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Abstract
Purpose  To identify the perioperative factors associated with aneurysm size changes after endovascular aortic aneurysm 
repair (EVAR).
Methods  Between August, 2008 and December, 2014, 187 patients underwent EVAR treatment in our institution. The 
subjects of this study were 135 of these patients without peripheral artery disease, who were followed up with computed 
tomography (CT) for 3 years. Significant aneurysm size change was defined as sac size change of more than 5 mm from the 
baseline.
Results  Sac enlargement was identified in 25 patients (18.5%) and sac shrinkage was identified in 59 (43.7%) patients. The 
factors associated with sac enlargement were postoperative pulse wave velocity (OR: odds ratio 3.80, p = 0.047), prevalence 
of a type 2 endoleak 1 week after surgery (OR 4.26, p = 0.022), inner diameter (OR 1.10, p = 0.005), and distance from the 
lower renal artery to the terminal aorta (OR 1.05, p = 0.017). The factors associated with sac shrinkage were prevalence of a 
type 2 endoleak (OR 0.09, p < 0.001) and preoperative pulse wave velocity (OR 0.32, p = 0.022). The factors independently 
associated with type 2 endoleak were the use of an Excluder device (OR 3.99, p = 0.002) and the length of the aneurysm 
(OR 1.02, p = 0.027).
Conclusion  Inner diameter, treatment length, perioperative pulse wave velocity, and type 2 endoleak were associated with 
sac size changes after EVAR.
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Introduction

Endovascular repair of an abdominal aortic aneurysm is 
minimally invasive with lower perioperative morbidity and 
mortality than conventional open surgical repair [1, 2]. How-
ever, it is also associated with a risk of complications and 
the need for re-intervention over time, with early changes in 
the aneurysm sac diameter reported as a strong predictor of 
this [3]. Based on the uncertainty of long-term outcomes, 
the postoperative surveillance of patients undergoing endo-
vascular aortic aneurysm repair (EVAR) is also debatable 

with regards to costs and the use of radiation and iodine 
contrasts [3].

The prevalence of endoleak has been reported as an inde-
pendent risk factor for aneurysm sac enlargement [4–6]. 
Other potential risk factors have been suggested, including 
age, thrombus formations, medications, and comorbidities 
such as hyperlipidemia and coronary artery disease [7–10]. 
In the current clinical practice, patients with sac enlarge-
ment must be followed up closely to evaluate the need for 
re-intervention and risk of aneurysm rupture. The aim of this 
study was to evaluate the perioperative factors associated 
with sac enlargement and shrinkage after EVAR.
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Methods

Patients

Between August, 2008 and December, 2014, 187 patients 
underwent EVAR in our institution, 144 of whom were fol-
lowed up with computed tomography (CT) for more than 
3 years after surgery. Seventeen patients who died within the 
3 years, 23 patients who were transferred to another hospital 
for postoperative follow-up or were admitted to a nursing 
home, three patients who had undergone prior conventional 
treatment, and three patients with traumatic injury of the 
aorta were excluded from the analysis. Four patients with 
an ABI < 0.9 were also excluded from the study because 
of the possibility of underestimated pulse wave velocity 
(PWV) measurement (Fig. 1). Enhanced CT was performed 
preoperatively and 1 week after EVAR. For follow-up, CT 
was performed annually thereafter, with contrast for patients 
with a persistent endoleak 1 week after surgery and those 
without kidney injury. Re-intervention was considered for 
patients with sac enlargement of more than 10 mm from 
the baseline or those with sac enlargement of 5 mm within 
6 months. This study was approved by the Institutional 
Review Board of Saitama Medical Center, Jichi Medical 
University (S17-143).

CT measurement

Anatomical measurement of the aortic aneurysm was per-
formed with Ziostation (Ziosoft, Inc. Tokyo, Japan). Using 
3D multi-planar view, all measurements were performed in 

the axial view. Maximum aortic diameter, length of the aorta 
from the lower renal artery to the terminal aorta, neck length, 
number of persistent lumbar arteries, and inferior mesenteric 
arteries (IMA) were assessed before surgery. The existence 
of endoleak and the maximum aortic diameter were assessed 
1 week after surgery, and the maximum aortic diameter was 
measured annually.

PWV measurement

The baPWV measurements were performed using a non-inva-
sive device (Omron Colin, Tokyo, Japan). Pressure-sensitive 
transducers were placed on the arm and ankle and simultane-
ous recording of the two different pulse waves were measured 
at each point. PWV was calculated by the distance between the 
transducers over the body surface and the pulse transit time. 
[PWV (m/s) ¼ travel distance (m)/transit time (s)] [11, 12].

Data analysis

The normality of the distribution of the data was tested by 
the Kolmogorov–Smirnov test. To compare three groups, 
ANOVA was used to analyze continuous variables that were 
normally distributed (mean ± SD). The Kruskall–Wallis test 
was used if data were not normally distributed after loga-
rithmical transformation (median, Q1-Q3). The Bonferroni 
post hoc test was performed for multiple comparisons. To 
compare two groups, continuous variables were analyzed 
by the Student t test (mean ± SD) or Mann–Whitney test, if 
the data were not normally distributed after logarithmical 
transformation (median, Q1–Q3). Categorical variables were 
analyzed by Fisher’s exact test. Significant sac size change 
was defined as a decrease or increase in sac sizes of more 
than 5 mm from the baseline. Patients were divided into 
the following three groups: those with no significant change 
(less than 5 mm) in the sac diameter; those with signifi-
cant sac shrinkage; and those with significant sac enlarge-
ment. The multivariate regression model for significant sac 
changes was assessed by adjusting for factors associated 
with aneurysm sac size changes in the univariate analysis. 
Since pulse wave velocity is an intermediate variable for 
age and aneurysm sac size changes, age was not included 
in the multivariate analysis when preoperative pulse wave 
velocity was used. p < 0.05 was considered significant and 
all analyses were performed using Stata (version 13.1, Stata 
Corp, College Station, TX, USA).

Results

The commercially available devices used for treatment were 
the Excluder (W.L. Gore & Associates, Inc. Flagstaff, AZ, 
USA) (n = 39), the Endurant (Medtronic, Minneapolis, MN, 

Fig. 1   Patients enrolled in the study. Patients who died within 
3 years after surgery, those who were transferred to another hospital 
or nursing home and did not participate in follow-up, patients with 
dissection or trauma, and those with peripheral artery disease were 
excluded from the study
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USA) (n = 55), the Zenith (Cook Medical, Bloomington, IN, 
USA) (n = 32), and the Powerlink (Endologix Inc, Irvine, 
CA, USA) (n = 6). Three patients were treated with a com-
bination of the Endurant and Excluder devices and were cat-
egorized as “others” (n = 3). The only endoleak observed 
1 week after EVAR was a type 2 endoleak and there were 
no patients with a thoracic aortic aneurysm. Table 1 shows 
the demographics of the patients with no significant change 

(37.8%), those with significant sac shrinkage (43.7%), and 
those with significant sac enlargement (18.5%), 3 years after 
EVAR. The patients with sac enlargement were signifi-
cantly older than those with sac shrinkage. (80 ± 7.6 years 
vs. 75 ± 77 years, p = 0.019). There were no significant 
differences in prior medical history, medication, or labo-
ratory data. Patients with sac enlargement had a longer 
distance between the lower renal artery and the terminal 

Table 1   Demographics of patients with no significant sac size change, sac shrinkage, or sac enlargement 3 years after endovascular aortic aneu-
rysm repair (EVAR)

IMA Inferior mesenteric artery

No change
n = 51

Shrinkage
n = 59

Enlargement
n = 25

p

Age (years) 78 ± 6.1 75 ± 7.7 80 ± 7.6 0.011
Male (%) 44 (86.3%) 52 (88.1%) 19 (76.0%) 0.33
Medical history
 Hypertension (%) 37 (72.5%) 45 (76.3%) 18 (72.0%) 0.90
 Dyslipidemia (%) 22 (43.1%) 22 (37.3%) 8 (32.0%) 0.62
 Diabetes (%) 3 (5.9%) 6 (10.2%) 1 (4.0%) 0.69

Medication
 Angiotensin converting enzyme inhibitor (%) 6 (11.8%) 4 (6.8%) 2 (8.0%) 0.68
 Angiotensin II receptor blocker (%) 23 (45.1%) 18 (30.5%) 7 (28.0%) 0.18
 Beta blocker (%) 9 (17.6%) 19 (32.2%) 10 (40.0%) 0.09
 Aspirin (%) 23 (45.1%) 18 (30.5%) 13 (52.0%) 0.11
 Calcium channel blocker (%) 29 (56.9%) 33 (55.9%) 13 (52.0%) 0.85
 Dual antiplatelet therapy (%) 5 (9.8%) 3 (5.1%) 0 (0.0%) 0.24
 HMG-CoA inhibitor (%) 28 (54.9%) 25 (42.4%) 10 (40.0%) 0.31
 Warfarin (%) 4 (7.8%) 4 (6.8%) 2 (8.0%) 1

Laboratory data
 Creatinine (mg/dL) 0.85 (0.74–0.99) 0.86 (0.75-1.00) 0.83 (0.77–0.98) 0.85
 Hemoglobin (g/dL) 12.9 ± 1.61 12.8 ± 1.53 12.2 ± 1.76 0.21
 Platelets (x104/uL) 20.2 ± 5.82 21.3 ± 5.56 18.4 ± 5.07 0.09

Anatomy and physiology
 Neck length (mm) 35.4 ± 11.44 34.8 ± 14.38 34.7 ± 13.69 0.97
 Length from lower renal artery to terminal aorta (mm) 117.2 ± 16.31 120.7 ± 19.98 131.7 ± 21.37 0.009
 Inner length (mm) 74.0 ± 17.99 80.6 ± 21.61 86.8 ± 30.11 0.055
 Maximum outer diameter (mm) 49.9 ± 8.39 52.2 ± 10.17 53.9 ± 7.76 0.17
 Maximum inner diameter (mm) 37.2 ± 8.24 41.8 ± 10.93 45.7 ± 10.78 0.002
 Patent IMA (%) 37 (72.5%) 43 (72.9%) 19 (76.0%) 1
 Patent lumbar arteries 5.1 ± 2.17 4.9 ± 2.25 4.9 ± 1.91 0.87
 Preoperative pulse wave velocity (m/s) 2.03 ± 0.493 1.85 ± 0.351 2.03 ± 0.502 0.07
 Postoperative pulse wave velocity (m/s) 2.16 ± 0.452 1.99 ± 0.386 2.34 ± 0.612 0.012
 Persistent endoleak (%) 14 (27.5%) 3 (5.1%) 12 (48.0%) < 0.001
 Mean arterial pressure (mmHg) 94 ± 12.4 92 ± 9.4 94 ± 12.2 0.60
 Stent graft device (%) 0.17
 Zenith 11 (21.6%) 17 (28.8%) 4 (16.0%)
 Excluder 20 (39.2%) 12 (20.3%) 7 (28.0%)
 Powerlink 4 (7.8%) 2 (3.4%) 0 (0.0%)
 Endurant 16 (31.4%) 26 (44.1%) 13 (52.0%)
 Others 0 (0.0%) 2 (3.4%) 1 (4.0%)
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aorta than those with sac shrinkage (131.7 ± 21.37 mm 
vs. 120.7 ± 19.98 mm, p = 0.049) and those without sig-
nificant change (131.7 ± 21.37 mm vs. 117.2 ± 16.31 mm, 
p = 0.007). The maximum inner diameter was significantly 
larger in patients with sac enlargement than in those with-
out significant change (45.7 ± 10.78 mm vs. 37.2 ± 8.24 mm, 
p = 0.002). Postoperative pulse wave velocity was faster in 
patients with sac enlargement than in those with sac shrink-
age (2.34 ± 0.61 m/s vs. 1.99 ± 0.39 m/s, p = 0.012). Patients 
with sac enlargement had a higher prevalence of postopera-
tive endoleak than those with sac shrinkage (48.0% vs. 5.1%, 
p < 0.001), while patients with sac shrinkage had a lower 
prevalence of type 2 endoleak than those without significant 
change (5.1% vs. 27.5%, p = 0.004; Table 1).

In the multivariate regression model, postoperative pulse 
wave velocity (OR: Odds ratio 3.80, 95% CI 1.02–10.70, 
p = 0.047), prevalence of endoleak 1 week after EVAR (OR 
4.26, 95% CI 1.24–14.70, p = 0.022), inner diameter (OR 
1.10, 95% CI 1.03–1.17, p = 0.005), and distance from the 
lower renal artery to the terminal aorta (OR 1.05, 95% CI 
1.01–1.08, p = 0.017) were independently associated with 
sac enlargement. (Table 2) On the other hand, the preva-
lence of endoleak after EVAR (OR 0.09, 95% CI 0.03–0.35, 
p < 0.001) and preoperative pulse wave velocity (OR 0.32, 
95% CI 0.12–0.84, p = 0.022) were independently associ-
ated with sac shrinkage after EVAR. (Table 3) Of the four 
devices used, Powerlink had the minimum effect on pulse 
wave velocity while Endurant, Excluder, and Zenith had sig-
nificant or tendency towards increased pulse wave velocity 
after device implantation (Table 4).

Factors that were associated with persistent type 2 
endoleak 1 week after EVAR were use of the Excluder 
device (p = 0.002), and length of the aneurysm (p = 0.024). 
(Table  5) In multivariate analysis, use of the Excluder 
device (OR 3.99, 95% CI 1.64–9.66, p = 0.002) and length 
of the aneurysm (OR 1.02, 95% CI 1.00–1.04, p = 0.027) 
were independently associated with persistent type 2 
endoleak 1 week after EVAR (Table 6). Four patients with 
sac enlargement underwent re-intervention. Three patients 
without significant change underwent re-intervention for leg 
migration, and one patient with sac shrinkage underwent 

femoral–femoral bypass for leg occlusion. There were no 
aneurysm-related deaths during the follow-up.

Discussion

Early change in sac diameter after EVAR is a strong predic-
tor of late complications. In our series, 25 (18.5%) patients 
had sac enlargement, 59 (43.7%) had sac shrinkage, and 51 
(37.8%) had no significant change after EVAR. The preva-
lence of endoleak, aneurysm treatment length, and preopera-
tive and postoperative pulse wave velocity were associated 
with sac size changes after EVAR. Although EVAR was 
associated with increased pulse wave velocity, Powerlink 
had a minimum effect on pulse wave velocity. Furthermore, 
use of the Excluder device and the length of the aneurysm 
were factors independently associated with residual type 2 
endoleak after EVAR.

Persistent shrinkage of more than 5 mm is associated 
with a 99.7% rate of freedom from aneurysm-related deaths 
at 10 years, whereas sac enlargement is associated with 
increased surveillance costs, re-intervention rate, and risk 
of rupture [3, 13]. The rate of freedom from complica-
tion differs according to the degree of sac shrinkage. The 
rate of freedom from complication was 84.3%, 88.1%, and 
94.4% for patients with no shrinkage, moderate shrinkage, 
and major shrinkage, respectively [3]. Several predictors 
have been reported for complications associated with sac 
shrinkage and those associated with sac enlargement [14]. 
Chikazawa et al. [15] reported that the use of antiplatelets, 
persistent type 2 endoleak, and female gender were associ-
ated with sac enlargement. On the other hand, the absence of 
a thoracic aortic aneurysm, no history of antiplatelet therapy, 
the presence of coronary artery disease, and the absence of 

Table 2   Multivariate logistic regression model for sac enlargement

Odds ratio 95% CI p value

Age (years) 1.04 0.94–1.14 0.46
Postoperative pulse wave velocity 

(m/s)
3.80 1.02–10.70 0.047

Endoleak (%) 4.26 1.24–14.70 0.022
Inner diameter (mm) 1.10 1.03–1.17 0.005
Length from lower renal artery to 

terminal aorta (mm)
1.05 1.01–1.08 0.017

Table 3   Multivariate logistic regression model for sac shrinkage

Odds ratio 95% CI p value

Endoleak (%) 0.09 0.03–0.35 < 0.001
Preoperative pulse wave 

velocity (m/s)
0.32 0.12–0.84 0.022

Table 4   Preoperative and postoperative pulse wave velocity for each 
device used

Preoperative pulse 
wave velocity 
(m/s)

Postoperative 
pulse wave veloc-
ity (m/s)

p

Endurant n = 55 1.89 ± 0.406 2.10 ± 0.470 < 0.001
Excluder n = 36 1.88 ± 0.361 2.13 ± 0.516 < 0.001
Powerlink n = 6 2.32 ± 0.930 2.36 ± 0.659 0.86
Zenith n = 30 2.06 ± 0.442 2.11 ± 0.393 0.055
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type 2 endoleak were associated with sac shrinkage. Simi-
larly, Aoki et al. reported persistent type 2 endoleak and 
multiagent antiplatelet therapy as a predictor for no response 
to sac shrinkage 6 months after EVAR [5]. Young age, use 
of calcium channel blockers, statins, and the absence of 
calcium in the neck of the aneurysm neck have also been 
reported to be associated with sac shrinkage after EVAR 
[8–10].

Prior studies have shown the existence of residual intra-
aneurysm sac pressure after EVAR [16, 17]. In their in vitro 
experiment with a latex aneurysm model, Kwon et  al. 
reported that intra-aneurysm sac pressure was inversely 
associated with aortic compliance [17]. This supports the 
finding of Yeung et al. that intraluminal thrombus was asso-
ciated with sac enlargement [18]. Intraluminal thrombus 
triggers hypoxia and inflammatory infiltration of the adja-
cent aortic wall, which results in a less compliant aortic wall 
[19–21]. In their multivariate analysis, minimal thrombus 
(OR: 1.47) and greater aneurysm diameter (OR: 1.3) were 
independent factors associated with sac shrinkage 1, 6, and 
12 months after EVAR (p < 0.05) [18].

Pulse wave velocity, which measures vascular stiffness, 
is a good surrogate for aortic compliance [12]. In our series, 
high postoperative pulse wave velocity was independently 
associated with sac enlargement, whereas low preoperative 

pulse wave velocity was associated with sac shrinkage. Aor-
tic stiffness is caused by vascular aging, characterized by 
structural changes in collagen and elastin fibers. It is also 
caused by changes in dynamic components resulting from 
endothelial dysfunction [22]. Advanced biomechanical 
changes in the aorta cause it to be less compliant. Thus, 
patients with high preoperative pulse wave velocity are 
more unlikely to show vascular remodeling. A less compli-
ant aortic wall is also associated with higher intra-aneurysm 
sac pressure, which may interfere with the progress of sac 
shrinkage [17, 21]. Intra-aneurysm sac pressure, espe-
cially the pulse pressure, plays a major role in aneurysm 
sac remodeling, where high pressure is associated with sac 
enlargement and low pressure is associated with vascular 
remodeling and shrinkage [23–25]. As higher pulse wave 
velocity is associated with higher pulse pressure, an increase 
in postoperative pulse wave velocity may affect increased 
pulse pressure on the intra-aneurysm sac pressure, especially 
in patients with residual endoleaks [21–24, 26]. Although 
our sample size was small, we found that Powerlink, an 
endoskeleton type device, did not result in a significant 
increase after endovascular repair. This is supported by prior 
findings in thoracic endovascular aneurysm repair (TEVAR), 
where the endoskeleton type device did not show significant 
increase in pulse wave velocity after TEVAR [12].

Risk factors for persistent type 2 endoleak, a major compo-
nent of high intra-aneurysm sac pressure, include the preop-
erative abdominal aortic aneurysm length and patent inferior 
mesenteric artery [4, 27]. In a study by Kray et al., sac volume 
regression was 21.8% in patients with an occluded inferior 
mesenteric artery, but 13.2% in patients with a patent infe-
rior mesenteric artery (p = 0.004) [4]. In our series, the fac-
tors that were independently associated with type 2 endoleak 
were the length of the aneurysm (OR 1.02, 95% CI 1.00–1.04, 

Table 5   Demographics of 
patients with a persistent 
type 2 endoleak 1 week after 
endovascular aortic aneurysm 
repair (EVAR)

IMA Inferior mesenteric artery

Type 2 endoleak No endoleak p value
n = 106 n = 29

Age (years) 77 ± 7.2 76 ± 7.6 0.45
Aspirin (%) 41 (38.7%) 14 (48.3%) 0.40
Dual antiplatelet therapy (%) 7 (6.7%) 2 (6.9%) 1
Warfarin (%) 7 (6.7%) 3 (10.3%) 0.45
Excluder (%) 23 (21.7%) 15 (51.7%) 0.002
Platelet count (× 104/uL) 20.5 ± 5.61 20.1 ± 6.26 0.73
Creatinine (mg/dL) 0.84 (0.75-1.00) 0.84 (0.71–0.98) 0.65
Preoperative pulse wave velocity (m/s) 1.94 ± 4.266 1.97 ± 5.005 0.72
Patent lumbar artery 4.8 ± 2.17 5.7 ± 1.91 0.053
Patent IMA (%) 75 (70.8%) 25 (86.2%) 0.10
Neck length (mm) 35.3 ± 13.52 33.9 ± 11.55 0.62
Length of aneurysm (mm) 77.2 ± 22.21 87.9 ± 22.33 0.024
Aneurysm diameter (mm) 51.3 ± 8.72 53.9 ± 11.18 0.17

Table 6   Multivariate logistic regression for a persistent type 2 
endoleak 1 week after endovascular aortic aneurysm repair (EVAR)

Odds ratio 95% CI p value

Excluder 3.99 1.64–9.66 0.002
Length of aneurysm 

(mm)
1.02 1.00–1.04 0.027
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p = 0.027) and use of the Excluder device (OR 3.99, 95% CI 
1.64–9.66, p = 0.002). Cieri et al. also reported the significance 
of device selection on sac behavior, observing that persistent 
sac shrinkage was independently associated with the Zenith 
device (OR 1.33, 95% CI 1.176–1.514) and Endurant (OR 
1.52, 95% CI 1.108–2.092), whereas the AneuRx device was 
inversely associated with sac shrinkage (OR 0.57, 95% CI 
0.477–0.688) [13]. Although the Excluder in our series was 
associated with persistent type 2 endoleak 1 week after sur-
gery, it was not associated with sac enlargement 3 years after 
EVAR.

This study has several limitations. First, the results did not 
include those of 23 patients who were not able to re-visit the 
hospital, most of whom were moved to a nursing home and 
refused medical follow-up. Second, pulse wave velocity is 
influenced by the aortic diameter; namely, a larger lumen of 
the aorta tends to decrease the flow velocity. In our series, the 
inner diameter was largest in patients who showed sac enlarge-
ment; however, these patients with large diameters had the 
highest pulse wave velocity. Many prior studies have looked 
at arterial stiffness measured by pulse wave velocity in aortic 
aneurysms [16, 28, 29]. Our data also showed that there was no 
correlation between aneurysm sac size and preoperative pulse 
wave velocity measurement (r = − 0.102, p = 0.24). Pulse wave 
velocity in patients with aortic aneurysms may not simply indi-
cate arterial stiffness, but it is still a good tool to show trends in 
aortic compliance. Finally, this was a retrospective study with 
a small sample size. Our study shows only association and not 
the causal relationship of each variable with sac size changes. 
A prospective study with a much larger sample size is needed 
to confirm the results.

In conclusion, the predictive factors for sac enlarge-
ment may help us decide on the best therapeutic approach 
for patients with abdominal aortic aneurysm. Identifying 
patients at higher risk of sac enlargement may allow us to 
avoid repeated intervention and the medical costs associ-
ated with frequent surveillance after surgery. Although fur-
ther study is needed, perioperative pulse wave velocity and 
management of type 2 endoleaks should be investigated as 
a therapeutic approach to achieve better surgical outcomes 
for patients undergoing EVAR.
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