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What Did Endovascular Aortic Repair Bring for 
the Treatment Strategy of Abdominal Aortic  
Aneurysm?

Hirofumi Midorikawa, MD, PhD,1 Takashi Takano, MD,1 Kyohei Ueno, MD,1  
Gaku Takinami, MD,1 Rie Kageyama, MD,1 Haruna Seki, MD,1 Megumu Kanno, MD, PhD,1 
and Kouichi Satou, MD, PhD2

Objective: We examined the effects of the introduction of 
endovascular aortic repair (EVAR) on treatment for abdomi-
nal aortic aneurysms (AAAs).
Subjects: We compared patients in the following three 
periods: period I (January 2002–December 2006, 105 
patients), period II (January 2007–December 2011, 242 
patients, duration of 5 years after the introduction of EVAR), 
and period III (January 2012–December 2016, 237 patients, 
duration of 5 years after period II). We used the American 
Society of Anesthesiologists (ASA) classification for risk as-
sessment.
Results: In the Open repair (OR) group, the incidences 
of ASA class 2 increased and classes 3 and 4 decreased 
significantly in periods II and III compared with period I. 
In all periods, there were no in-hospital deaths. Suprarenal 
aortic cross-clamping was required in 18 patients (19.1%) 
in period III and 5 patients (6.3) in period I, and the differ-
ence was significant (P<0.05). In the EVAR group, no differ-
ences in age, sex, or ASA classification class were observed 
between periods II and III. In period II, one patient died due 
to aneurysm rupture during surgery. Significant differences 
were observed when comparing both groups in periods 
II and III: patients in the EVAR group were older (P<0.01) 
and the OR group had a higher proportion of ASA class 2 
patients and the EVAR group had a higher proportion of 
ASA class 3 or 4 patients (P<0.01). Among all AAA surger-
ies, rupture occurred in 25 patients (23.8%) in period I, 18 
patients (7.4) in period II, and 16 patients (6.8) in period III. 
The number of ruptures was significantly lower in periods II 
and III than in period I (P<0.01).

Conclusions: The findings of this study suggest that EVAR 
should be indicated for high-risk patients and had the good 
outcome of AAA treatment. (This is a translation of Jpn J Vasc 
Surg 2018; 27: 27–32.)

Keywords: abdominal aortic aneurysm, endovascular aortic 
repair, open repair

Introduction
In prospective randomized controlled trials1,2) of thera-
peutic outcomes of endovascular aneurysm repair (EVAR) 
and conventional open repair (OR) for abdominal aortic 
aneurysm (AAA) conducted in the West in 2005, good 
early-to-midterm outcomes of EVAR were reported. In 
Japan, after EVAR was included under the national health 
insurance coverage in 2007, many institutions performed 
it primarily for patients in whom OR was associated with 
high risk; however, it is now an indispensable therapeutic 
procedure for AAA. On the other hand, with regard to 
the long-term outcomes based on the rupture avoidance 
rate, EVAR is considered inferior to OR.3) Thus, although 
EVAR is an effective treatment for AAA, several stud-
ies have examined the type of patients for whom EVAR 
should be indicated to improve treatment outcomes.4–8) 
In the present study, we retrospectively examined the 
contribution of EVAR to AAA treatment strategy at our 
institute.

Subjects and Methods
The study duration was divided into three periods: period 
I, 5 years prior to EVAR introduction at our hospital 
(January 2002–December 2006); period II, 5 years after its 
introduction (January 2007–December 2011); and period 
III, subsequent 5 years (January 2012–December 2016). 
Among the 584 patients, the OR:EVAR ratio was 105 : 0 
patients in period I, 101 : 141 in period II, and 100 : 137 in 
period III. Rupture of AAA (RAAA) was observed in 59 
patients (Fig. 1). Pre- and intraoperative factors with early 
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Fig. 1 AAA patients number.

outcomes were compared for each surgical procedure and 
period, while OR and EVAR were compared for each 
period. Furthermore, the instructions for use (IFU) and 
incidence of endoleaks in EVAR were evaluated. Statisti-
cal analyses were performed using the Student’s t-test and 
Chi-squared test. P<0.05 was considered statistically sig-
nificant. Risk evaluation was performed using the Ameri-
can Society of Anesthesiologists (ASA).

There were some changes according to period; however, 
we outlined the basic elective AAA treatment strategy of 
our hospital. EVAR is indicated for patients aged >75 
years and when anatomical requirements are met. When 
the anatomical requirements are not met, OR is selected 
if it can be endured by the patient; then, if OR is deemed 
as high-risk, follow-up observation is performed. OR is 
the first choice of treatment for patients aged <75 years if 
the procedure can be endured; EVAR is selected if the OR 
procedure is considered highly risky and the anatomical 
requirements are satisfied. At our hospital, EVAR is essen-
tially indicated in case of anatomical indications, includ-
ing device selection, and for patients aged >75 years in 
whom OR is thought to carry high risk, such as those with 
cerebrovascular disease, ischemic heart disease, chronic 
obstructive pulmonary disease, renal dysfunction, cancer, 
and history of laparotomy (in particular, patients with a 
colostomy or vesical fistula in whom it is technically dif-

ficult to open not only the abdominal cavity but also the 
retroperitoneum by OR).

Results
OR elective surgery
For the overall study duration, there were no significant 
differences in the age and sex among the periods; however, 
patients in periods II and III tended to be younger than 
those in period I. In the ASA classification, the rate of oc-
currence of ASA class 2 was significantly higher in periods 
II and III than in period I (P<0.01), whereas that of class 
3 was lower (P<0.05). The number of patients with ASA 
class 4 was significantly lower in period III than in periods 
I and II (P<0.01). Suprarenal artery clamping increased 
from five patients in period I (6.3%) to 13 in period II 
(15.5%) and 18 in period III (19.1%), with a statistically 
significant increase observed in period III compared with 
period I (P<0.05). Throughout the study duration, no 
hospital deaths were observed (Table 1).

EVAR elective surgery
In periods II and III, no differences in age, sex, and ASA 
classification were observed. The main devices used in-
cluded the Excluder (W.L. Gore and Association, Flagstaff, 
AZ, USA) and Zenith devices (Cook Medical, Blooming-
ton, IN, USA) in period II and Excluder (including C3) 
and Endurant devices (including II) (Medtronic Cardio-
vascular, Santa Rosa, CA, USA) in period III. IFU slightly 
differed depending on the device. However, considering 
the location (proximal and distal to the neck) and ap-
proach, EVAR was performed outside the recommended 
IFU when the proximal neck was large or small, flexion 
was ≥60°, and landing zone length was ≤15 mm; when 
the distal neck was large or small, landing zone length 
was ≤10 mm, and in case of bilateral common iliac artery 
aneurysm (unilateral internal iliac artery preservation not 
possible); and when device insertion was difficult for the 
approach route (flexion, stricture, or occlusion). In pe-
riod II, EVAR was performed outside IFU in 16 patients 

Table 1 Pre and postoperative risk factors and results for elective open repair cases

Period I Period II Period III P value

Age 73.4±30.7 68.3±10.6 66.4±7.6 NS
Gender

Male : Female 75 : 5 71 : 13 80 : 14 NS
ASA classification

Class 2 30 (37.5%) 51 (60.7%)** 76 (80.9%)** **P<0.01
Class 3 35 (43.8%) 20 (23.8%)* 14 (14.9%)* *P<0.05
Class 4 15 (18.7%) 13 (15.5%) 4 (4.2%)** **P<0.01

Suprarenal renal clamp 5 (6.3%) 13 (15.5%) 18 (19.1%)** **P<0.01
Hospital mortality 0 (0%) 0 (0%) 0 (0%)
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(11.4%) for proximal neck factors, four (2.9%) for distal 
neck factors, and 11 (7.9%) for approach factors, whereas 
in period III, the corresponding data were 13 (10.2%), 
five (3.9%), and 11 (8.7%), respectively, with no statis-

tically significant differences between the two periods. 
EVAR was performed outside IFU in approximately 20% 
of the cases. Furthermore, in the evaluation of endoleaks 
by contrast-enhanced computed tomography at 1 week 
postoperatively, we found type 1a in five patients (3.6%), 
type 1b in one (0.7%), type 2 in 23 (16.4%), and type 
3 in two (1.4%) in period II. On the contrary, we found 
type 1a in one patient (0.8%), type 1b in one (0.8%), and 
type 2 in 16 (12.6%) in period III, with no statistically 
significant differences between the two periods; however, 
in period III, there were fewer type 1 and 2 endoleaks. In 
period II, one patient was lost due to intraoperative RAAA 
(Table 2).

Comparison of OR and EVAR elective surgeries
There was no difference in sex between periods II and III; 
however, the EVAR group was older in both periods II and 
III, and in particular, the EVAR group was significantly 
older in period III (P<0.01). For periods II and III, the 
OR group had significantly more number of patients with 
ASA class 2 (P<0.05 and P<0.01, respectively), whereas 
the EVAR group had more number of patients with class 3 
(P<0.01). In period III, the EVAR group had significantly 
more number of patients with ASA class 4 (P<0.05; 
Table 3).

RAAA transition
Overall, RAAA for AAA surgery occurred in 25 patients 
in period I (23.8%, OR/EVAR: 25/0, hospital deaths: 5 
[20%]), 18 in period II (7.4%, 17/1, 3 [16.7%]), and 16 in 

Table 3 Preoperative risk factors for elective cases between open repair and endovascular aortic repair

Period II Period III
P value

OR/EVAR OR/EVAR

Age 68.3±10.6/74.0±6.3 66.4±7.6/74.5±6.7** **P<0.01
Gender

Male : Female 71 : 13/122 : 18 80 : 14/110 : 14 NS
ASA classification

Class 2 51 (60.7%)/51 (36.4%)* 76 (80.9%)/37 (29.1%)** *P<0.05
**P<0.01

Class 3 20 (23.8%)/74 (52.9%)** 14 (14.9%)/72 (56.7%)** **P<0.01
Class 4 13 (15.5%)/15 (10.7%) 4 (4.2%)/18 (14.2%)* *P<0.05

Table 4 The change and clinical results of ruptured abdominal aortic aneurysm cases

Period I Period II Period III P value

Total number 105 242 237
Ruptured number 25 (23.8%) 18 (7.4%)** 16 (6.8%)** **P<0.01
Procedures

OR/EVAR 25/0 17/1 6/10
Hospital mortality

OR/EVAR 5 (20%)/0 3 (16.7%)/0 2 (12.5%)/2 (12.5%)

Table 2 Pre and postoperative risk factors and results for 
elective endovascular aortic repair cases

Period II Period III P value

Age 74.0±6.3 74.5±6.7 NS
Gender

Male : Female 122 : 18 110 : 17 NS
ASA classification

Class 2 51 (36.4%) 37 (29.1%) NS
Class 3 74 (52.9%) 72 (56.7%) NS
Class 4 15 (10.7%) 18 (14.2%) NS

Device
Zenith or Flex 37 (26.4%) 2 (1.6%)
Powerlink 9 (6.4%) —
Excluder or C3 94 (67.2%) 82 (64.6%)
Endurant I or II — 43 (33.8%)

Outside the IFU —
Proximal 16 (11.4%) 13 (10.2%) NS
Distal 4 (2.9%) 5 (3.9%) NS
Approach 11 (7.9%) 11 (8.7%) NS

Endoleak
Type 1a 5 (3.6%) 1 (0.8%) NS

1b 1 (0.7%) 1 (0.8%) NS
Type 2 23 (16.4%) 16 (12.6%) NS
Type 3 2 (1.4%) — NS

Hospital mortality 1 (0.7%) 0 (0%) NS
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period III (6.8%, 6/10, 4 [25%]), indicating significantly 
lesser RAAA occurrence in periods II and III than in pe-
riod I (P<0.01). In addition, the indication for EVAR con-
siderably increased from one patient in period II (5.6%) to 
10 in period III (62.5%; Table 4).

Discussion
Good initial outcomes in the EVAR trial 11) and Dream 
trial,2) which were prospective randomized controlled tri-
als for OR and EVAR, increased the importance of EVAR 
for the treatment of AAA. In addition, in Japan, EVAR 
was covered under the national health insurance in 2007 
and is now indispensable for the treatment of AAA. How-
ever, in Japan, the Ministry of Health, Labor, and Welfare 
issued a notice recommending the clinical application of 
EVAR in patients in whom conventional OR has high 
risk and who meet the anatomical indications for EVAR. 
On the other hand, with advancements in stent placement 
techniques and devices, there has been an increase in the 
number of patients who do not strictly satisfy IFU.9) Fur-
thermore, regarding long-term outcomes (at 8 years post-
operatively), the rate of rupture was significantly higher in 
the EVAR group than in the OR group.3) Considering the 
good long-term outcomes for OR,10) we believe that there 
may be a period when the indication of EVAR may have 
to be reconsidered.

At our institute, since the introduction of commercial-
ized EVAR devices in 2007, we have gained >10 years 
of experience in their usage and accumulated patients for 
whom these devices were used. We divided our experi-
ence into three periods as follows: period I, 5 years prior 
to EVAR introduction (January 2002–December 2006); 
period II, 5 years after its introduction (January 2007–De-
cember 2011); and period III, subsequent 5 years (January 
2012–December 2016). We attempted to retrospectively 
examine the effects of the introduction of EVAR on AAA 
treatment strategy and the appropriate clinical application 
of EVAR.

The effectiveness of EVAR for elderly patients and those 
with many risk factors and the use of ASA classification 
for preoperative risk evaluation have been reported.4,5,8) 
The effectiveness of EVAR for high-risk patients who are 
unsuitable for OR has also been reported.11) Furthermore, 
some reports have described that AAA treatment for high-
risk and elderly patients are being switched to EVAR.8,12) 
In our patients, we found that the introduction of EVAR 
reduced the age of patients who underwent OR, increased 
the number of those with ASA class 2, and decreased the 
number of those with ASA class 3 or 4. On the other hand, 
there were more elderly patients and those with ASA class 
3 or 4 in the EVAR group than in the OR group, resulting 
in fewer patients at a risk of OR. Furthermore, there were 

more high-risk patients for whom EVAR was indicated. 
Based on these results, from period I when OR alone was 
performed to periods II and III after the introduction of 
EVAR, the number of patients who underwent surgeries, 
including those at high risk, increased by >2-fold, thereby 
resulting in extremely good outcomes, as indicated by only 
one hospital death (0.2%) associated with elective AAA 
surgery during the 15-year period.

Given the device properties, anatomical indications 
are stipulated for EVAR, and in particular, the proximal 
neck poses a major problem; hence, the reported initial 
and midterm outcomes have been poor in case of EVAR 
performed outside the recommended IFU.13) The criteria 
for challenging proximal neck (CPN) are defined as fol-
lows: 1) diameter ≥28 mm, 2) length <15 mm, 3) angle 
≥60°, 4) reverse tapered or bulging, and 5) mural throm-
bosis ≥50%; unless OR carries a high risk with these 
criteria, it should be the first choice of treatment.14) In our 
patients, there was no difference in the number of patients 
with CPN who underwent EVAR in periods II and III; 
however, fewer type 1a endoleaks were observed. We be-
lieve that this is attributable to device improvement, such 
as with the Excluder C3 and Endurant II, and an increase 
in the number of OR performed in period III for patients 
with CPN in whom EVAR is difficult to perform. There-
fore, at present, OR should be selected for low-risk CPN; 
however, future improvements in devices will further ex-
pand the indications of EVAR.

Moreover, the most interesting question raised is how 
EVAR introduction affected the treatment outcomes of 
AAA. Giles et al.15) reported that the introduction of 
EVAR increased the number of treatments for patients 
with unruptured aneurysm and decreased RAAA cases. 
Moreover, Hill et al.16) reported that one-third of AAA 
cases were treated at high-volume centers in which treat-
ment tends to shift to EVAR, and this shift may be re-
sponsible for the decrease in the overall mortality of AAA 
to 23%. Furthermore, Handa et al.17) reported that the 
introduction of EVAR did not increase the mortality rate, 
expanded the indications of AAA treatment, and reduced 
the risk of general anesthesia and emergency surgery. In 
our study, the number of patients who underwent OR was 
comparable throughout the three periods over 15 years, 
whereas the number of patients who underwent EVAR 
considerably increased relative to AAA, which can be at-
tributed to the increased indications for patients in whom 
conventional OR was deemed to be high-risk and who 
were considered unable to undergo surgery. Furthermore, 
increased indications of EVAR reduced the number of 
untreated AAA patients, which may have reduced RAAA 
occurrence. Furthermore, good outcomes of EVAR for 
RAAA have been reported,18) and in our patients, the clini-
cal application is increasing and is expected to improve 
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the treatment outcomes.
In future, to improve the clinical outcomes of EVAR, it 

is important to address the challenge of treating endole-
aks. In general, for types 1 and 3, unless intra-aneurysmal 
pressure is reduced, there is a high risk for aneurysm 
rupture; therefore, therapeutic intervention is necessary. 
However, for type 2, the timing and stage for intervention 
remain controversial.19,20) In the present study, rupture 
complications occurred in 16.4% of patients in period 
II and 12.6% in period III. Kichikawa et al.20) reported 
that compared with pretreatment, patients with enlarge-
ment of >10 mm or 5 mm in 6 months should receive 
therapeutic intervention, while Thimaran et al.21) reported 
that for AAAs, if the diameter of the endoleak on contrast-
enhanced CT is >15 mm, there is a high risk of aneurysm 
enlargement. We also decide retreatment intervention 
based on the above factors; however, we believe that clear 
criteria to determine intervention have not been evaluated, 
and that further examination is needed based on long-
term outcomes.

In the present study, expanding the indication of EVAR 
for high-risk patients reduced the risk of OR, and com-
pared to period I in which OR alone was performed, 
the number of patients increased by >2-fold after the 
introduction of EVAR in periods II and III. Moreover, we 
successfully achieved stable clinical outcomes. The present 
study was a single-center retrospective study, and consid-
ering that we only examined the trend in clinical outcomes 
and treatment selection at the institution, conducting a 
multi-center study in Japan in future will help in appro-
priate indication for OR and EVAR for the treatment of 
AAA, which will in turn help in improving the treatment 
outcomes.

Conclusion
The introduction of EVAR markedly increased the num-
ber of patients with AAA undergoing surgeries. High-risk 
patients tended to undergo EVAR, and while the risk of 
OR was reduced, there was an increase in the number 
of patients in whom the level of technical difficulty was 
high, such as those with AAA of the pararenal artery or 
renal artery, and the indication of EVAR was difficult. 
Furthermore, there were fewer patients with RAAA. We 
believe that the introduction of EVAR is an indispensable 
treatment method to achieve stable treatment outcomes 
for AAA.
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