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Evaluation of a new imaging software for
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Abstract. - OBJECTIVE: The aim of this study
was to evaluate a new 3D Workstation workflow
(EVAR Assist, Advantage Windows, GE Health-
care, Chalfont, UK) (EA-AW) designed to simpli-
fy complex EVAR planning.

PATIENTS AND METHODS: All pre-opera-
tive computed tomography (CT) scans of pa-
tients who underwent repair at our institution
of a complex aortic aneurysm using fenestrat-
ed endovascular repair (f-EVAR) between Jan-
uary and September 2014, were reviewed. For
each patient, imaging analysis (12 measures:
aortic diameters and length and “clock position”
of visceral artery) was performed on two differ-
ent workstations: Aquarius (TeraRecon, San Ma-
teo, CA, USA) and EA-AW. According to a stan-
dardized protocol, three endovascular surgeons
experienced in aortic endograft planning, per-
formed image analyses and data collection inde-
pendently. We analyzed an internal assessment
between observers (on the Aquarius 3DWS) and
an external assessment comparing these results
with the planning center (PC) data used to cus-
tom the fenestrated endografts of the patients
enrolled in this study. Finally, we compared both
3DWS data to determine the accuracy and the re-
producibility. A p-value < .05 was considered as
statistically significant. Complete agreement be-
tween operators was defined as 1.0.

RESULTS: Intra and inter observer variability
(interclass correlation coefficients — ICC: 0.81-
.091) was very low and confirmed the reliabili-
ty of our planners. The ICC comparison between
EA-AW and Aquarius was excellent (> 0.8 for
both), thus confirming the reproducibility and
reliability of the new EA-AW application. Aor-
tic and iliac necks diameters and lengths were
similarly reported with both workstations. In our
study, the mean difference in distance and ori-
entation evaluation of target vessels evaluated
by the two workstations was marginal and has
no impact on clinical practice in term of device
manufacturing.

CONCLUSIONS: We showed that complex
EVAR planning can be performed with this new

dedicated 3D workstation workflow with a good
reproducibility.
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Introduction

Careful preoperative planning is a key to en-
sure technical success and favorable long-term
outcomes after endovascular aortic aneurysm
repair (EVAR). Evidence in the literature sugge-
sts that routine use of 3D workstations for EVAR
planning significantly reduces the rate of type
1 endoleaks and the rate of secondary interven-
tions'?. Juxta-, para-renal and thoraco-abdomi-
nal endovascular aortic aneurysm repair require
a proximal sealing zone above the visceral arte-
ries, in a non-diseased segment of the aorta. Per-
fusion of the visceral arteries is maintained by
fenestrations or branches of the aortic endograft.
Accurate preoperative analysis is thus mandatory
to: (1) locate the proximal landing zone to achie-
ve good fixation and sealing; (2) determine the
exact position of the visceral arteries, also called
“target vessels” (renal arteries, superior mesen-
teric artery [SMA], celiac trunk [CT]), that will
be perfused through fenestrations and/or bran-
ches®. Designing such complex devices requires
a substantial level of experience and expertise
in the analysis of pre-operative images. 3D-wor-
kstations (3DWS), allowing multiplanar, curvi-
linear and 3D reconstructions of pre- operative
images, are now routinely used by endovascular
therapists to conceive custom-made endografts,
matching perfectly patients’ anatomy, or to plan
step-by-step endovascular procedures. Many

Corresponding Author: Giovanni Tinelli, MD; e-mail: giovanni.tinelli@policlinicogemelli.it 2717



G. Tinelli, A. Hertault, T. Martin Gonzalez, R. Spear, R. Azzaoui, J. Sobocinski, et al.

3DWS are commercially available; the Aquarius
workstation (TeraRecon, San Mateo, CA, USA)
is our reference standard to design such complex
endografts*®. These 3D workstations need to be
intuitive, “user-friendly”, and integrate dedicated
workflows for standard and complex EVAR. With
the uprising of modern hybrid rooms, fusion ima-
ging is used routinely by endovascular therapists.
It has been associated with significant reduction
of X-ray exposure and contrast-medium injection
during endovascular procedures™, and provides
a continuous guidance that facilitates complex
procedures. However, no workstation offers a
continuous workflow incorporating endograft
sizing and procedure planning, including fusion
mask preparation. Currently, a new 3D imaging
analysis is required the day of the procedure, re-
sulting in additional work, and a loss of time and
information that was already available during
the planning process. To overcome this clinical
need, a new workflow integrating endograft con-
ception, procedure planning and fusion prepara-
tion on a unique 3D workstation (Flight plan for
EVAR, Advantage Windows, GE Healthcare) was
developed. The aim of this study was to evaluate
that the planning process for complex EVAR inte-
grated into this new 3DWS workflow was similar
compared with the standard planning in term of
measurements reproducibility.

Patients and Methods

Study Group

Pre-operative computed tomography (CT)
scans of all patients who underwent endovascular
repair for juxta-, para-renal or thoraco-abdominal
aortic aneurysms using fenestrated endografts
(f-EVAR) at a single institution between January
and September 2014, were retrospectively analy-
zed. Patients with aortic dissection, patients tre-
ated with devices including branches or patients
with a preoperative CT scan with slice thickness
greater than 1.00 mm or poor injection quality
were excluded. All endografts were provided by
the same manufacturer (Cook Medical, Bloomin-
gton, IN, USA). The Ethical Committee approved
this retrospective study. Written informed consent
for the procedure was obtained from all patients.

Imaging Analysis

For each patient, imaging analysis was perfor-
med on two different workstations: Aquarius (Te-
raRecon, San Mateo, CrA, USA) and EVAR Assist
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(Advantage Windows, GE Healthcare, Chalfont,
UK) (EA-AW). The first step consisted of automatic
reconstructions of the aorta in multiplanar (MPR),
maximum intensity projection (MIP) and 3D volu-
me rendering (VR) reconstructions. Centerlines of
flow (CLF) were then automatically generated for
the aorta and its main branches. CLF were always
checked and manually edited if required. The third
step was the creation of a “stretched view” from
the CLF to perform accurate lengths and diame-
ters measurements. This “stretched view” image is
rotated on its centerline axis to accurately identi-
fy the center of each target vessel ostium. Target
vessels “clock positions” were measured on cross-
section views, perpendicular to the CLE. The su-
perior mesenteric artery ostium clock position was
defined as the 0° position. Image analyses and data
collection were performed independently by three
endovascular surgeons experienced in aortic en-
dograft planning (G.T., A.H., and T.M.G.), accor-
ding to a standardized protocol. Variables listed in
Table I were measured. Distances involving tar-
get vessels were measured from the center of the
ostium of each vessel, with the exception of hypo-
gastric arteries where the top of the vessel origin
was considered (Figure 1). All measurements were
compared to those provided by the planning center
(PC) that designed the fenestrated endografts of
the patients enrolled in this study. This study was
conducted according to the STARD (Standards for
Reporting of Diagnostic Accuracy) initiative for
diagnostic accuracy’.

Statistical Analysis

Continuous variables were expressed as mean
with standard deviation (SD) or median with ran-
ge, according to data distribution (parametric
or nonparametric, respectively). For continuous
variables, inter-observer reliability was assessed
between each operator on the Aquarius work-
station using interclass correlation coefficients
(ICCs), and variation between data sets was com-
pared by calculating the mean pair difference for
each data point and averaging them for the data-
set comparison. Comparisons between observers
were made with ANOVA test for continuous va-
riables. Mean score between the three observers
was compared with post-hoc comparisons using
the Tukey HSD test. External assessment was
performed by direct comparison between the me-
ans of the three operator’s measurements and data
provided by the planning center on the Aquarius
workstation. The EA-AW workstation accuracy
was evaluated by correlation assessment between
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Table I. List of the different measurements performed on the 3D workstations.

Variables of interest Definition

R1 Distance from the SMA to the right renal artery*

R2 Distance from the SMA to the left renal artery*

iRR Distance between renal arteries

L1 Distance from the lowest renal artery to the aortic bifurcation

L2 Distance from the aortic bifurcation to the right hypogastric artery

L3 Distance from the aortic bifurcation to the left hypogastric artery

D1 Maximum aortic diameter 20mm above the SMA ostium

D2 Right common iliac artery diameter (10mm above the iliac bifurcation)
D3 Left common iliac artery diameter (10mm above the iliac bifurcation)
cp-CT Celiac trunk clock position

cp-RR Right renal clock position*

cp-LR Left renal clock position*

In the setting of two ipsilateral renal arteries, the lowest was considered.

Figure 1. Para-renal abdominal aortic aneurysm morphometry: (@) diameters and length measurements () screen captures
of a semi-automatic sizing performed on an Aquarius 3DWS (TeraRecon, San Mateo, CA, USA) (¢) and on EVAR Assist (Ad-
vantage Windows, GE Healthcare, Chalfont, UK).

measurements on both workstations for each ope- Results

rator. A p-value < 0.05 was considered as stati-

stically significant. Complete agreement between Among the 51 consecutive patients treated by
operators was defined as 1.0. Statistical analysis f-EVAR during the study period, 29 patients ma-
was performed using SPSS version 22.0 (IBM tched the inclusion criteria. Excluded patients were:
Armonk, NY, USA). — 4 dissections aortic disease;
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Table II. Reproducibility between operators — Measurements were performed on 29 preoperative CT-scan by three
independent operators on the Aquarius workstation (Terarecon) (¥p <.0.0005 for all comparisons). ICC: Interclass Correlation
Coefficients, CT: Celiac Trunk, SMA: Superior Mesenteric Artery, RR: Right Renal, LR: Left Renal.

ICC (CI 95%)*
Measure Operators
1vs. 2 1vs. 3 2vs.3
Clock Positions (Absolute value) CT .80 (.58 - .91) 84 (66-.92) .83(.63-.92)
SMA .81 (.59-.91) .81 (.60-.91) .87 (73-.94)
RR .81 (.59-.91) .86 (.71-.93) .70 (.36- .86)
LR .82 (.62-.92) .90 (.78-.95) 73 (42-.87)
Clock positions (SMA at 0°) cp-CT .89 (.78-.95) .82 (.62-91) .79 (.55-.90)
cp-RR .81 (.59-.91) .70 (.37-.86) .62 (.20-.82)
cp-LR .81 (.59-.91) .81 (.60-.91) 75 (47-.88)
Distances between SMA renal arteries R1 .94 (.88-.97) .98 (.96-.99) .93 (.86-.97)
R2 .99 (.97-.99) .99 (.97-.99) .98 (.96-.99)
iRR .94 (.86-.97) .95 (.96-.99) .94 (.86-.97)
Aortic and iliac diameters (sealing zones) D1 74 (46-.88) 91 (.81-.96) .76 (.50-.89)
D2 .97 (.94-.99) .95 (.90-.98) .93 (.84-.96)
D3 .89 (.78-.95) .92 (.84-96) .76 (.50-.88)
Distance from the lowest renal to the aortoiliac bifurcation L1 .96 (.92-.98) .99 (.98-.99) .95 (.90-.98)
Common iliac lengths L2 .97 (.95-.99) .99 (.98-.99) .97 (.95-.99)
L3 .98 (.95-.99) .98 (.97-.99) .96 (91-.98)

— 16 patients with insufficient CT scan quali-
ty for the present study (slice cut > 1 mm or
poor quality of injection).

The patients enrolled were 25 man and 4 wo-
men, respectively. The average age was 71.09
years (range 65-78 years). All cases were trea-
ted for aneurysmal disease of abdominal aorta
(> 6 cm).

1) Reproducibility between operators: compa-

rison operator to operator on the Aquarius
workstation (Internal assessment)
Internal assessment on the Aquarius workstation
showed no statistical difference between the three
operators regarding aortic and iliac diameters at
the sealing zones (respectively D1, D2 and D3),
clock position of each target vessel or lengths of
interest (RR1, RR2, IRR, L1, L.2 and L3). Corre-
lations values are provided Table I1.

2) Reproducibility between operators and refe-
rence measurements (External assessment)
No statistical difference was depicted between
mean values measured by the three operators
and data provided by the planning center on the
Aquarius workstation (Table III).

3) Comparison between the two workstations
(Intra-observer variability between Aquari-
us and EA-AW)

Interclass correlation between measurements
on the two workstations for each operator was
respectively 0.918, 0.816, and 0.816 (Table IV).
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Inter-observer Variability

Inter-observer agreement was found to be al-
most identical when comparing mean measures
performed by the three operators on both work-
stations (Table V).

Diameters Analyses

Mean values of the aortic diameter at the proximal
sealing zone measured by the three operators on the
EA-AW, the Aquarius and provided by the planning
center were 29.72 (+/- 3.25) mm, 29.34 (+/- 3.36) and
29.92 (+/- 2.97), respectively. ANOVA did not reve-
al any statistically significant difference between
the three groups (F = 0.25; p = 0.78). An indepen-
dent-samples #test was conducted to compare aortic
diameters between measurements performed on the
EA-AW and the Aquarius by the operators. There
was no significant difference in scores (p = .66). Si-
milarly, there was no significant difference in scores
for right (p = .64) and left (p = .65) iliac diameters.

Lengths Analyses

No difference was depicted between operators
on the two workstations regarding the mean va-
lues of the infrarenal aorta (L1) (p = 0.80) or the
right common iliac artery (L2, L3) (p = 0.75) and
the left common iliac artery lengths (p = 0.98).

Clock Position of Target Vessels
There was no significant variation in clock-po-
sition measurements between operators on the
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Table Ill. Correlation between the operators (mean value for the 3 operators) and data provided by the planning center.
(*p <.00005 for all comparisons). ICC, interclass correlation coefficients. CT: Celiac Trunk, SMA: Superior Mesenteric

Artery, RR: Right Renal, LR: Left Renal.

Measures

ICC (CI 95%)*

Clock Positions (Absolute rate)

Clock positions (SMA °0)

Distance between SMA renal arteries

Aortic diameter (proximal sealing zone)

CT
SMA
RR

cp-CT
cp-RR
cp-LR
R1

R2
iRR
D1

87 (71-.94)
91 (.80-.96)
83 (.64-.92)
89 (.75-.95)
86 (.69-.93)
79 (.55-.90)
88 (.74-.94)
94 (.87-97)
97 (.93-.98)
85 (.67-.93)
88 (78-.94)

Table IV. Comparison of mean values per operator between the two workstations (intra-observer variability between
Aquarius and AW) (¥p <.00005 in all comparisons). ICC, interclass correlation coefficients. CT: Celiac Trunk, SMA: Superior

Mesenteric Artery, RR: Right Renal, LR: Left Renal.

ICC (CI 95%)*
Observers
Measure 1 2 3
Clock positions (SMA at 0°) cp-CT .99 (.99-1.0) .99 (.99-1.0) .88 (.76-.94)
cp-RR .82 (.60-.91) .98 (.96-.99) .90 (.79-.95)
cp-LR .86 (.70-.93) .99 (.99-1.0) 91 (.81-.96)
Distance between SMA renal arteries R1 .95 (.90-.98) .95 (.89-.98) .93 (.85-.97)
R2 .92 (.82-.96) .91 (.80-.96) .92 (.83-.96)
iRR .90 (.79-.96) .89 (.75-.95) .90 (.79-.95)
Aortic and iliac diameters (sealing zones) D1 .89 (.73-.95) .88 (.65-.95) .92 (.82-.96)
D2 .96 (.92-.98) .94 (.88-.97) .98 (.96-.99)
D3 .92 (.84-.96) .90 (.7;9-.95) .89 (.66-.92)
Distance from the lowest renal to the aortoiliac bifurcation L1 .83 (.63-.92) 75 (46-.88) .99 (.98-1.0)
Common iliac lengths L2 .99 (.98-1.0) .99 (.97-.99) .96 (.92-.98)
L3 .99 (.97-.99) .97 (.93-.98) .99 (.99-1.0)

Table V. Correlation between mean values of the three operators on both workstations (*p < .00005 for all comparisons).

CT: Celiac Trunk, SMA: Superior Mesenteric Artery, RR: Right Renal, LR: Left Renal.

Measure

Correlation (IC95%)

Clock Positions (Absolute rate)

Clock positions (SMA at 0°)

Distance between SMA renal arteries

Aortic and iliac diameters (sealing zones)

CT
SMA
RR
LR
cp-CT
cp-RR
cp-LR
R1

R2
iRR
D1

D2

D3

91 (.81-.96)
88 (.76-.95)
91 (81-.96)
82 (.62-92)
95 (.88-.97)
81 (.60-.91)
77 (51-.89)
97 (.95-.99)
99 (.97-.99)
97 (.94-.99)
95 (.90-.98)
98 (.96-.99)
95 (.88-.97)




G. Tinelli, A. Hertault, T. Martin Gonzalez, R. Spear, R. Azzaoui, J. Sobocinski, et al.

Software
40.00
O AdvantageWindows
o Aquarius
L Planning center
o)
o
30.00 o]
< Lo
% o
£ 25 o
= O
.2 S y: o8
c €
.0 20.00 o go
= ° )
‘S &0 o
o ¢ &
[-% D
ﬁ S0 Qgﬁ
K- o) O
(8] o DEQ
10.00] o
Co
(efeo)
0
(o}
P (o)
007
T T T
00 100.00 300.00

Degrees

Figure 2. Schematic overview of renal artery positions (with the SMA at 0°, i.e.12 o’clock position) measured by the three
operators on the EA-AW, the Aquarius and provided by the planning center. SMA: Superior Mesenteric Artery, AW: Advan-

tage Windows.

two workstations, with ICC at 0.88 (0.76-0.95) for
the SMA, 0.91 (0.81- 0.96) for the RRA and 0.82
(0.62-0.92) for the LRA, respectively. The median
and interquartile range was 77.3 (72.2-82.5) de-
grees for the left RA and 289.3 (277.5-295.0) de-
grees for the right RA. ANOVA did not reveal any
statistically significant differences between two
software and the planning center data (F = 0.95;
p = 0.45). Mean length (and SD) for right renal
to SMA measured with the EA-AW, the Aquarius
or by the PC, were 15.11 (+ 5.40), 15.11 (= 5.94)
and 14.41 (= 5.50) mm, respectively. The ANO-
VA test did not reveal any statistically significant
differences between groups (F = 0.03; p = 0.97).
Likewise, no differences were found for left re-
nal to SMA length: 20.01 (+ 8.74), 20.18 (x 9.48)
and 17.41 (£ 9.36) mm, respectively (F = 0.81; p
= 0.45). A schematic overview of renal arteries
positions assuming the SMA is at 0° (12 o’clock
position) is presented in Figure 2.

Discussion
Planning of complex endografts for the treatment
of aortic aneurysms is a challenging process that

requires high quality pre-operative imaging, access
to a dedicated 3D workstation and experience. Each
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step requires human interaction, and is therefore
associated with a risk of error. Therefore, standar-
dization and computer-assisted semi-automation of
this process is useful to ensure reproducibility and
reduction of error margins. To perform an accurate
sizing, good quality preoperative CT-scan is manda-
tory (I mm slice- thickness with an arterial phase).
Analysis of consecutive axial slices on a standard
computer can be used to confirm the diagnostic of
aortic aneurysm. A quick analysis of the aortic ana-
tomy is possible, but fine analyses of the anatomy to
check the feasibility of an endovascular repair requi-
re post-treatment of the axial raw images. The use of
3DWS to analyze preoperative images and to per-
form a reliable planning is now considered a stan-
dard of care"*'. The first step is usually based on a
multiplanar and 3D reconstructions analysis. Multi-
planar reconstructions provide a rapid overview of
the aneurysm anatomy in axial, sagittal and coro-
nal views. 3D reconstructions are useful to evaluate
tortuosity and calcifications. It provides physicians
with a first opinion regarding treatment options and
endovascular accesses. Planning of an endograft is
usually performed with manual or semi-automated
generation of centerlines of flow (CLF) to avoid pa-
rallax error®''2. CLFs will be used to check len-
gths and diameters of the landing zones, and of the
endograft, with reproducible measurements betwe-
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en operators. Preoperative computed tomography
angiography (CTA) image fusion with live fluo-
roscopy provides a “3D roadmap” that facilitates
endovascular navigation and endograft implanta-
tion'*!. Fusion has shown to reduce dose and con-
trast loads during standard and complex EVAR™.
Endograft planning and fusion mask preparation
share a common basis of preoperative images
analysis work. During endograft planning, expe-
rienced physicians can anticipate many difficulties
that could occur during the procedure, such as a
tough access to a target vessel due to the presence
of calcifications at its origin. However, most of that
information is usually lost between the endograft
planning and the day of the procedure because they
are performed at two different times. This results in
additional work and loss of time and information.
A new software tool package was recently introdu-
ced on the EA-AW workstation. Unlike traditional
radiology software tools for vessels measuremen-
ts, this one was designed in collaboration with our
group to fit well with endovascular surgery daily
practice. This integrated solution includes both the
sizing process and the preparation of the fusion
masks and of “best working positions” of the gantry
to facilitate regular and complex EVAR procedu-
res (Flight plan for EVAR, GE Healthcare). It was
mandatory to check that the sizing tool was “as ac-
curate” as our gold standard Aquarius software. In
this study, intra and inter observer variability were

?z
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really low, confirming the reliability of the different
operators. The ICC comparisons between EA-AW
and Aquarius were excellent (> 0.8 for both), thus
confirming the reproducibility and reliability of the
new EA-AW application. Indeed, aortic and iliac
necks diameters and lengths were similarly repor-
ted with both workstations, and variations in tar-
get vessel measurements for fenestrated stent-graft
planning were even less than previously reported in
the literature®. One of the major advantages asso-
ciated with this new workflow is the integration of
planning steps for the procedure, in addition to the
endograft planning tool. After conception of the en-
dograft, the operator is invited to design the fusion
masks of the bone and vascular structures that will
be superimposed to the fluoroscopic images during
the procedure. Moreover, all information collected
during the endograft planning, such as the best wor-
king positions to get access to a target vessel, for
example, or the location of a reentry tear in a chro-
nic dissection case (Figure 3), can be implemented
onto the fusion mask and stored until the day of the
procedure.

Conclusions
Direct comparison of this new software to a

dedicated and trusted workstation showed good
intra and inter-operators correlations, suggesting

Figure 3. Fusion masks are automatically generated at the end of the endograft planning (EVAR Assist). All information col-
lected during the previous phases, such as the best working angulations or planning lines for the origin of target vessels or re-
entry tears (in dissection cases) are implemented onto the 3D vascular model fa/ and stored until the day of the procedure /b).
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that it is applicable in clinical practice for desi-
gning complex aortic endografts. Moreover, the
major input of this new software is represented by
the integrated workflow from endograft sizing to
procedure planning that should avoid loss of time
and information between phases.
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