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Abstract

Objectives: This study aimed to determine whether errors in vascular meas-
urements would affect device selection in endovascular aortic repair (EVAR)
by comparing measurements obtained using non-contrast computed tomog-
raphy (NCT) with those obtained using contrast-enhanced CT (CECT). Ma-
terials and Methods: This single-center, retrospective study included 25 pa-
tients who underwent EVAR for abdominal aortic aneurysm at our institu-
tion. A 1-mm horizontal cross-sectional slice of NCT and CECT from each
patient was retrospectively reviewed. The area from the abdominal aorta to
the common iliac artery was divided into four zones. A centerline was created
using the NCT by manually plotting the center points. Subsequently, the cen-
terlines were automatically extracted and manually corrected during the arte-
rial phase of CECT. The diameter and length of each zone were measured for
each modality. The mean diameters and lengths of the target vessels were
compared between NCT and CECT. Results: The measurements obtained
using both methods were reproducible and demonstrated good agreement.
The mean differences in vessel length and diameter measurements for each
segment between NCT and CECT were not statistically significant, indicating
good consistency. Conclusion: NCT may be useful for preoperative EVAR
evaluation in patients with renal dysfunction or allergies to contrast agents.

Keywords
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1. Introduction

Endovascular aortic repair (EVAR) is less invasive than open surgery and yields
excellent early results for abdominal aortic aneurysm (AAA) [1]-[3]. Therefore,
an increasing number of patients are undergoing endovascular aortic repair
(EVAR), which has become an established standard of care along with open
surgery. In addition to morphology, information regarding the vessel diameter
and length, which are the landing sites at both ends of the aortic aneurysm, is
necessary to determine whether EVAR is indicated and to select the device. Alt-
hough vascular analysis using contrast-enhanced computed tomography (CECT)
is routinely performed, most patients undergoing treatment are elderly and often
opt out of EVAR because of renal dysfunction associated with comorbidities or
allergies to contrast media. A previous study reported that 15% of the patients
who underwent EVAR had renal dysfunction [4]. As of 2021, approximately
350,000 Japanese patients were undergoing dialysis [5]. Substituting non-contrast
CT (NCT) for preoperative vascular analysis would further EVAR indications.
Moreover, replacing CECT with NCT reduces radiation exposure. Therefore,
this study aimed to determine whether errors in vascular measurements would
influence device selection in EVAR by comparing the measurements obtained
using NCT with those obtained using CECT.

2. Materials and Methods

This was a single-center, retrospective study. Among the 42 patients who un-
derwent EVAR for AAA at our institution between May 2016 and June 2019, 25
with 1-mm horizontal cross-sectional slices of NCT and CECT were retrospec-
tively reviewed. The exclusion criteria were as follows: Hostile neck anatomy de-
fined as 1) neck length < 10 mm, 2) bulging > 3 mm, 3) > 2 mm reverse taper
within 1 cm below the renal arteries, and 4) neck thrombus = 50% of circum-
ference and isolated or concomitant common iliac artery aneurysms. Anatomi-
cal instructions for use (IFU) were defined as 1) proximal neck length > 15 mm,
2) proximal neck angulation < 60° and 3) common iliac artery length > 10 mm.
The area from the abdominal aorta to the common iliac artery was divided into
four zones: Zone 1 (Z1), immediately below the lower renal artery to the proxi-
mal end of the AAA; Zone 2 (Z2), the proximal end of the AAA to the terminal
aorta; Zone 3 (Z3), the right common iliac artery; and Zone 4 (Z4), the left
common iliac artery. The long and short diameters and the length of the vessel
were measured using Zijostation2 version 2.4.3.3 (Ziosoft Inc., Tokyo, Japan).
(Figure 1)

This study was approved by the Ethics Review Committee of St. Marianna
University School of Medicine (Approval No. 4927), and it complied with the
Declaration of Helsinki’s use of human data.

Twenty-five patients who underwent EVAR were retrospectively evaluated.
The area from the abdominal aorta to the common iliac artery was divided into

four zones: Zone 1, immediately below the lower renal artery to the proximal
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Figure 1. Flow diagram of patient inclusion and exclusion.

end of the AAA; Zone 2, the proximal end of the AAA to the terminal aorta;
Zone 3, the right common iliac artery; and Zone 4, the left common iliac artery.

Using ZioStation, points were manually plotted every 5 mm on the abdominal
aorta in the NCT images, whereas the centerlines were automatically extracted and
subsequently manually corrected in the CECT images. After creating the centerline,
the length of each vessel segment and diameters of the proximal, middle, and distal
sections were manually measured.

EVAR, endovascular aortic repair; NCT, non-contrast computed tomography;
CECT, contrast-enhanced computed tomography; AAA, abdominal aortic an-

eurysm

2.1. Measurements

Centerline was created using NCT by manually plotting the center points of the
vessels at 5-mm intervals within the diaphragmatic aorta and the end of the bi-
lateral common iliac artery. Subsequently, a cardiovascular radiologist with 9
years of experience manually corrected the automatically extracted centerlines in
the CECT arterial phase. The measured vessel lengths per segment and vessel
diameters on CECT were used as references. The long and short diameters at the
proximal, middle, and distal points in Z1, Z3, and Z4 and the length of the vessels
in each zone were measured. The mean vessel diameter was calculated as the aver-

age of the long and short diameters (long + short diameter)/2 on the cross-sectional
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images. The same raters (a radiologist with 4 years of experience and a cardio-
vascular radiologist with 9 years of experience) obtained the measurements

twice, at an interval of at least 1 month.

2.2. Evaluation Items and Statistical Analyses

The statistical software used was JMP (version 14.2; SAS Institute Inc., Cary,
North, USA). The intraclass correlation coefficient (ICC) (1, 1) was used to
evaluate the intraclass reliability of the measurements. ICC reliability assess-
ments were categorized as follows: 0.0 - 0.20, slight; 0.21 - 0.40, fair; 0.41 - 0.60,
moderate; 0.61 - 0.80, substantial; and 0.81 - 1.00, almost perfect. The mean di-
ameter and length of the target vessels obtained from NCT were compared with

those obtained using the Bland-Altman method.

3. Results

Of the 25 patients, 80% were male, and the average age was 76.7 years, with an
average body mass index of 22.4. The mean AAA diameter was 59 + 11 mm.
Three patients had a proximal neck angle of >60°, accounting for 12% of the to-
tal patients considered outside the IFU (Table). There were no cases with neck
thrombus > 50% of circumference because they were excluded from EVAR eligi-
bility when determining the treatment policy.

Verification of reference (CECT reproducibility): intraclass correlation coeffi-
cient (ICC) (1, 1).

The ICC of the reference showed good agreement (0.98 - 0.99) for vessel
length and good agreement (0.88 - 0.95) for vessel diameter.

Verification of the reproducibility of NCT: ICC (1, 1).

The ICC of the reference showed good agreement (0.87 - 0.98) for vessel
length. The vessel diameter showed good agreement (0.82 - 0.92).

Table 1. Patient demographics and lesion characteristics.

Patient number 25
Male (%) 20 (80)
BMI (%) 224 +45
Age (year) 76.7 £ 10
AAA diameter (mm) 59 +11
IFU violation (%) 3(12)
PN length < 15 mm 0
PN angulation > 60° 3
Right CIA length < 10 mm 0
Left CIA length < 10 mm 0

BMI, body mass index; AAA, abdominal aortic aneurysm; IFU, instructions for use; PN,
proximal neck; CIA, common iliac artery.
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3.1. Comparison between CECT and NCT

3.1.1. Vessel Length

The mean differences in the vessel length between the CECT and NCT were —1.3
mm (95% confidence interval [95% CI] —2.9 to 0.4) with a correlation coefficient
of 0.98 for Z1 (Figure 2(a)), 12.2 mm (95% CI, 6.8 to 17.6) with a correlation
coefficient of 0.83 for Z2 (Figure 2(b)), 2.0 mm (95% CI, —0.2 to 4.2) with a
correlation coefficient of 0.91 for Z3 (Figure 2(c)), and 0.2 mm (95% CI, —2.0 to
2.4) with a correlation coefficient of 0.95 for Z4 (Figure 2(d)). None of these dif-

ferences were statistically significant, thereby demonstrating good consistency.

3.1.2. Vessel Diameter
The mean differences in the mean vessel diameter between the CECT and NCT
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Figure 2. Mean difference in vessel length between the reference and non-contrast CT. Bland-Altman plots show no signif-
icant differences, indicating good consistency.
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were 1.0 mm (95% CI, 0.7 to 1.3) for Z1 (Figure 3(a)) with a correlation coeffi-
cient of 0.97, 0.9 mm (95% CI, 0.6 to 1.2) for Z3 (Figure 3(b)) with a correlation
coefficient of 0.92, and 0.6 mm (95% CI, 0.3 to 1.0) for Z4 (Figure 3(c)) with a
correlation coefficient of 0.93. Although there were non-significant mean dif-
ferences of approximately 1 mm in all segments, the correlation coefficients in-

dicated strong correlations.
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Figure 3. Mean difference in vessel diameter between the reference and non-contrast CT. Bland-Altman plots show differ-
ences of approximately 1 mm without significance, and the correlation coefficients indicate strong correlations.

4. Discussion

This is the first study to indicate that vessel measurements on NCT may facili-

tate the planning of EVAR in patients with renal dysfunction or allergies to con-
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trast media because of the minimal margin of error.

Several guidelines recommend reducing CECT to the minimum necessary
level and evaluating NCT levels using ultrasonography after EVAR surveillance
[6] [7]. However, preoperative evaluation typically requires CECT to obtain ac-
curate vessel measurements during EVAR. The results of this study are valuable
because they demonstrate the possibility of using NCT for the preoperative
evaluation of EVAR, which can reduce radiation exposure and the risk of acute
kidney injury.

This study used the manual centerline method to measure the vessel length
and diameter on NCT, whereas a semiautomatic method was used for CECT.
The differences in vessel measurements between manual and semiautomated
processing tools for the thoracic aorta were not significant [8]. In this context,
the thoracic aorta is surrounded by the lungs, providing clear contrast, making it
feasible to perform vessel measurements using NCT with minimal errors [9].
However, the difference in the aortic arch diameter at the branching vessel loca-
tion was significant, making it difficult to measure the aortic diameter at these
points on NCT.

Our findings showed that Z4 exhibited relatively large discrepancies between
the NCT and CECT measurements despite the centerline being accurately drawn
in most cases. These discrepancies were particularly notable in patients with lit-
tle visceral fat, making it difficult to distinguish between the internal and exter-
nal iliac arteries and the surrounding structures (Figure 4). Similar errors oc-
curred in patients with high visceral fat, particularly when the veins were closely
juxtaposed with other structures at the renal artery level or with internal and ex-
ternal iliac artery bifurcations. Furthermore, in cases of aneurysms extending to
the distal end of the abdominal aorta, the identification of the common iliac ar-
tery bifurcation is complex, potentially contributing to measurement errors.

In addition, anatomical characteristics such as large diameter, tortuosity, and
distortion may also affect measurement errors. Factors such as defining the cen-
tral axis and the degree of vessel wall thickness or calcification may lead to dis-
crepancies between NCT and CECT measurements. However, despite these var-
iations, the overall consistency remains satisfactory, making a vascular length
assessment before EVAR because the device length can be adjusted during the
EVAR procedure. Moreover, the exact precision in preoperative evaluations does
not significantly influence device selection.

Regarding the measurement of the vessel diameter, measurement errors re-
mained within < 2 mm in the 95% CI. These errors have a minimal effect on the
selection of stent graft devices because each device has a tolerance diameter
range. Furthermore, for stent grafts based on the outer vessel diameter, NCT
measurements may provide more suitable values, making NCT measurements
acceptable for preoperative device selection in EVAR.

In a previous report, successful vascular treatments were performed in six pa-
tients with aortic aneurysms (five cases of AAA and one case of TAA) without

using contrast agents preoperatively and during the procedures [10]. This
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Figure 4. Cause of measurement errors. In non-contrast computed tomography (CT)

scans (a), distinguishing the internal and external iliac arteries from the surrounding
structures may pose challenges, particularly in cases with minimal visceral fat, compared
with contrast-enhanced CT scans (b).

validation study aimed at preventing contrast-induced nephropathy. In this
study, NCT was performed preoperatively and CT values were artificially en-
hanced based on the NCT images to conduct preoperative evaluations for
EVAR. This indicates that preoperative assessment of EVAR can be safely per-
formed using NCT. However, no studies beyond a single-case report have veri-
fied the efficacy of NCT in pre-EVAR assessment. Therefore, this study is signif-
icant because it establishes the feasibility of using NCT to plan EVAR in patients
with AAAs.

A recent study demonstrated the presence of AAA by generating a virtual
CECT from NCT images using a generative adversarial network, which is a type
of artificial intelligence [11]-[13]. This study validated an artificial intelli-
gence-based method for detecting AAA using vessel diameters. In the future, it
would be beneficial to develop software capable of identifying AAA and meas-
uring vessel diameter/length by performing segmentation in each segment of the
NCT. For Z1 and Z2, good measurement results were obtained for both vessel
diameter and length, and the main device selection was not significantly affected.
However, for Z3 and Z4, there were errors in both measurements; however,
these could be adjusted during the procedure. Therefore, good measurements
are generally obtained for the vessel length, and the usefulness of NCT meas-

urements for device selection can be expected.
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This study had some limitations. First, it was a retrospective study with a
small number of patients. Second, this study did not evaluate the access route as
a specific parameter, as it can be repaired with covered stents in cases of vessel
injury. Using NCT alone may result in insufficient assessment of the mural
thrombus, posing a risk of distal embolization during EVAR. Therefore, NCT
should ideally be complemented with non-contrast magnetic resonance angi-
ography and vascular ultrasonography. A single rater performed all the meas-
urements in this study. Ideally, multiple raters should obtain measurements, and
comparisons among the results should be performed. This study only involved a
limited number of cases; hence, additional case accumulation and evaluation are

required to fully assess the utility of NCT in pre-EV AR evaluation.

5. Conclusion

NCT may be useful for preoperative evaluation in patients with renal dysfunc-

tion or allergies to contrast agents.
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