-
largement at mid-term follow-up, suggesting the need 
to consider reoperation [18–20]. Importantly, type II 
endoleaks may occur not only perioperatively but also 
at any time after EVAR surgery.

Public health implications

The effects of treating abdominal aortic aneurysm 
with endovascular and classic open surgical repair 
(OSR) have been thoroughly analysed in terms of the 
impact on patients’ quality of life (QOL) and treatment-
-associated costs. Endovascular aneurysm repair has 
been introduced as an alternative to more invasive OSR 

[22]. Short-term postoperative evaluations reveal that 
patients treated with the EVAR method rate their QOL 
higher compared to those treated with the OR method. 
However, six months after the procedure, patients 
treated with the OR method exhibit better QOL [22]. 
Regarding post-EVAR complications, data on type II 
endoleaks are crucial. A study by Steinmetz et al. [23] 
showed that 18.5% of patients had type II endoleaks 
shortly after the procedure, but only 7.2% of patients 
had these endoleaks for ≥ 6 months. The average total 
cost of treating type II endoleaks is $6,695.50 (excluding 
the cost of the stent graft implantation procedure) [23]. 
Notably, endoleaks did not affect the overall survival of 
patients [23]. From an economic standpoint, the study 
by Epstein et al. [24] suggests that, particularly in Eu-
ropean centres, EVAR may not prove cost-effective in 
the long term. When compared to conventional surgery, 
EVAR has demonstrated itself to be a more expensive 
method [24].

Taken together, while endovascular treatment 
offers short-term QOL benefits, long-term data in-
dicate potential complications and higher costs when 
contrasted with surgery. This highlights the need for 
a comprehensive approach in choosing an aneurysm 
treatment, considering the QOL, costs, and potential 
complications.

Diagnostics of type II endoleaks using 
different imaging modalities

Computed tomography with angiography 
(CTA)

CTA has long served as the standard for monitoring 
patients after EVAR, providing high spatial resolution. 
However, CTA has certain limitations in diagnosing type 
II endoleaks. In a meta-analysis comparing CTA with 
contrast-enhanced ultrasound (CEUS), CTA achieved 
a sensitivity of 70% and specificity of 98% [25]. Despite 
technological advancements, some type II endoleaks 
may elude detection by CTA [26]. Moreover, the 
substantial cost per CTA scan poses a challenge in the 
context of frequent post-EVAR patient monitoring [22].

Colour Doppler ultrasonography (CDUS)
CDUS combines traditional brightness-mode 

(B-mode) imaging with Doppler ultrasonography to 
provide detailed information on the anatomical features 
of the aorta and stent graft [27]. Modern technologies, 
such as 3D CDUS, offer even more accurate diagnostics 
[28]. The advantages of CDUS over CTA, particularly 
in terms of result consistency among different exami-
ners, have been emphasised [29]. In detecting type II 
endoleaks, CDUS may yield superior results compared 
to CTA [30].
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Contrast-enhanced ultrasonography (CEUS)
CEUS is based on CDUS, incorporating a contrast 

agent administered intravenously [31]. Modern con-
trast agents, such as perfluorocarbons and sulphur 
hexafluoride, allow more accurate imaging of blood 
flow. In comparison to CTA, CEUS demonstrates an 
impressive sensitivity of 93–99% and a specificity of 
100% in identifying endoleaks after EVAR [32]. For 
detecting type II endoleaks, CEUS may prove more 
effective than CTA [33].

Magnetic resonance angiography (MRA)
MRA is an imaging technique that is performed in 

multiple stages [34]. Most protocols start with axial 
imaging using a T1-weighted gradient-echo sequence. 
MRA shows similar sensitivity to CTA and in some cases, 
such as in those of EVAR using nitinol is superior to 
CTA in detecting type II endoleaks [35]. Nevertheless, 
MRA has some drawbacks that limit its widespread use, 
especially concerning motion interference and metallic 
artefacts [36].

Modern imaging methods  
and nuclear medicine

Modern imaging technologies, such as 3D DUS and 
CEUS, are becoming increasingly used in diagnosing 
endoleaks after EVAR [37]. Although 3D DUS and CEUS 
are not generally available, their development is promi-
sing. Available data indicate that the accuracy of nuclear 
medicine methods in detecting and classifying endoleaks 
after EVAR is not yet comparable to CTA [38].

Taken together, the diagnosis of type II endoleaks 
after EVAR necessitates precise and reliable imaging 
methods. While CTA has been the standard for years, 
modern technologies such as CDUS, CEUS, and MRA 
offer alternative options that can be more sensitive and 
specific in detecting type II endoleaks [25]. The choice 
of the appropriate method depends on various factors, 
including equipment availability, cost, and patient cha-
racteristics [22].

Treatment of patients with type II 
endoleaks

Type II endoleaks pose a significant challenge in the 
endovascular treatment of abdominal aortic aneurysms, 
requiring scientific evidence to support the efficacy and 
safety of various treatment methods. Previous research 
indicates that easily identifiable variables, such as IMA 
patency and the number of patent lumbar arteries, are 
associated with the risk of type II endoleaks [20, 38, 
39]. This knowledge is crucial for identifying patients at 
higher risk of leakage. Considering these findings, there 
exists a subgroup of patients for whom perioperative 

interventions, including IMA or lumbar artery emboli-
sation, or selective embolisation of the aneurysm sac, 
may be worth considering reducing the risk of type II 
endoleaks. Treatment decisions must be tailored to 
each patient, weighing all available data, risks, potential 
benefits of intervention, and the patient’s preferences. 
Some authors argue that type II endoleaks may not 
necessitate intervention. Greenhalgh et al., analysing 
data from 2,000 patients after EVAR, concluded that 
there was no difference in clinical outcomes between 
patients with type II endoleaks and those without these 
endoleaks [40].

Despite the challenges posed by type II endoleaks 
in the EVAR method, most patients with such leaks do 
not require additional interventions and achieve sati-
sfactory long-term results [41]. Various centres employ 
different criteria when deciding on intervention for 
type II endoleaks. For instance, the Miami Cardiac and 
Vascular Institute considers a 5-mm enlargement of the 
aneurysm sac as an eligibility criterion for intervention 
in patients with type II endoleaks [42]. Conversely, 
Mascoli et al. performed intraoperative embolisation of 
the aneurysm sac in patients at increased risk of type 
II endoleaks, identifying the presence of six or more 
patent vessels originating from the aneurysmal sac or 
a clot volume of less than 40% of the total volume of the 
aneurysm sac as risk factors for endoleaks [43]. These 
findings indicate the lack of standardised criteria to 
qualify patients with type II endoleaks for intervention.

Various methods of vascular embolisation have been 
described for type II endoleaks. The classic approach 
involves transarterial embolisation of the IMA (via the 
colic artery) or the lumbar artery, where embolisation 
may target only the problematic vessel, the aneurysmal 
sac, or both the aneurysm sac and the vessel. The tech-
nique entails inserting a catheter into the aorta, typically 
through the femoral or brachial artery [44, 45]. In some 
cases, if access through the femoral or brachial artery is 
impossible or inadequate, the catheter can be inserted 
by directly pricking a branch of the internal iliac artery 
(superior gluteal artery) in a translumbar approach [46]. 
If the catheter is inserted into the main vessel (superior 
mesenteric or internal iliac artery), the vessel respon-
sible for the leak — the IMA or the lumbar artery — is 
selectively catheterised using a microcatheter. If the 
appropriate site is reached, angiography is performed 
to precisely localise the endoleak and an embolisation 
agent is injected into the vessel to block the leak. After 
completing embolisation, the efficacy of the procedure 
is confirmed angiographically.

Another method is the translumbar access (trans-
lumbar technique), involving direct puncture from the 
lumbar access of the aneurysm sac at the level of the 
leak under CT guidance. Puncture is executed with 
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a biopsy needle (e.g., Chiba needle) approximately 
4–5  finger widths from the posterior midline. The 
aneurysm sac is punctured, and an embolisation agent 
(e.g., polymeric) is administered after inserting a mic-
rocatheter into the leak site [46].

A study conducted by Haulon et al. [39] demon-
strated that percutaneous embolisation is an effective 
and safe method for treating type II endoleaks. Another 
study by Lagios et al. focused on the use of translum-
bar infusion of N-butyl-2-cyanoacrylate (NBCA) to 
address type II endoleaks [47]. Successful translumbar 
embolisation was achieved in all 25 patients. On duplex 
ultrasound performed the day after the procedure, the 
leak resolved in 22 patients (88%), while the remaining 
three patients required repeated embolisation. The 
study affirms the safety and efficacy of NBCA injection 
in treating type II endoleaks.

A meta-analysis conducted by Guo and his team 
[38] aimed to compare the efficacy of percutaneous 
embolisation with transarterial embolisation after 
EVAR. Although the differences in the efficacy of these 
methods were not statistically significant, the technical 
success rate was notably higher in the group of patients 
undergoing percutaneous embolisation. The study sug-
gests that percutaneous embolisation is more effective 
in eliminating endoleaks in follow-up examinations, 
potentially due to technical difficulties in precise cat-
heterisation of the target vessel, strongly influenced by 
favourable arterial anatomy.

Overall, percutaneous embolisation stands out as 
one of the primary methods for treating type II endo-
leaks after endovascular treatment of abdominal aortic 
aneurysms. In recent years, various methods for treating 
them have been developed and extensively studied. 
While the available treatments show promising results, 
further research is necessary to confirm their efficacy 
in the long term.

Strategies to reduce the risk of type II 
endoleaks and mitigate their effects

Early detection and intervention
Type II endoleaks, the most common complication 

post-EVAR, necessitate the development of effective 
strategies for primary prevention to minimise early and 
late complications, enhancing overall patient outcomes.

One approach to reducing the risk of type II en-
doleaks involves injecting fibrin glue, with or without 
a micro coil, into the aneurysm sac during the EVAR 
procedure [48, 49]. Another approach is primary 
pre- or intraoperative embolisation of the IMA and 
lumbar arteries [43, 50]. Manunga et al. demonstrated 
that IMA embolisation before EVAR protects against 

type II endoleaks and reduces the need for secondary 
interventions [51]. This procedure, with high technical 
success and minimal complications, is effective in pre-
venting complications. Natrella et al. introduced the 
embo-EVAR technique [44], involving intraoperative 
embolisation of the aneurysm sac using coils and/or 
fibrin glue or polymer (Shape-Memory Polymer). This 
procedure, performed through a catheter left in the 
sac after graft implantation, incurs an average additional 
cost of approximately €1,500.

The embo-EVAR technique proves effective in 
preventing both type I and type II endoleaks and as-
sociated complications. Burbelko et al. [45] evaluated 
the effectiveness of embolising the IMA and lumbar 
arteries before EVAR to prevent type II endoleaks, 
with vessel diameter > 2.5 mm as an indication for 
embolisation. No type II endoleaks were observed in 
the group of 37 patients embolised, while nine out of 
38 non-embolised patients exhibited type II endoleaks. 
This indicates that embolisation before EVAR was highly 
effective in preventing type II endoleaks. Routine vascu-
lar embolisation before EVAR remains controversial, as 
indicated by Väärämäki et al. [52], who found no benefit 
in routine IMA embolisation. Mascoli et al. propose 
that selective embolisation of the aneurysm sac during 
EVAR is safe and effectively reduces the risk of type II 
endoleaks [53], though further long-term studies are 
essential to validate these findings. Sidloff et al. highlig-
hted that patients with isolated type II endoleaks have 
equivalent aneurysm-related mortality rates [54]. Using 
new diagnostic methods based on artificial intelligence 
(AI) may reduce the risk of type II endoleaks [55]. Ho-
wever, current research in this area remains insufficient.

Taken together, diverse techniques and methodo-
logical approaches aim to reduce the risk of type II 
endoleaks post-EVAR. The choice of the appropriate 
method depends on individual patient characteristics, 
aneurysm morphology, technology availability, and 
operator experience. Early detection and intervention 
for type II endoleaks are crucial for ensuring optimal 
outcomes for patients.

Conclusions

Despite extensive study, therapeutic challenges 
related to type II endoleaks persist. Controversies 
surround the value of intervention, optimal timing, ef-
fective diagnostic methods, and treatment approaches. 
Understanding the complexities of type II endoleaks 
after EVAR is vital for vascular surgery specialists, ne-
cessitating further research to better predict risks and 
develop optimal management strategies [7, 8, 18–21].



146

Acta Angiol, 2023, Vol. 29, No. 4

www.journals.viamedica.pl/acta_angiologica

References
1.	 Veith FJ, Baum RA, Ohki T, et al. Nature and significance of en-

doleaks and endotension: summary of opinions expressed at an 
international conference. J Vasc Surg. 2002; 35(5): 1029–1035, 
doi: 10.1067/mva.2002.123095, indexed in Pubmed: 12021724.

2.	 Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal 
graft implantation for abdominal aortic aneurysms. Ann Vasc 
Surg. 1991; 5(6): 491–499, doi: 10.1007/BF02015271, indexed 
in Pubmed: 1837729.

3.	 Prinssen M, Verhoeven E, Buth J, et al. A randomized trial 
comparing conventional and endovascular repair of abdominal 
aortic aneurysms. N Engl J Med. 2004; 351(16): 1607–1618, 
doi: 10.1056/nejmoa042002, indexed in Pubmed: 15483279.

4.	 Schermerhorn M, O’Malley A, Jhaveri A, et al. Endovascular vs. 
Open repair of abdominal aortic aneurysms in the medicare 
population. N Engl J Med. 2008; 358(5): 464–474, doi: 10.1056/
nejmoa0707348, indexed in Pubmed: 18234751.

5.	 Chadi SA, Rowe BW, Vogt KN, et al. Trends in management of 
abdominal aortic aneurysms. J Vasc Surg. 2012; 55(4): 924–928, 
doi: 10.1016/j.jvs.2011.10.094, indexed in Pubmed: 22226189.

6.	 Gelfand DV, White GH, Wilson SE. Clinical significance of type 
II endoleak after endovascular repair of abdominal aortic aneu-
rysm. Ann Vasc Surg. 2006; 20(1): 69–74, doi: 10.1007/s10016-
005-9382-z, indexed in Pubmed: 16378143.

7.	 Ultee K, Büttner S, Huurman R, et al. Editor’s choice – syste-
matic review and meta-analysis of the outcome of treatment 
for type II endoleak following endovascular aneurysm repair. 
Eur J Vasc Endovasc Surg. 2018; 56(6): 794–807, doi: 10.1016/j.
ejvs.2018.06.009, indexed in Pubmed: 30104089.

8.	 Greenhalgh RM, Brown LC, Powell JT, et al. United King-
dom EVAR Trial Investigators. Endovascular versus open 
repair of abdominal aortic aneurysm. N Engl J Med. 2010; 
362(20): 1863–1871, doi: 10.1056/NEJMoa0909305, indexed 
in Pubmed: 20382983.

9.	 Mehta M, Sternbach Y, Taggert JB, et al. Long-term outco-
mes of secondary procedures after endovascular aneurysm 
repair. J Vasc Surg. 2010; 52(6): 1442–1449, doi:  10.1016/j.
jvs.2010.06.110, indexed in Pubmed: 20724099.

10.	 Ajalat M, Williams R, Wilson SE. The natural history of 
type 2  endoleaks after endovascular aneurysm repair ju-
stifies conservative management. Vascular. 2018; 26(5): 
524–530, doi:  10.1177/1708538118766103, indexed in 
Pubmed: 29566590.

11.	 Kumar L, Cowled P, Boult M, et al. Type II Endoleak after En-
dovascular Aneurysm Repair: Natural History and Treatment 
Outcomes. Ann Vasc Surg. 2017; 44: 94–102, doi: 10.1016/j.
avsg.2017.04.029, indexed in Pubmed: 28483626.

12.	 Keedy AW, Yeh BM, Kohr JR, et al. Evaluation of potential 
outcome predictors in type II Endoleak: a retrospective study 
with CT angiography feature analysis. AJR Am J Roentgenol. 
2011; 197(1): 234–240, doi: 10.2214/AJR.10.4566, indexed in 
Pubmed: 21701035.

13.	 Bashir MR, Ferral H, Jacobs C, et al. Endoleaks after endova-
scular abdominal aortic aneurysm repair: management stra-
tegies according to CT findings. AJR Am J Roentgenol. 2009; 
192(4): W178–W186, doi:  10.2214/AJR.08.1593, indexed in 
Pubmed: 19304678.

14.	 Hobo R, Buth J. EUROSTAR collaborators. Secondary interven-
tions following endovascular abdominal aortic aneurysm repair 

using current endografts. A EUROSTAR report. J Vasc Surg. 
2006; 43(5): 896–902, doi: 10.1016/j.jvs.2006.01.010, indexed 
in Pubmed: 16678679.

15.	 Vallabhaneni R, Sorial EE, Jordan WD, et al. Iliac artery recanali-
zation of chronic occlusions to facilitate endovascular aneurysm 
repair. J Vasc Surg. 2012; 56(6): 1549–1554; discussion 1554, 
doi: 10.1016/j.jvs.2012.05.089, indexed in Pubmed: 22960023.

16.	 Wyss TR, Brown LC, Powell JT. Rate and predictability of graft 
rupture after endovascular and open abdominal aortic aneury-
sm repair: data from the EVAR trials. J Vasc Surg. 2011; 53(4): 
1158, doi: 10.1016/j.jvs.2011.02.037.

17.	 Schanzer A, Greenberg RK, Hevelone N, et al. Predictors 
of abdominal aortic aneurysm sac enlargement after endo-
vascular repair. Circulation. 2011; 123(24): 2848–2855, 
doi:  10.1161/CIRCULATIONAHA.110.014902, indexed in 
Pubmed: 21478500.

18.	 Lo RC, Buck DB, Herrmann J, et al. Vascular Study Group of 
New England. Risk factors and consequences of persistent type 
II endoleaks. J Vasc Surg. 2016; 63(4): 895–901, doi: 10.1016/j.
jvs.2015.10.088, indexed in Pubmed: 26796291.

19.	 Abularrage CJ, Crawford RS, Conrad MF, et al. Preoperati-
ve variables predict persistent type 2  endoleak after endo-
vascular aneurysm repair. J Vasc Surg. 2010; 52(1): 19–24, 
doi: 10.1016/j.jvs.2010.02.023, indexed in Pubmed: 20478685.

20.	 Guo Q, Du X, Zhao J, et al. Prevalence and risk factors of type 
II endoleaks after endovascular aneurysm repair: A meta-ana-
lysis. PLoS One. 2017; 12(2): e0170600, doi: 10.1371/journal.
pone.0170600, indexed in Pubmed: 28182753.

21.	 Lalys F, Durrmann V, Duménil A, et al. Systematic review and 
meta-analysis of preoperative risk factors of type II endole-
aks after endovascular aneurysm repair. Ann Vasc Surg. 2017; 
41: 284–293, doi:  10.1016/j.avsg.2016.08.021, indexed in 
Pubmed: 27903482.

22.	 Prinssen M, Buskens E, Blankensteijn JD, et al. DREAM trial 
participants. Quality of life endovascular and open AAA repair. 
Results of a randomised trial. Eur J Vasc Endovasc Surg. 2004; 
27(2): 121–127, doi:  10.1016/j.ejvs.2003.11.006, indexed in 
Pubmed: 14718892.

23.	 Steinmetz E, Rubin BG, Sanchez LA, et al. Type II endoleak 
after endovascular abdominal aortic aneurysm repair: a con-
servative approach with selective intervention is safe and cost-
-effective. J Vasc Surg. 2004; 39(2): 306–313, doi:  10.1016/j.
jvs.2003.10.026, indexed in Pubmed: 14743129.

24.	 Epstein D, Sculpher MJ, Powell JT, et al. Long-term cost-ef-
fectiveness analysis of endovascular versus open repair for 
abdominal aortic aneurysm based on four randomized clinical 
trials. Br J Surg. 2014; 101(6): 623–631, doi: 10.1002/bjs.9464, 
indexed in Pubmed: 24664537.

25.	 Prinssen M, Wixon CL, Buskens E, et al. Surveillance after endo-
vascular aneurysm repair: diagnostics, complications, and asso-
ciated costs. Ann Vasc Surg. 2004; 18(4): 421–427, doi: 10.1007/
s10016-004-0036-3, indexed in Pubmed: 15108054.

26.	 Karthikesalingam A, Al-Jundi W, Jackson D. Systematic Review 
and Meta-analysis of Duplex Ultrasonography, Contrast- en-
hanced Ultrasonography or Computed Tomography for Surve-
illance After Endovascular Aneurysm Repair. J Vasc Surg. 2013; 
57(6): 1720, doi: 10.1016/j.jvs.2013.04.017.

27.	 Abbas A, Hansrani V, Sedgwick N, et al. 3D contrast enhan-
ced ultrasound for detecting endoleak following endovascu-

http://dx.doi.org/10.1067/mva.2002.123095
https://www.ncbi.nlm.nih.gov/pubmed/12021724
http://dx.doi.org/10.1007/BF02015271
https://www.ncbi.nlm.nih.gov/pubmed/1837729
http://dx.doi.org/10.1056/nejmoa042002
https://www.ncbi.nlm.nih.gov/pubmed/15483279
http://dx.doi.org/10.1056/nejmoa0707348
http://dx.doi.org/10.1056/nejmoa0707348
https://www.ncbi.nlm.nih.gov/pubmed/18234751
http://dx.doi.org/10.1016/j.jvs.2011.10.094
https://www.ncbi.nlm.nih.gov/pubmed/22226189
http://dx.doi.org/10.1007/s10016-005-9382-z
http://dx.doi.org/10.1007/s10016-005-9382-z
https://www.ncbi.nlm.nih.gov/pubmed/16378143
http://dx.doi.org/10.1016/j.ejvs.2018.06.009
http://dx.doi.org/10.1016/j.ejvs.2018.06.009
https://www.ncbi.nlm.nih.gov/pubmed/30104089
http://dx.doi.org/10.1056/NEJMoa0909305
https://www.ncbi.nlm.nih.gov/pubmed/20382983
http://dx.doi.org/10.1016/j.jvs.2010.06.110
http://dx.doi.org/10.1016/j.jvs.2010.06.110
https://www.ncbi.nlm.nih.gov/pubmed/20724099
http://dx.doi.org/10.1177/1708538118766103
https://www.ncbi.nlm.nih.gov/pubmed/29566590
http://dx.doi.org/10.1016/j.avsg.2017.04.029
http://dx.doi.org/10.1016/j.avsg.2017.04.029
https://www.ncbi.nlm.nih.gov/pubmed/28483626
http://dx.doi.org/10.2214/AJR.10.4566
https://www.ncbi.nlm.nih.gov/pubmed/21701035
http://dx.doi.org/10.2214/AJR.08.1593
https://www.ncbi.nlm.nih.gov/pubmed/19304678
http://dx.doi.org/10.1016/j.jvs.2006.01.010
https://www.ncbi.nlm.nih.gov/pubmed/16678679
http://dx.doi.org/10.1016/j.jvs.2012.05.089
https://www.ncbi.nlm.nih.gov/pubmed/22960023
http://dx.doi.org/10.1016/j.jvs.2011.02.037
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.014902
https://www.ncbi.nlm.nih.gov/pubmed/21478500
http://dx.doi.org/10.1016/j.jvs.2015.10.088
http://dx.doi.org/10.1016/j.jvs.2015.10.088
https://www.ncbi.nlm.nih.gov/pubmed/26796291
http://dx.doi.org/10.1016/j.jvs.2010.02.023
https://www.ncbi.nlm.nih.gov/pubmed/20478685
http://dx.doi.org/10.1371/journal.pone.0170600
http://dx.doi.org/10.1371/journal.pone.0170600
https://www.ncbi.nlm.nih.gov/pubmed/28182753
http://dx.doi.org/10.1016/j.avsg.2016.08.021
https://www.ncbi.nlm.nih.gov/pubmed/27903482
http://dx.doi.org/10.1016/j.ejvs.2003.11.006
https://www.ncbi.nlm.nih.gov/pubmed/14718892
http://dx.doi.org/10.1016/j.jvs.2003.10.026
http://dx.doi.org/10.1016/j.jvs.2003.10.026
https://www.ncbi.nlm.nih.gov/pubmed/14743129
http://dx.doi.org/10.1002/bjs.9464
https://www.ncbi.nlm.nih.gov/pubmed/24664537
http://dx.doi.org/10.1007/s10016-004-0036-3
http://dx.doi.org/10.1007/s10016-004-0036-3
https://www.ncbi.nlm.nih.gov/pubmed/15108054
http://dx.doi.org/10.1016/j.jvs.2013.04.017


147www.journals.viamedica.pl/acta_angiologica

Krzysztof Pietrzak et al., Prevention and management of type II endoleaks after endovascular aneurysm repair

lar aneurysm repair (EVAR). Eur J Vasc Endovasc Surg. 2014; 
47(5): 487–492, doi:  10.1016/j.ejvs.2014.02.002, indexed in 
Pubmed: 24618331.

28.	 Stavropoulos SW, Itkin M, Lakhani P, et al. Detection of endole-
aks after endovascular aneurysm repair with use of technetium-
-99m sulfur colloid and 99m Tc-labeled red blood cell scans.  
J Vasc Interv Radiol. 2006; 17(11): 1739–1743, doi: 10.1097/01.
RVI.0000241892.81074.1A, indexed in Pubmed: 17142703.

29.	 Chaikof EL, Dalman RL, Eskandari MK, et al. The Society 
for Vascular Surgery practice guidelines on the care of pa-
tients with an abdominal aortic aneurysm. J Vasc Surg. 2018; 
67(1): 2–77.e2, doi:  10.1016/j.jvs.2017.10.044, indexed in 
Pubmed: 29268916.

30.	 Meijer CA, Kokje VBC, van Tongeren RBM, et al. An asso-
ciation between chronic obstructive pulmonary disease 
and abdominal aortic aneurysm beyond smoking: results 
from a case-control study. Eur J Vasc Endovasc Surg. 2012; 
44(2): 153–157, doi:  10.1016/j.ejvs.2012.05.016, indexed in 
Pubmed: 22705161.

31.	 Compton CN, Dillavou ED, Sheehan MK, et al. Is abdomi-
nal aortic aneurysm repair appropriate in oxygen-dependent 
chronic obstructive pulmonary disease patients? J Vasc Surg. 
2005; 42(4): 650–653, doi: 10.1016/j.jvs.2005.03.066, indexed 
in Pubmed: 16242549.

32.	 Rigotti NA, Clair C, Munafò MR, et al. Interventions for smoking 
cessation in hospitalised patients. Cochrane Database Syst Rev. 
2012; 5(5): CD001837, doi:  10.1002/14651858.CD001837.
pub3, indexed in Pubmed: 22592676.

33.	 Thomsen T, Villebro N, Møller AM, et al. Interventions for 
preoperative smoking cessation. Cochrane Database Syst Rev. 
2010; 2014(7): CD002294, doi: 10.1002/14651858.CD002294.
pub3, indexed in Pubmed: 20614429.

34.	 Lagios K, Karaolanis G, Bazinas T, et al. Translumbar infusion 
of N-butyl cyanoacrylate for the treatment of type II endole-
aks. J Vasc Interv Radiol. 2018; 29(6): 826–832, doi: 10.1016/j.
jvir.2018.01.788, indexed in Pubmed: 29705224.

35.	 Roddy S. Preoperative variables predict persistent type 2 en-
doleak after endovascular aneurysm repair. J Vasc Surg. 2010; 
52(1): 250, doi: 10.1016/j.jvs.2010.05.052.

36.	 Abularrage CJ, Crawford RS, Conrad MF, et al. Preoperati-
ve variables predict persistent type 2  endoleak after endo-
vascular aneurysm repair. J Vasc Surg. 2010; 52(1): 19–24, 
doi: 10.1016/j.jvs.2010.02.023, indexed in Pubmed: 20478685.

37.	 Yokoyama Y, Kuno T, Takagi H. Meta-analysis of phase-speci-
fic survival after elective endovascular versus surgical repair 
of abdominal aortic aneurysm from randomized controlled 
trials and propensity score-matched studies. J Vasc Surg. 2020; 
72(4): 1464–1472.e6, doi: 10.1016/j.jvs.2020.03.041, indexed 
in Pubmed: 32330598.

38.	 Guo Q, Zhao J, Ma Y, et al. A meta-analysis of translumbar 
embolization versus transarterial embolization for type II en-
doleak after endovascular repair of abdominal aortic aneury-
sm. J Vasc Surg. 2020; 71(3): 1029–1034.e1, doi:  10.1016/j.
jvs.2019.05.074, indexed in Pubmed: 31677943.

39.	 Haulon S, Tyazi A, Willoteaux S, et al. Embolization of type 
II endoleaks after aortic stent-graft implantation: technique 
and immediate results. J Vasc Surg. 2001; 34(4): 600–605, 
doi: 10.1067/mva.2001.117888, indexed in Pubmed: 11668311.

40.	 Axelrod DJ, Lookstein RA, Guller J, et al. Inferior mesente-
ric artery embolization before endovascular aneurysm repair: 
technique and initial results. J Vasc Interv Radiol. 2004; 15(11): 
1263–1267, doi: 10.1097/01.RVI.0000141342.42484.90, inde-
xed in Pubmed: 15525746.

41.	 Endovascular versus Open Repair of Abdominal Aortic Aneu-
rysm. N Engl J Med. 2010; 362(20): 1863–1871, doi: 10.1056/
nejmoa0909305, indexed in Pubmed: 20382983.

42.	 Sheehan MK, Ouriel K, Greenberg R, et al. Are type II en-
doleaks after endovascular aneurysm repair endograft de-
pendent? J Vasc Surg. 2006; 43(4): 657–661, doi:  10.1016/j.
jvs.2005.12.044, indexed in Pubmed: 16616216.

43.	 Wolf YG, Hill BB, Rubin GD, et al. Rate of change in abdominal 
aortic aneurysm diameter after endovascular repair. J Vasc Surg. 
2000; 32(1): 108–115, doi: 10.1067/mva.2000.107754, indexed 
in Pubmed: 10876211.

44.	 Ripal T. Gandhi, MD, FSVM; Yolanda Bryce, MD; Suvranu Gan-
guli, MD; Justin McWilliams, MD; and Geogy Vatakencherry, 
MD Management of Type II Endoleaks. Available options for 
treating the most common type of endoleak after EVAR. Endo-
vascular Today. 2016; 15(4): 42–48.

45.	 Mascoli C, Faggioli G, Gallitto E, et al. Tailored Sac Embolization 
During EVAR for Preventing Persistent Type II Endoleak. Ann 
Vasc Surg. 2021; 76: 293–301, doi: 10.1016/j.avsg.2021.01.118, 
indexed in Pubmed: 33823259.

46.	 Lagios K, Karaolanis G, Bazinas T, et al. Translumbar Infusion 
of N-Butyl Cyanoacrylate for the Treatment of Type II Endole-
aks. J Vasc Interv Radiol. 2018; 29(6): 826–832, doi: 10.1016/j.
jvir.2018.01.788, indexed in Pubmed: 29705224.

47.	 Guo Q, Zhao J, Ma Y, et al. A meta-analysis of translumbar 
embolization versus transarterial embolization for type II en-
doleak after endovascular repair of abdominal aortic aneury-
sm. J Vasc Surg. 2020; 71(3): 1029–1034.e1, doi:  10.1016/j.
jvs.2019.05.074, indexed in Pubmed: 31677943.

48.	 Ronsivalle S, Faresin F, Franz F, et al. Aneurysm sac „thrombiza-
tion” and stabilization in EVAR: a technique to reduce the risk 
of type II endoleak. J Endovasc Ther. 2010; 17(4): 517–524, 
doi: 10.1583/09-3004.1, indexed in Pubmed: 20681769.

49.	 Manunga JM, Cragg A, Garberich R, et al. Preoperative infe-
rior mesenteric artery embolization: a valid method to redu-
ce the rate of type II endoleak after EVAR? Ann Vasc Surg. 
2017; 39: 40–47, doi: 10.1016/j.avsg.2016.05.106, indexed in 
Pubmed: 27531083.

50.	 Natrella M, Rapellino A, Navarretta F, et al. Embo-EVAR: 
a technique to prevent type II endoleak? A single-center expe-
rience. Ann Vasc Surg. 2017; 44: 119–127, doi:  10.1016/j.
avsg.2017.01.028, indexed in Pubmed: 28479464.

51.	 Burbelko M, Kalinowski M, Heverhagen JT, et al. Prevention 
of type II endoleak using the AMPLATZER vascular plug be-
fore endovascular aneurysm repair. Eur J Vasc Endovasc Surg. 
2014; 47(1): 28–36, doi: 10.1016/j.ejvs.2013.10.003, indexed 
in Pubmed: 24183247.

52.	 Väärämäki S, Viitala H, Laukontaus S, et al. Routine Inferior 
Mesenteric Artery Embolisation is Unnecessary Before En-
dovascular Aneurysm Repair. Eur J Vasc Endovasc Surg. 2023; 
65(2): 264–270, doi:  10.1016/j.ejvs.2022.11.009, indexed in 
Pubmed: 36334900.

53.	 Mascoli C, Freyrie A, Gargiulo M, et al. Selective intra-
-procedural AAA sac embolization during EVAR reduces the 

http://dx.doi.org/10.1016/j.ejvs.2014.02.002
https://www.ncbi.nlm.nih.gov/pubmed/24618331
http://dx.doi.org/10.1097/01.RVI.0000241892.81074.1A
http://dx.doi.org/10.1097/01.RVI.0000241892.81074.1A
https://www.ncbi.nlm.nih.gov/pubmed/17142703
http://dx.doi.org/10.1016/j.jvs.2017.10.044
https://www.ncbi.nlm.nih.gov/pubmed/29268916
http://dx.doi.org/10.1016/j.ejvs.2012.05.016
https://www.ncbi.nlm.nih.gov/pubmed/22705161
http://dx.doi.org/10.1016/j.jvs.2005.03.066
https://www.ncbi.nlm.nih.gov/pubmed/16242549
http://dx.doi.org/10.1002/14651858.CD001837.pub3
http://dx.doi.org/10.1002/14651858.CD001837.pub3
https://www.ncbi.nlm.nih.gov/pubmed/22592676
http://dx.doi.org/10.1002/14651858.CD002294.pub3
http://dx.doi.org/10.1002/14651858.CD002294.pub3
https://www.ncbi.nlm.nih.gov/pubmed/20614429
http://dx.doi.org/10.1016/j.jvir.2018.01.788
http://dx.doi.org/10.1016/j.jvir.2018.01.788
https://www.ncbi.nlm.nih.gov/pubmed/29705224
http://dx.doi.org/10.1016/j.jvs.2010.05.052
http://dx.doi.org/10.1016/j.jvs.2010.02.023
https://www.ncbi.nlm.nih.gov/pubmed/20478685
http://dx.doi.org/10.1016/j.jvs.2020.03.041
https://www.ncbi.nlm.nih.gov/pubmed/32330598
http://dx.doi.org/10.1016/j.jvs.2019.05.074
http://dx.doi.org/10.1016/j.jvs.2019.05.074
https://www.ncbi.nlm.nih.gov/pubmed/31677943
http://dx.doi.org/10.1067/mva.2001.117888
https://www.ncbi.nlm.nih.gov/pubmed/11668311
http://dx.doi.org/10.1097/01.RVI.0000141342.42484.90
https://www.ncbi.nlm.nih.gov/pubmed/15525746
http://dx.doi.org/10.1056/nejmoa0909305
http://dx.doi.org/10.1056/nejmoa0909305
https://www.ncbi.nlm.nih.gov/pubmed/20382983
http://dx.doi.org/10.1016/j.jvs.2005.12.044
http://dx.doi.org/10.1016/j.jvs.2005.12.044
https://www.ncbi.nlm.nih.gov/pubmed/16616216
http://dx.doi.org/10.1067/mva.2000.107754
https://www.ncbi.nlm.nih.gov/pubmed/10876211
http://dx.doi.org/10.1016/j.avsg.2021.01.118
https://www.ncbi.nlm.nih.gov/pubmed/33823259
http://dx.doi.org/10.1016/j.jvir.2018.01.788
http://dx.doi.org/10.1016/j.jvir.2018.01.788
https://www.ncbi.nlm.nih.gov/pubmed/29705224
http://dx.doi.org/10.1016/j.jvs.2019.05.074
http://dx.doi.org/10.1016/j.jvs.2019.05.074
https://www.ncbi.nlm.nih.gov/pubmed/31677943
http://dx.doi.org/10.1583/09-3004.1
https://www.ncbi.nlm.nih.gov/pubmed/20681769
http://dx.doi.org/10.1016/j.avsg.2016.05.106
https://www.ncbi.nlm.nih.gov/pubmed/27531083
http://dx.doi.org/10.1016/j.avsg.2017.01.028
http://dx.doi.org/10.1016/j.avsg.2017.01.028
https://www.ncbi.nlm.nih.gov/pubmed/28479464
http://dx.doi.org/10.1016/j.ejvs.2013.10.003
https://www.ncbi.nlm.nih.gov/pubmed/24183247
http://dx.doi.org/10.1016/j.ejvs.2022.11.009
https://www.ncbi.nlm.nih.gov/pubmed/36334900


148

Acta Angiol, 2023, Vol. 29, No. 4

www.journals.viamedica.pl/acta_angiologica

rate of type II endoleak. Eur J Vasc Endovasc Surg. 2016; 

51(5): 632–639, doi:  10.1016/j.ejvs.2015.12.009, indexed in 

Pubmed: 26860254.

54.	 Sidloff DA, Gokani V, Stather PW, et al. Type II endoleak: con-

servative management is a safe strategy. Eur J Vasc Endovasc 

Surg. 2014; 48(4): 391–399, doi:  10.1016/j.ejvs.2014.06.035, 
indexed in Pubmed: 25042332.

55.	 Lareyre F, Chaudhuri A, Behrendt CA, et al. Artificial intel-
ligence-based predictive models in vascular diseases. Semin 
Vasc Surg. 2023; 36(3): 440–447, doi:  10.1053/j.semva-
scsurg.2023.05.002, indexed in Pubmed: 37863618.

http://dx.doi.org/10.1016/j.ejvs.2015.12.009
https://www.ncbi.nlm.nih.gov/pubmed/26860254
http://dx.doi.org/10.1016/j.ejvs.2014.06.035
https://www.ncbi.nlm.nih.gov/pubmed/25042332
http://dx.doi.org/10.1053/j.semvascsurg.2023.05.002
http://dx.doi.org/10.1053/j.semvascsurg.2023.05.002
https://www.ncbi.nlm.nih.gov/pubmed/37863618

