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ABSTRACT

Objectives - In emergency endovascular repair (EVAR) of ruptured aneurysms of the aorta (rAAA), 
anatomical suitability has to be determined. Semi-automatic three-dimensional assessment 
of the aortoiliac arteries has the potential to standardise measurements. This study assesses 
the fitness for purpose of such a semi-automatic approach for ruptured AAA and studies the 
interobserver agreement on suitability.

Methods - Inter-observer study with 6 trained observers (4 vascular surgeons, 2 radiologists) 
blindly assessing pre-operative CTA scans of 50 consecutive patients with rAAA. A central lumen 
line (CLL) was generated and perpendicular diameters, length along the CLL and EVAR suitability 
were determined using dedicated sizing software (3-mensio, The Netherlands). Success of 
generating a CLL, time of assessment and interobserver agreement was determined. 

Results - In the majority of the patients (median 76%, range 64-78%) a CLL was semi-automatically 
generated. The median duration of CLL generating and performing measurements was 7.5 
minutes (IQR 5.5–10.6). Agreement on suitability was moderate for the entire group (Fleiss’ 
κ=0.55 CI:0.48-0.62) and ranged from moderate to good (Cohen’s κ 0.40 to 0.72) between 
observer pairs. 

Conclusions - Assessing EVAR suitability of rAAA patients using dedicated sizing software 
is possible in the majority of patients. The measurements can be performed in a reasonable 
amount of time and the agreement of suitability for EVAR in patients with a rAAA is moderate. 
Improvements and additional research are necessary to replace the current axial measurement. 
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 INTRODUCTION

Assessment of anatomical suitability is important for patient selection for emergency 
endovascular aneurysm repair (EVAR) in patients with a ruptured aneurysm of the abdominal 
aorta (rAAA)1. Assessment of EVAR suitability requires a number of measurements and 
morphological evaluations on computed tomography (CT) images. In patients with a ruptured 
aneurysm, fast and accurate assessment of the aortic anatomy is required.
Suitability for EVAR, i.e. the assessment of anchoring sites, vessel lengths, and diameters is 
usually determined by two-dimensional (2D) inspection of axial CT slices. Accurate measuring of 
vessel diameters and lengths is important for determining the right size of graft. Although axial 
measuring is done according to a standardized protocol, diameters measured without using a 
central lumen line (CLL) may be imprecise because of the oblique angle the axial planes make 
with the direction in which the arteries run 2. 
Three-dimensional (3D) sizing software, allows the semi-automatic generation of a CLL and 
measuring diameters perpendicular to the vessel axis. Measuring using a CLL results in more 
accurate measurement of vessel lengths and diameters3. Analysis with this sizing software also 
has the potential to allow more reproducible measurements.
The aim of this study was to determine the fitness for purpose of semiautomatic sizing software 
for emergency EVAR including the interobserver agreement on measurements and suitability 
for EVAR.

METHODS

Fifty consecutive patients with final diagnosis of rAAA presented at two academic hospitals 
(Academic Medical Centre (A), VU Medical Centre (B), Amsterdam, The Netherlands) between 
August 2008 and August 2010 were included. A rAAA was defined as haemorrhage outside of the 
aneurysmal wall in a patient presenting with symptoms consistent with a rAAA. The suitability 
for emergency EVAR was retrospectively assessed by 6 observers using dedicated sizing software 
(3mensio Vascular, 3mensio, Bilthoven, The Netherlands). The software automatically detects 
the contrast filled arteries and determines the CLL. The CLL is represented by a set of centre 
points that are displayed in axial, sagital and coronary slices, which can be adjusted if necessary. 
Diameters along this CLL are subsequently presented. (figure 1)
The 6 observers consisted of 2 vascular surgeons and an interventional radiologist who were 
highly experienced in the emergency EVAR procedure, and 2 surgeons and a radiologist who were 
less experienced. A consensus meeting was held in advance to obtain agreement on measuring 
methods and definitions of suitability. The criteria and definitions for suitability were based on 
the latest elective guidelines4;5 but were slightly more liberal (table 1). In our centres during  
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the investigated period, a uni-illiacal graft with crossover bypass was the preferred method. 
This was chosen because of the broad implementation possibilities and quick control of the 
haemorrhage. For this study a bifurcated graft was also allowed if the anatomy and condition 
of the patient allowed for it. Before the actual measurements, all observers were familiarised 
with the software by analysing 10 CT scans supervised by a trained observer. The observers 
were blinded to demographic and clinical patient data and assessed all scans individually. For 
the analysis we loaded the preoperative CT scans (scanning protocol in appendix) in a dedicated 
workstation. 

Table  1 Criteria used to determine anatomical suitability for endovascular repair

Characteristics of a suitable infrarenal anchoring segment with
 length of at least 10mm 
 diameter of 17-32mm
 overall diameter change of <10mm
 ≤ 60 angle between suprarenal aorta and anchoring segment
 ≤ 70 angle between anchoring segment and aneurysmal axis
no obstructing calcifications, tortuosity or thrombus

 suitable iliac anchoring segment
 iliac diameter of 7-22mm
 suitable iliac anchoring segment of at least 10mm in length
 least one iliac artery should be able to accommodate an endograft
obstructing calcifications, tortuosity or thrombus

suitable femoral access

The fitness for purpose of semiautomatic software for emergency EVAR was determined by 
the success rate of CLL generation and the time for complete assessment. CLL generation was 
considered successful if it was performed semi-automatically. The duration of the assessment 
was defined as the time of generating a CLL and performing all measurements. The inter-observer 
agreement for measurements, the presence of adverse anatomical features, and suitability for 
EVAR were assessed.
The percentage of patients considered suitable for EVAR (suitability rate) as determined using 
the software was compared with the actually decisions in the acute clinical situation when these 
patients were presented. The suitability rate of these patients at presentation was determined 
by prospectively collected clinical reports for the Amsterdam Acute Aneurysm trial6;7, combined 
with radiologists’ reports. 
Permission of the medical ethics committee was given for this retrospective analysis of 
anonymous patient data. No informed consent was required because no diagnostic tests other 
than routine clinical imaging were used in this study.
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Measuring protocol 
A CLL was semi-automatically generated by a series of software-guided interactive steps 
(Figure 1). If the CLL thus generated was considered inaccurate, it was corrected manually by 
adjustments of the centreline points. If semi-automatic generation failed entirely, a manual CLL 
was created. If manual CLL generation was unsuccessful, measurements were performed on 
axial images only. 
Six diameter- and five length measurements were performed, (Figure 2). Diameters were 
measured perpendicular to the CLL and the length was measured along the CLL. The widest 
and narrowest diameters in the infrarenal neck were measured. All diameters were measured 
from outer wall to outer wall. The infrarenal aortic neck was defined as the segment of the aorta 
between the most distal renal artery and the aneurysm. The aneurysm was defined as the start 
of the main distension of the aorta, ignoring minor dilatations or bulges. If the aorta near the 
caudal renal artery was already aneurysmatic, the diameter at this level was measured. 
The narrowest and widest diameter of each common iliac artery (CIA) was measured. A landing 
zone in the CIA was preferred but extension to a suitable landing zone in the external iliac 
artery (EIA) was also allowed. In this case it was recorded and the diameter of the EIA was also 
measured. The length from the most distal renal artery to the start of the CIA and to the iliac 
bifurcations was measured on both sides. 
The angle between the suprarenal and juxtarenal axis and the angle between the juxtarenal axis 
and the long axis of the aneurysmal sac was measured based on the description of van Keulen 
et al8. 
Finally, the images were inspected for any anatomical limitations that would impair EVAR. If 
femoral access was impossible, or if circumferential calcifications (>50%), extensive thrombus 
(<50%) or severe iliac tortuosity were present this was recorded. Only the highest gradation of 
impeding factors for elective repair was considered as a limitation for emergency EVAR.4;5 If the 
patient was considered unsuitable for EVAR the main reason was recorded. 

Statistics
The interobserver agreement of the 6 observers on dichotomous variables (possibility of 
generating a semiautomatic CLL, presence of anatomical limitations, EVAR suitability) was 
expressed by Fleiss’ kappa. Agreement on suitability between observer pairs was expressed by 
Cohen’s kappa.9;10 Agreement on continuous measurement such as neck length was expressed 
by intraclass correlation coefficients (ICC)(two way, mixed random effect model). Kappa values 
were interpreted in levels of agreement ranging from poor (K=0 to 0.20), fair (K=0.21 to 0.40), 
moderate (K=0.41 – 0.60), good (K=0.61 – 0.80) to perfect (K=0.81 to 1) as proposed by Koch 
and Landis11. We used SPSS Statistical Software (IBM, PSAW SPSS, release 18.0.2) and StatsDirect 
statistical software (version 2.7.8) for all calculations.
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Figure 1 CLL generation and measurment of diameter and lengths
1a. central lumen line generation is based on the automatic detection of contrast filled arteries, in which 
the center point is determined automatically 1b. the diameters are automatically generated and can be 
adjusted manually, the diameter is of the generated circle is calculated 1c. the stretched representation of 
the central lumen line along which lengths can be measured. the corresponding diameter is visualised on 1b



SEMIAUTOMATIC EVAR SUITABILITY ANALYSIS

 
81

Figure 2 Measuring protocol
In total 6-8 diameters and 5 lengths along the central lumen line were measured. The widest (d1) and 
narrowest diameters (d2) in the infrarenal neck were measured. The infrarenal aortic neck (L1) between 
the most distal renal artery and the aneurysm. The narrowest (d3, d5) and widest (d4, d6) diameter of each 
common iliac artery (CIA) was measured. A landing zone in the CIA was preferred but extension to a suitable 
landing zone in the external iliac artery (EIA) was also permissible (d7, d8). The length from the most distal 
renal artery to the start of the CIA (L2, L4) and to the iliac bifurcations (L3, L5) was measured on both sides. 
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RESULTS

CLL generation 
The semi-automatic CLL generation was successful in the majority of patients. The success rate 
of different observers ranged from 64% (32 of 50) to 78% (39 of 50) and had a median of 76%, 
(38 of50). In total 300 assessments (6x50) were made, of which in 221 assessments (74%) a CLL 
was generated semiautomatically and in 51 assessments (17%) a CLL was generated manually. In 
18 of 300 assessments (6%) no CLL could be created, and in 10 assessments (3%) the way of CLL 
generation was not recorded. (Table 2) Semiautomatic CLL generation had a good interobserver 
agreement (k=0.68, 95%CI 0.60-0.76). 
In all 50 patients at least one observer was able to generate a manual CLL. In 6 of 50 patients 
no observer could semi-automatically generate a CLL. Inspection of the CT scans in which 
semi-automatic CLL generation failed, revealed that in most of the patients a lack of distal 
contrast enhancement in the infrarenal arteries was present. Motion artefacts, active contrast 
extravasation, and interfering thrombus were additional causes impairing a semiautomatic CLL 
generation.

Duration
The median duration of both generating a CLL (if possible) and performing measurements was 
7.5 minutes (IQR 5.5-10.6) in all 300 assessments. The median duration of the 221 assessments in 
which a semi-automatic CLL was generated was 7 minutes (IQR 5.5–9.5), which was significantly 
less (p<0.001) compared to the 11 minutes (IQR 8.5 – 13.9) necessary to assess the cases in 
which a manual CLL had to be generated. 

Table 2 CLL generation and duration of assessment

CLL generation Number of 
assessments (%)

Duration of assessment, 
minutes, median (IQR)

semi-automatic 221 (74 %) 7.0    (5.5 – 9.4)
manual 51   (17 %) 11.0  (8.5 – 13.9)
not possible 18   (6 %) 5.0    (3.0 – 6.2)
not recorded 10   (3 %) -
all assessments 300 (100%) 7.5    (5.5 – 10.6)

Number of assessments in which a semiautomatic central lumen line (CLL) was generated and corresponding 
median duration of generating a CLL and assessment.
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Measurements 
Interobserver agreement on the infrarenal diameter measurements was moderate (ICC 0.49 
and 0.59, Table 3). The diameter measurements of the iliac arteries showed good to almost 
perfect interobserver agreement (ICCs ranging from 0.73 to 0.89). Interobserver agreement on 
the length of the infrarenal neck, distance from the renal arteries to the CIA, and distance from 
the renal arteries to iliac bifurcation was good (ICC; 0.75, 0.70 and 0.65 to 0.82). Interobserver 
agreement on suprarenal aortic angle was fair and on infrarenal aortic angle measurements 
moderate, with ICCs of 0.38 and 0.46 respectively. Circumferential calcifications, extensive 
thrombus, severe tortuosity, or impossible femoral access was observed in 12%, 8%, 5% and 
3% of the 300 assessments respectively. Interobserver agreement on the presence of these 
impeding factors was poor or slight with group kappa values ranging from 0.08 to 0.20 (Table 3).

Table 3 Group agreement of all 6 observers on measured variables.

Agreement Agreement      95% CI

generating a semiautomatic CLL (Fleiss’ k) 0.68 0.60-0.76
individual measurements (ICC)

infrarenal neck
narrowest diameter 0.59 0.44-0.73
widest diameter 0.49 0.33-0.66
neck length 0.75 0.64-0.83

iliac artery right
narrowest diameter 0.73 0.61-0.83
widest diameter 0.87 0.80-0.92
length to aortic bifurcation 0.70 0.58-0.81
length  to iliac bifurcation 0.82 0.72-0.89

iliac artery left
narrowest diameter 0.81 0.71-0.88
widest diameter 0.89 0.83-0.93
length  to aortic bifurcation 0.70 0.57-0.80
length to iliac bifurcation 0.65 0.51-0.78

aortic angles
angle suprarenal/neck 0.46 0.30-0.64
angle neck/aneurysm 0.38 0.21-0.57

presence of impairing features (Fleiss’ k)
extensive thrombus 0.20 0.11-0.29
circumferential calcifications 0.19 0.10-0.27
severe tortuosity 0.16 0.07-0.25
impossible access 0.08 -0.01-0.17

suitability for EVAR (Fleiss’ k) 0.55 0.48-0.62

Agreement on diameter and length measurements are represented as intraclass correlation coefficients 
(ICC).  Agreement on dichotomous decisions and suitability (yes/no) are represented as Fleiss’ kappa values 
for group agreement. 
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Suitability
The agreement on suitability of individual observer pairs ranged from 35 to 42 out of 50 
patients, with fair to good agreement between observer pairs (Cohen’s kappa values between 
0.40 and 0.72, Tables 3 and 4). All 6 observers agreed on EVAR suitability in 25 of 50 patients (10 
suitable/15 not suitable). The corresponding group inter-observer agreement on EVAR suitability 
was moderate (Fleiss’ kappa 0.55, 95%CI 0.48-0.62). 
The number of patients considered suitable ranged from 19 to 30 (38-60%, Table 4). The 
median number of patients considered anatomically suitable was 25 (50%). The most commonly 
reported reason for unsuitability was unsuitable infrarenal anatomy (115 of 300 assessments). 
Other reasons for unsuitability were; combined unsuitable infrarenal and iliac anatomy (18 of 
300), unsuitable iliac anatomy (11 of 300), major thrombus in the infrarenal segment (2 of 300). 
In 6 assessments no specific reason for unsuitability was recorded. 
In the acute clinical situation in the emergency room before surgery, 38% (19/50, 95%CI:26-52) 
of these patients were considered suitable for EVAR. This rate was not significantly different 
from the rate in this study (median of 50%, p=0.17). Most patient were considered unsuitable 
because of an unsuitable infrarenal segment. Clinical results from our prospective cohort have 
been previously published.7

Table 4, agreement between individual observers on the suitability for EVAR in patients with rAAA

number of agreed 
patients (a) 1 2 3 4 5 Suitable 

yes/no
1.experienced 
vascular surgeon x 25/25

2.experienced 
vascular surgeon 42 (23/19) x 29/20/1

3.vascular surgeon 38 (16/22) 36 (17/19) x 19/31
4.vascular surgeon 39 (22/17) 42 (26/16) 37 (18/19) x 30/20
5.experienced 
radiologist 36 (18/18) 38 (21/17) 36 (15/21) 37 (21/16) x 25/25

6.radiologist 41 (18/23) 40 (20/20) 39 (14/25) 38 (19/19) 35 (15/20) 20/30

kappa values (b) 1 2 3 4 5 Suitable 
yes/no

1.experienced 
vascular surgeon  x 25/25

2.experienced
vascular surgeon 0.72(.44-.99) x 29/20/1
3.vascular 
surgeon 0.52(.25-.79) 0.49(.24-.75) x 19/31

4.vascular 
surgeon 0.56(.29-.83) 0.70(.42-.98) 0.50(.25-.76) x 30/20
5.experienced 
radiologist 0.44(.16-72) 0.55(.28-.83) 0.44(.17-.71) 0.48(.21-.75) x 25/25

6.radiologist 0.64(.37-.91) 0.65(.38-.91) 0.54(.26-.81) 0.54(.28-.79) 0.40 
(.13-.67) 20/30

(a) the absolute number of patients on which was agreed is displayed, with the number of suitable and 
unsuitable patients agreed on in parenthesis. (b) Cohen’s kappa values with 95% confidence interval.
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DISCUSSION

This study showed that semi-automatic CLL generation was possible in the majority of rAAA 
cases (median 76%, range 64-78%). The median duration of generating a CLL and assessing 
suitability was 7.5 minutes (IQR 5.5–10.6). The interobserver agreement on eEVAR suitability of  
all six observers was moderate (k=0.55, 95%CI 0.48-0.62).
The software used in this study was designed for planning and measuring for elective aneurysm 
repair. Its use for follow-up measurements or suitability assessment has been reported in several 
studies of non-ruptured AAA.3;12;13 In this study in patients with ruptured AAA, low distal contrast 
concentration and inadequate opacification was observed in patients making semi-automatic 
CLL generation impossible. Rupture of the aneurysm with haemodynamic shock and low cardiac 
output is likely to contribute to this effect. Although the scan was triggered once a threshold 
level of contrast is achieved, the scanner may move faster than the contrast volume in these 
hemodynamically compromised patients. The success of CLL generation could be improved by 
optimizing the scanning protocol for patients with low cardiac output and possibly by an even 
more extensive training of the observers. However, because of the often poor hemodynamic 
condition of patients, the image quality is not likely to improve. Without time for a new scan, the 
suboptimal scans are simply a factor to deal with when treating rAAA patients.
In a hemodynamically unstable patient, a fast but considered decision on suitability for EVAR 
is necessary. The median duration of 7.5 minutes (IQR 5.5–10.6) for both generating the CLL 
and performing the necessary measurements seems acceptable for the acute situation. In 
approximately a quarter of all patients, manual CLL generation or axial measurements had to be 
performed because the initial CLL generation failed, leading to a second assessment, resulting in 
longer times of assessment. 

For most individual diameter and length measurements, a good to almost perfect agreement 
was observed with ICCs comparable to a previous study in a population of patients scheduled 
for elective AAA repair3. The low agreement on the final suitability in this study was therefore 
remarkable. The low agreement on infrarenal diameter, aortic angles and qualitative factors 
such as calcifications and other anatomic factors impeding EVAR could be causing the lower 
agreement of suitability. These measurements are considered important anatomical factors for 
the clinical outcome of patients treated with EVAR and the low agreement on these items is 
a drawback of the software1. It was hypothesized that semiautomatic standardisation would 
achieve a higher level of agreement on suitability than manual assessment on axial slices. The 
level of agreement observed in this study was higher than found in two previous studies in which 
axial slices were used ((k=0.55, 95%CI 0.48-0.62 versus k=0.3814 (95%CI: 0.24-0.51) and k=0.4115 
(no CI reported)). The agreement between individual observer-pair ranged from 0.40 to 0.72. 
The two more EVAR experienced vascular surgeons had the highest agreement on suitability. 
Experience in assessing EVAR suitability with axial imaging is likely to lead to an advantage in 
assessing suitability with 3D software as well. 
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Limitations
Because this was a study aimed at evaluating the possible use of the 3D software in rAAA 
patients, the measurements performed in this study could not be verified by clinical outcome. 
Furthermore, because some EVAR suitable patients were not operated on or were randomized 
for open repair, complications from erroneous measurements could not be identified. This was 
a retrospective study in a low-stress, elective setting without clinical consequences. This less 
stressful environment and working in accordance with a protocol may have resulted in a shorter 
duration of assessment, better contemplation of suitability and higher suitability rates. The time 
to import imaging from source files to the workstation was not included in this study, although 
this generally did not take more than a few seconds.
In this study, consecutive patients diagnosed with a rAAA who underwent CTA were included for 
assessment. However, patients in whom a CT-scan was not possible lie outside of the scope of 
3D software. These patients either need open repair, or assessment of suitability during surgery 
by use of an aortic balloon and angiography. 
The EVAR suitability criteria used in our study was based on the criteria used in the Amsterdam 
Aneurysm Trial. However, as these criteria in rAAA differ between centres and observers, other 
rates of suitability can be expected if these criteria differ.
Although the observers were trained and a protocol consensus was obtained, the low agreement 
of infrarenal diameter measurements and aortic angles could have resulted from variation in 
measuring technique or deviation from protocol. As previously concluded in a recent systematic 
review on 3D software, a generalised measuring protocol and strict adherence remains very 
important when assessing such a 3D approach.16 

This is the first study on semiautomatic software in patients with a ruptured AAA. An important 
clinical question is whether the current software should become part of the standard 
armamentarium. This is hard to answer and most surgeons and radiologists probably conclude 
that axial measurements on CT slices are still an acceptable and fast technique in patients with 
a ruptured aneurysm. Continuous improvement of the 3D software may result in a further 
reduction of the interobserver variation and an increase of the robustness.    

CONCLUSION

Assessing suitability for EVAR using dedicated sizing software is possible in the majority of 
patients with rAAA. The duration of assessment is acceptable in the majority of patients and a 
moderate agreement on EVAR suitability was observed.
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