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Objective Type II endoleak is the most common subtype of endoleak as a complication after endovascular

aneurysm repair (EVAR). The efficacy of transarterial (TA) embolization and translumber (TL) embolization in
the management of type Il endoleak remains equipoise. The aim of this study is to compare the technical and
clinical success between TA embolization and TL embolization for type II endoleak after EVAR.,

Methods The protocol was registered (CRD 42018114453) and the electronic databases (Pubmed, Embase,
Web of Science, and Cochrane) were systematically searched till March 2019. The search terms included EVAR,
type Il endoleak, and embolization. The articles were read and extracted by two authors independently to
include randomized control trails and retrospective studies that compared TA embolization and TL embolization
in patients who developed type I endoleak after EVAR. The technical and clinical success rates were meta-
analyzed with random effect model.

Results A total of 6 articles with 268 patients and 290 type Il endoleaks were included. The pooled odds ratio
(OR) of technical success rate for TA vs. TL was 0.56 (95% CI, 0.10-3.18; P=0.51) and the pooled OR of clinical
success rate for TA vs. TL was 0.31(95% CI, 0.07-1.29; P=0.11). As a limitation, 6 articles were all retrospective
studies which may lead to bias.

Conclusion BothTA and TL could be effective procedure of embolizations to resolve the type I endoleak. The meta-

analysis result indicated that TA embolization was not inferior toTL embolization in technical success and clinical success.
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BDOMINAL aortic aneurysm (AAA) is de-

fined as local aortic dilation and diameter

exceed 3cm. It has a prevalence of 7.2%

in men older than 50 years old. The asso-
ciated risk of aneurysm rupture for death can reach
up to 90%.™ The endovascular aortic aneurysm repair
(EVAR) is an effective treatment of AAA and has al-
most become the first recommended procedure due to
its mini invasive and low 30-day mortality. However,
EVAR has lots of delayed complications and an inferior
late survival compared with open repair.>* There are
a variety of complications after EVAR, such as femo-
ral pseudoaneurysm, endograft migration, endograft
occlusion, and endoleak. Endoleak is defined as aneu-
rysm sac that is not completely excluded from the sys-
temic circulation, and it increases the re-intervention
rate and rupture risk after EVARs.'! The type II en-
doleak is the most common subtype. Although half of
them will resolve spontaneously, about 10%-15% type
I endoleak will persist longer than 6 months.”® The
persisting type II endoleak is associated with aneu-
rysm sac expansion,!”? which may contribute to the de-
layed adverse outcomes and re-interventions. So when
the type II endoleak meets the criteria, i.e., expansion
of aneurysm sac longer than 10mm (or>5 mm), or
type II endoleak persisting longer than 6 months, the
treatment is suggested.’®*

There are several treatments for type II endoleak,
such as transarterial (TA) embolization, translumber
(TL) embolization, and laparoscopic ligation of the
feeding artery. TA embolization and TL embolization
are widely used in multiple vascular surgery centers.
Many reviews analyzed the treatment effectiveness of
type II endoleak, where most original articles studied
TA embolization or TA embolization alternatively.!*!"
In the present review, we aimed at investigating the
technical success and clinical success of TA emboliza-
tion versus TL embolization for type II endoleak after
EVAR.

MATERIALS AND METHODS

Search strategy

The present review was performed according to
the PRISMA statement in order to standardize the
method.*? The registration number of this review is
CRD42018114453. The electronic searches were con-
ducted using databases of Pubmed, Embase, Web of
Science, and the Cochrane library. The searching terms

are provided in the supplementary material online
(Appendix). The participants included patients who
were diagnosed with type II endoleak, and the induced
aneurysm sac expansion > 5 mm or persisting longer
than 6 months after EVAR. The interventions include
TA embolization and TL embolization. The outcomes
were the technical success and clinical success. Techni-
cal success was defined as no flow back into aneurysm
sac after embolization procedures; clinical success was
defined as aneurysm sac shrank or kept stable with
no type II endoleak relapse during follow-up. The last
search was conducted on the March 27, 2019.

Literature selection

We selected studies of randomized control trails (RCT)
and observational studies which investigate treatment
effectiveness on the outcomes of type II endoleak be-
tween TA embolization and TL embolization. Exclusion
criteria were no full-text, less than 10 cases, non-En-
glish language, case report, and duplicated publication.
Two reviewers (ZX and JL) screened the titles and
abstracts of the articles independently. Disagree-
ments were resolved after discussion with the third
reviewer (WW).

Data extraction and management

The descriptive, methodological and outcome data
were extracted by three reviewers (ZX, JL and WW)
independently from each study with a standardized
data extraction table recording: author name, country,
study design, publication year, criteria for treatment,
intervention methods, technical and clinical success
rates, and follow-up time.

Quality assessment of included studies

Two authors (ZX and JL) independently used the New-
castle-Ottawa scale (NOS) form to assess the quality
of non-randomized control studies. We only included
studies with NOS scored 5 and above.

Statistical analysis

Dichotomous variables were analyzed by estimating
the odds ratio (OR) with 95% confidence interval (CI),
and the I? statistic was used to assess the heterogene-
ity between studies. If I > 50%, it was considered high
statistical heterogeneity and the random effect model
was applied; otherwise, the fixed effect model was
used. Funnel plots were created if more than 10 stud-
ies were included and publication bias was suspected.
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P<0.05 was regarded as statistical significance. The
statistical analysis was performed with the RevMan
(Version 5.3, Cochrane).

RESULT

Literature searching results

The initial search identified 88 articles. After screen-
ing titles and abstracts, 17 articles were included; by
reading full text, 6 articles met the selecting criteria
(Figure 1). All of 6 articles were retrospective studies,
including 268 patients and 290 type Il endoleaks. The
characteristics of included studies were summarized in
Table 1.

Study quality assessment

The quality assessment (NOS score) of the included
studies was summarized in Table 2. Due to the het-
erogeneity of the included studies, we used the ran-
dom effect model to compare the treatment effects
between TA embolization and TL embolization.

Effects of the interventions

Of the 6 included articles, the technical success rates
of TA embolization ranged from 40% to 95.7%, and
the technical success rate of TL embolization almost
reached 100% except in two studies(seen in Table 1).
The pooled odds ratio of 6 studies for technical suc-
cess of TA versus TL was 0.56 (95% CI, 0.10-3.18;
P=0.51; I’=62%, low quality). Among 5 studies of
clinical success (one study had no record on clinical
success), the clinical success rate of TA and TL embo-

Records identified through database searching (n=88)
PubMed: n=82
Embase: n=4
Web of Science: n=2
Cochrane library: n=0

4>| Articles of duplicate (n=0)|
v

Articles screened by abstract
(n=88)

Articles irrelevant or only one
embolization method (n=71)

A
Articles assessed by full-text
(n=17)

Articles ineligible (n=11)
no available data: n=8;
low quality: n=3

Studies included in qualitative synthesis
(n=6)

Figure 1. Flow chart of literature selection
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lization ranged from 11.8% to 78.3% and from 27.3%
to 100%, respectively. The pooled OR for clinical suc-
cess was 0.31 ( 95% CI, 0.07-1.29; P=0.11; ’=70%,
low quality). A heterogeneity was observed among
these 6 studies.

The comparative meta-analysis demonstrated no
statistical difference in both technical and clinical suc-
cess between the two intervention procedures (Figure
2). Considering only 6 retrospective articles were in-
cluded, the funnel plots and sensitivity analysis were
not performed.

DISCUSSION

The number of EVARs has increased dramatical-
ly since its introduction.!** Despite the lower 30 days
mortality and minimal invasion, the delayed compli-
cations have become the Achilles tender of EVARs.!™
Endoleak accounts for a large proportion of the com-
plications that leads to the result that aneurysm sac
not being excluded from blood circulation. Type I and
type I endoleak were regarded as life-threatening due
to their acute and severe outcomes, while type II en-
doleak was benign, and was the most common one as
its prevalence can reach 17%-45.6%.!*""

Whether type II endoleak is associated with an
increased risk of AAA rupture and mortality is still in
controversy. A multicentric study about EVAR showed
that type II endoleak did not increase the mortality
and the aneurysm-related mortality, but was associat-
ed with sac expansion."® The systematic review by Si-
dloff DA et al. suggested that aortic aneurysm rupture
after EVAR secondary to an isolated type II endoleak
happened in less than 1%."” However, Jones JE et al.
did a retrospective analysis in 164 patients with type
IT endoleak, and found that patients with persistent
endoleak (>6 months) were at increased risk for an-
eurysm sac growth compared with patients without
persistent endoleak. Additionally, patients with per-
sistent endoleak also had a significantly increased rate
of re-intervention and AAA ruptures, which occurred
in 4 patients with type II endoleak, demonstrating
that persisting type II endoleak may contribute to the
high AAA rupture rates and other adverse outcomes.
Van Marrewijk CJ et al. found that although type I
endoleak may not increase aneurysm rupture risk ac-
cording to statistic results, it does not mean that type
II endoleak was harmless. Adverse outcomes such as
aneurysm growth, transfemoral re-intervention, and
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Total events 124 118
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B TA TL Odds Ratio Odds Ratio
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Baum 2002

4 20 12 13
Haq 2017 2 17 3 11 19.6%
Marcelin 2017 0 0 0 0
Massis 2012 21 29 18 24 253%
Nevala 2010 2 9 3 3 11.9%
Stavropoulos 2009 18 23 45 62 26.0%
Total (95% Cl) 98 113 100.0%
Total events 47 81

Heterogeneity: Tau? = 1.74; Chi? = 13.28, df =4 (P = 0.010); I = 70%

Test for overall effect: Z = 1.61 (P = 0.11)

0.02[0.00, 0.21] - =
0.36 [0.05, 2.59] —
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0.05[0.00,1.28) — = T
1.36 [0.44, 4.24] ]
~aii

0.31[0.07, 1.29]
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Favours TA Favours TL

Figure 2. Forest plot showing the pooled odds ratios of the studies comparing technical success and clinical success be-
tween two interventions of TA and TL in treatment of type II endoleak.
A. Comparison of the technical success rates; B. comparison of the clinical success rates. TA, transarterial (embolization);

TL, translumber (embolization).

transabdominal secondary procedures (e.g. laparo-
scopic branch vessel clipping) occurred in 55% pa-
tients with type II endoleak in 3 years, comparing to
in 15% patients without any endoleaks (P<0.0001).!**’
Some situations where type II endoleak could not be
detected™?!! may also contribute to the unclear cor-
rection between type II endoleak and AAA rupture
risk. Additionally, some occult type I endoleaks and
type II endoleaks existing behind the phenomenon
type II endoleaks contributed to growth of aneurysm
sac.’”?! Type II endoleaks may have potential associa-
tions with AAA ruptures after EVAR.

Half of the type II endoleaks resolved sponta-
neously, so conservative treatment was recommended
as the first choice.””™ The Society for Vascular Surgery
Practice Guidelines recommend treatment to type II
endoleak be implemented when the sac expands to
diameter > 5 mm."™ Meanwhile, the Clinical Practice
Guideline of European Society of Vascular Surgery
recommends intervention for patients with type II
endoleak when the sac diameter exceeding 10 mm
during follow-up.?¥ Many clinical practitioner tend to
regard 5 mm growth of a sac or persisting 6 month as
the criteria for performing treatment.?>?®

Up to now, there is a variety of methods that
can be used to eliminate type II endoleak, such as TA
embolization, TL embolization, and laparoscopic liga-

tion of feeding vessels. In general, embolization is the
most prevailing measure to occlude type II endoleak
in vascular surgery departments. In TA embolization,
percutaneous transfemoral or transbrachial is used for
access, and either superior mesenteric artery-middle
colic artery - inferior mesenteric artery or external iliac
artery-lumber artery is selected according to the origin
of type II endoleak. The materials that can be deliv-
ered include coils, Onyx® (ethylene vinyl alcohol copo-
lymer) and glue. TL embolization is an alternative way
to eliminate type II endoleak, especially when internal
iliac or inferior mesenteric arteries were occluded. The
endoleak is identified by the fluoroscopic marks in ad-
vance, the aneurysm sac is then punctured and the
sheathed needles are positioned into the endoleak. Af-
ter embolization of the endoleak sac, endoleak angiog-
raphy should be performed to verify that the procedure
is successful.?!

Some meta-analysis or systematic reviews com-
pared the technical or clinical success rates between TA
embolization and TL embolization for type II endoleak.
Ultee KHJ et al. pointed out that technical successes of
TA embolization was 84.0% (95% CI: 77.2%-89.8%:;
I?=56.2%), while for TL embolization, this was 98.7%
(95% CI: 95.6%-100%; I°=0.0%).""! In another
systematic review published recently, TL embolization
had a higher clinical success rate than TA embolization
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(81% vs. 62.5%; P=0.024), but the articles included
in these reviews investigated only one intervention
retrospectively and the review analyzed the two inter-
ventions separately.! In present review, all included 6
studies investigated the technical and clinical success
of both TA and TL embolization, and all stated explicitly
the criteria of clinical success which was not heteroge-
neous. TL embolization may have an advantage over
TA in technical and clinical success according to the
results of original articles, but our analysis indicate
that there are no statistical differences between these
two procedures. In future, more studies comparing the
outcomes of TA embolization with TL embolization after
EVARs are needed to reduce the underlying bias.

The present review has several limitations. All
studies included are retrospective studies and there
has no RCTs. The low quality of evidences may bring
bias to this study. In addition, beside the embolization
methods, the materials used in embolization proce-
dures also affect the clinical success rates, but the
subgroup division could not be conducted for the small
quantity of studies included. In conclusion, both TA
and TL embolization could be effective to resolve type
IT endoleak when the induced aneurysm sac expansion
>5mm in 6 months or persists longer than 6 months.
Although in most studies, TL showed minor advantage
over TA, result of this meta-analysis indicated that TA
was not inferior to TL in technical success and clinical
success.

Conflict of interests
None.

Supplementary material
Appendix is available online at http://cmsj.cams.cn/
EN/10.24920/003618.

REFERENCES

1. LeFevre ML, Siu AL, Peters J]J, et al. Screening for
abdominal aortic aneurysm: U.S. Preventive Services
Task Force recommendation statement. Ann Intern
Med 2014; 161(4):281-90. doi: 10.7326/m14-1204.

2. Patel R, Sweeting MJ, Powell JT, et al. Endovascular
versus open repair of abdominal aortic aneurysm in
15-years’ follow-up of the UK endovascular aneu-
rysm repair trial 1 (EVAR trial 1): a randomised con-
trolled trial. Lancet 2016; 388(10058):2366-74. doi:
10.1016/s0140-6736(16)31135-7.

3. Schermerhorn ML, Buck DB, O’'Malley AJ, et al.

10.

12.

13.

14.

2020

June

Long-term outcomes of abdominal aortic aneurysm
in the medicare population. New Eng J Med 2015;
373(4):328-38. doi: 10.1056/NEIJM0a1405778.

Hobo R, Buth J; EUROSTAR collaborators. Secondary
interventions following endovascular abdominal aortic
aneurysm repair using current endografts. A EURO-
STAR report. J Vasc Surg 2006; 43(5):896-902. doi:
10.1016/j.jvs.2006.01.010.

Zandvoort HJ, Gongalves FB, Verhagen HJ, et al.
Results of endovascular repair of infrarenal aor-
tic aneurysms using the Endurant stent graft. J
Vasc Surg 2014; 59(5):1195-202. doi: 10.1016/
j.jvs.2013.12.031.

Kray J, Kirk S, Franko J, et al. Role of type II endoleak
in sac regression after endovascular repair of infrare-
nal abdominal aortic aneurysms. J Vasc Surg 2015;
61(4):869-74. doi: 10.1016/j.jvs.2014.11.003.
ZhouW, Blay E Jr, Varu V, et al. Outcome and clinical
significance of delayed endoleaks after endovascular
aneurysm repair. J Vasc Surg 2014; 59(4):915-20.
doi: 10.1016/j.jvs.2013.10.093.

Chaikof EL, Brewster DC, Dalman RL, et al. The So-
ciety for Vascular Surgery practice guidelines on
the care of patients with an abdominal aortic aneu-
rysm. J Vasc Surg 2018; 67(1):2-77. doi: 10.1016/
j.jvs.2017.10.044.

Jones JE, Atkins MD, Brewster DC, et al. Persistent
type 2 endoleak after endovascular repair of abdom-
inal aortic aneurysm is associated with adverse late
outcomes. J Vasc Surg 2007; 46(1):1-8. doi: 10.1016/
j.jvs.2007.02.073.

Sidloff DA, StatherPW, Choke E, et al. Type II en-
doleak after endovascular aneurysm repair. Br J Surg
2013; 100(10):1262-70. doi: 10.1002/bjs.9181.

. Ultee KHJ, Blttner S, Huurman R, et al. Editor’s

Choice: 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(6):794-807. doi: 10.1016/j.ejvs.2018.
06.009.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA
statement for reporting systematic reviews and me-
ta-analyses of studies that evaluate healthcare in-
terventions: explanation and elaboration. BMJ 2009;
339:b2700. doi: 10.1136/bmj.b2700.

Parodi JC, Palmaz JC, Barone HD. Transfemoral in-
traluminal graft implantation for abdominal aortic
aneurysms. Ann Vasc Surg 1991; 5(6):491-9. doi:
10.1007/bf02015271.

Zaiem F, Almasri J, Tello M, et al. A systematic re-



Vol. 35, No. 2

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

view of surveillance after endovascular aortic repair.
J Vasc Surg 2018; 67(1):320-31. doi: 10.1016/j.
jvs.2017.04.058.

Gelfand DV, White GH, Wilson SE. Clinical signifi-
cance of type II endoleak after endovascular repair
of abdominal aortic aneurysm. Ann Vasc Surg 2006;
20(1):69-74. doi: 10.1007/s10016-005-9382-z.
Choke E, Thompson M. Endoleak after endovascular
aneurysm repair: current concepts. J Cardiovasc Surg
2004; 45(4):349-66.

Manunga JM, Cragg A, Garberich R, et al. Preopera-
tive inferior mesenteric artery embolization: A valid
method to reduce the rate of type II endoleak after
EVAR? Ann Vasc Surg 2017; 39:40-7. doi: 10.1016/
j.avsg.2016.05.106.

Walker J, Tucker LY, Goodney P, et al. Type II endoleak
with or without intervention after endovascular aortic
aneurysm repair does not change aneurysm-relat-
ed outcomes despite sac growth. J Vasc Surg 2015;
62(3):551-61. doi: 10.1016/j.jvs.2015.04.389.

van Marrewijk CJ, Fransen G, Laheij R], et al. Is a
type II endoleak after EVAR a harbinger of risk? Caus-
es and outcome of open conversion and aneurysm
rupture during follow-up. Eur J Vasc Endovasc Surg
2004; 27(2):128-37. doi: 10.1016/j.ejvs.2003.10.
016.

van der Laan MJ, Bartels LW, Viergever MA, et al. Com-
puted tomography versus magnetic resonance imag-
ing of endoleaks after EVAR. Eur J Vasc Endovasc Surg
2006; 32(4):361-65. doi: 10.1016/j.ejvs.2006.02.
011.

Habets J, Zandvoort HJ, Reitsma JB, et al. Magnetic
resonance imaging is more sensitive than computed
tomography angiography for the detection of en-
doleaks after endovascular abdominal aortic aneurysm
repair: a systematic review. Eur J Vasc Endovasc Surg
2013; 45(4):340-50. doi: 10.1016/j.ejvs.2012.12.
014.

Aziz A, Menias CO, Sanchez LA, et al. Outcomes of
percutaneous endovascular intervention for type II
endoleak with aneurysm expansion. J Vasc Surg 2012;
55(5):1263-67. doi: 10.1016/j.jvs.2011.10.131.
Patatas K, Ling L, Dunning J, et al. Static sac size
with a type II endoleak post-endovascular abdominal
aortic aneurysm repair: surveillance or embolization?
Interact Cardiovasc Thorac Surg 2012; 15(3):462-6.
doi: 10.1093/icvts/ivs201.

Moll FL, Powell JT, Fraedrich G, et al. Management of
abdominal aortic aneurysms clinical practice guide-
lines of the European society for vascular surgery.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

CHINESE MEDICAL SCIENCES JOURNAL 141

Eur J Vasc Endovasc Surg 2011; 41(S1):S1-58. doi:
10.1016/j.ejvs.2010.09.011.

Karthikesalingam A, Thrumurthy SG, Jackson D, et al.
Current evidence is insufficient to define an optimal
threshold for intervention in isolated type I endoleak
after endovascular aneurysm repair. J Endovasc Ther
2012; 19(2):200-8. doi: 10.1583/11-3762R.1.

Arko FR, Filis KA, Siedel SA, et al. Intrasac flow ve-
locities predict sealing of type II endoleaks after en-
dovascular abdominal aortic aneurysm repair. J Vasc
Surg 2003; 37(1):8-15. doi: 10.1067/mva.2003.55.
Rial R, Serrano Fj Fj, Vega M, et al. Treatment of type
IT endoleaks after endovascular repair of abdominal
aortic aneurysms: translumbar puncture and injection
of thrombin into the aneurysm sac. Eur J Vasc Endo-
vasc Surg 2004; 27(3):333-5. doi: 10.1016/j.ejvs.
2003.11.005.

Steinmetz E, Rubin BG, Sanchez LA, et al. Type II en-
doleak after endovascular abdominal aortic aneurysm
repair: a conservative approach with selective inter-
vention is safe and cost-effective. J Vasc Surg 2004;
39(2):306-13. doi: 10.1016/j.jvs.2003.10.026.
Stavropoulos SW, Park ], Fairman R, et al. Type 2
endoleak embolization comparison: translumbar em-
bolization versus modified transarterial embolization.
J Vasc Interv Radiol 2009; 20(10):1299-302. doi:
10.1016/j.jvir.2009.07.003.

Marcelin C, Le Bras Y, Petitpierre F, et al. Safety and
efficacy of embolization using Onyx((R)) of persistent
type II endoleaks after abdominal endovascular aneu-
rysm repair. Diagn Interv Imaging 2017; 98(6):491-
97. doi: 10.1016/j.diii.2017.01.003.

Haqg IU, Kelay A, Davis M, et al. Ten-year single-cen-
tre experience with type II endoleaks: Intervention
versus observation. Vasc Med 2017; 22(4):316-23.
doi: 10.1177/1358863x17704315.

Massis K, Carson WG 3rd, Rozas A, et al. Treatment
of type II endoleaks with ethylene-vinyl-alcohol
copolymer (Onyx). Vasc Endovascular Surg 2012;
46(3):251-57. doi: 10.1177/1538574412442401.
Nevala T, Biancari F, Manninen H, et al. Type II en-
doleak after endovascular repair of abdominal aortic
aneurysm: effectiveness of embolization. Cardiovasc
Intervent Radiol 2010; 33(4):278-84. doi: 10.1007/
s00270-009-9685-5.

Baum RA, Carpenter JP, Golden MA, et al. Treatment
of type 2 endoleaks after endovascular repair of ab-
dominal aortic aneurysms: comparison of transarte-
rial and translumbar techniques. J Vasc Surg 2002;
35(1):23-29. doi: 10.1067/mva.2002.121068.





