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ABSTRACT 

The choice of preferred access route for transcatheter aortic valve implantation (TAVI) is 

mainly guided by the minimal aorto-femoral tract diameter. Currently, projection angiogra-

phy (XA) and CT-angiography (CTA) are used interchangeably to assess this diameter in the 

TAVI work-up. We aimed to assess the agreement of XA and CTA diameter measurements 

in TAVI candidates. Diameters of 700 aorta-iliac segments of 102 TAVI candidates were 

analyzed on both XA and CTA. The diameters on XA were measured manually, for the 

CTA-based analysis semi-automated segmentation software was used. Paired sample T 

test was used to evaluate differences in diameter measurements between the modalities. 

Disagreement on the suitability for a transfemoral (TF)-TAVI approach was identified. The 

interobserver agreement for both measurements was assessed by calculating the intraclass 

correlation coefficient (ICC). The average diameters were 10.1 ± 1.8 mm and 8.4 ± 1.7 for 

XA and CTA respectively. The mean paired difference was 1.73 mm (p < 0.001). For 18 pa-

tients (17.6 %) diameters measured on CTA images, were bilaterally less than 6 mm, whilst 

XA indicated a minimum diameter exceeding 6 mm. For both modalities, the interobserver 

agreement was excellent (ICC 0.95). Diameters measured semi-automatically on CTA were 

statistically significantly smaller compared to XA. This should be acknowledged in the 

work-up for selecting the most appropriate approach for TAVI. In our population 17.6 % 

of patients would have been denied a transfemoral TAVI based on CTA measurements, 

whilst XA suggested diameters sufficient for a TF approach.
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INTRODUCTION

For patients with high or prohibitive risk for conventional aortic valve replacement trans-

catheter aortic valve implantation (TAVI) has become the treatment of choice [1–4]. Cur-

rently more than 50.000 procedures have been performed worldwide [5, 6] the application 

of TAVI is expanding [7]. At present, 4 different approaches have been described; the 

most frequently applied transfemoral route, the transapical [8], transsubclavian [9], and 

transaortic [10] approach.

Patient and approach selection is crucial for successful outcomes after TAVI [11–13]. TAVI 

candidates are extensively screened to ensure appropriate patient selection, anatomical 

eligibility, and to optimize procedural success. A transfemoral access might be jeopar-

dized by poor vessel quality or small diameter in the aorto-femoral tract. Both the balloon 

expandable Edwards Sapien and the self expandable Medtronic Corevalve, the two TAVI 

systems with world-wide clinical application, are delivered retrograde during a transfemoral 

approach. The Corevalve is delivered through an 18 French (Fr) sheath, the earlier Sapien 

valves are delivered through a 22 Fr sheath for the 23-mm valve and a 24 Fr sheath for the 

26-mm valve. Currently, a 16 Fr eSheath may be used with the 23 mm SAPIEN XT, an 18 

Fr eSheath with the 26 mm SAPIEN XT and a 20 Fr eSheath may be used with the 29 mm 

SAPIEN XT transcatheter valve. The 18 Fr sheath requires a minimal arterial diameter of 6 

mm of the aorto-femoral tract for prosthesis delivery.

The main limitation for a transfemoral approach is the arterial diameter, while tortuosity 

and calcification also have been described as important determinants for the selected route 

[14, 15]. Currently, besides a minimal diameter larger than 6 mm, no clear guidelines for 

the assessment of femoral access suitability are set with respect to imaging modalities 

for tortuosity and calcification. In daily clinical practice, the segment with the smallest 

diameter is selected by visual estimation, and subsequently measured for transfemoral 

suitability.

In our institution, screening for TAVI includes a selective coronary and preferably an aortic 

angiography including the iliacofemoral tract. In addition to conventional angiography 

(XA), computed tomography (CTA) is routinely performed prior to TAVI, which offers a 

more detailed 3D image of the arterial calcification and vessel tortuosity [16, 17].

Currently, no gold standard for imaging modality to measure the vasculature diameters 

has been introduced. Conventional angiography of the aorta, iliac and femoral arteries 

has been described as a first screening modality to determine potential suitability for 

transfemoral TAVI [18]. However, to date XA and CTA are used interchangeably [19] for a 

detailed evaluation of aorto-femoral tract suitability.
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OBJECTIVE

The goal of this study is to quantitatively assess potential differences in aorto-iliac tract 

diameter measured by XA and CTA in TAVI candidates.

METHODS

All patients considered unsuitable for surgical AVR and eligible for TAVI underwent a sys-

tematic screening program. Between November 2008 and March 2012, 250 consecutive 

patients underwent a TAVI at our institution (Medtronic-CoreValve prosthesis transfemoral 

n = 131; Edwards SAPIEN prosthesis transfemoral n = 32, transapical n = 69, transaortic 

n = 18). The screening process prior to TAVI includes both CTA and XA imaging of the 

aorto-iliofemoral tract. All CT-scans were performed on the same Philips Brilliance 64 slice 

CT scanner scan; parameters were 120 kv, matrix 512, convolution kernel B. The chest, 

abdomen and pelvis were scanned using one bolus of 120 ml contrast Iomeron 400, 

intravenously infused at a rate of 5 ml/s. The angiograms were performed using either 

the monoplane angiographic C-arm Integris or Allure system (Philips Healthcare, Best, the 

Netherlands). Angiography of the descending aorta was performed from the diaphragm 

to the bifurcation and angiography, angiography of the femoral-iliac vasculature bilateral 

to the head of the femur. 20 ml Hexabrix 320 contrast was infused at a rate of 20 ml/s.

Reasons to deviate from this extensive screening included emergency procedures, severe 

renal dysfunction, and contrast allergy. Both preprocedural angiography and computed to-

mography were available for 174 patients. Images with insufficient contrast to adequately 

perform all measurements as well as images performed at other hospitals were excluded. 

For only 102 patients bilateral XA imaging of the aorto-iliofemoral tract was available, 

which were all included for analysis. The Institutional Review Board granted approval of 

the study design and waived informed consent since solely data obtained in the context of 

clinical care is utilized.

The aortoiliac tract was manually divided in seven segments; the distal aorta, the proximal 

and distal common iliac artery bilaterally, and the external iliac artery bilaterally. Within 

each segment, the diameter was measured at the location of the visually estimated smallest 

diameter. The diameters were compared both on a segment-by-segment basis as well as 

the total of all aortoiliac tract segments of each patient. In addition to these measurements, 

the maximum circular diameters of the left and right external iliac artery were measured on 

both modalities at chosen fixed positions of 25mm distal from the bifurcation.

The image processing and analysis program Image-J (ImageJ, 1.46 F U.S. National Institutes 

of Health, Bethesda, Maryland, USA) was used to analyse the angiograms. A marked pig-

tail was used to calibrate the images (Fig. 1). In case of an unmarked pigtail, QCA analysis 
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(QCA-CMS 6.0, Medis, Leiden, the Netherlands) was used to measure the vessel diameter 

using the width of the unmarked pigtail for calibration. CTA images were analyzed with 

3mensio software (3mensio Structural Heart version 5.2, 3mensio Pie Medical Imaging, 

Maastricht, the Netherlands) (Fig. 2) with a centerline based method. Two centerlines 

of the left and right trajectory were automatically calculated after placement of three 

seed points. These centerlines were visually inspected, critically evaluated, and manually 

adjusted if necessary. Subsequently, the arterial lumen was visualized perpendicular to the 

centerline. The diameter was defi ned as the maximum circular diameter within the lumen 

in this perpendicular plane. Calcifi cations are known to cause diffi culties in (automated) 

diameter assessments [20]. In our analysis, the maximum circular diameter was visually 

inspected. In case of errors due to blooming artifacts caused by calcifi cations, or other 

errors, the maximum circular diameter was manually corrected.

Fig. 1 Projection angiography of the iliacofemoral tract. Marks: diameters measured using image J

To assess the potential impact of an image modality on clinical treatment selection, we 

identifi ed all cases in which the two modalities disagreed on suitability for the TF approach. 

Unsuitability for the TF approach is generally defi ned as bilateral vessel diameters less than 

6 mm, as previously described [12].
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The difference between XA and CTA measurements was evaluated with the paired sample 

T-test. Bland–Altman analysis was adopted to indentify possible dependency of the dif-

ference between both modalities on the mean. A possible relation of the discrepancies 

was investigated by regression analysis. We assessed the interobserver agreement of all 

measurements for both imaging modalities using the intraclass correlation coeffi cient. 

Statistical signifi cance was defi ned as P < 0.05.

Fig. 2 Computed tomography of iliacofemoral tract, analyzed using 3mensio centreline based 
measurements

RESULTS

The aorto-iliac tract diameters on angiographic and computed tomography images of 

102 patients (mean age 81.4 years, 34%male) were measured. Baseline characteristics of 

the population are shown in Table 1. Sevenhundred prospectively collected iliacofemoral 

segments were analyzed on both XA and CTA. Minimal diameters measured on CTA as 

measured on 3mension software were on average 1.7 ± 2.0 mm smaller (p <0.001) than 

the XA measurements (Fig. 3). 
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Table 1: Baseline clinical characteristics (n=102)

Total

(n = 102)

Patient data

Age, yrs 81.4 ± 6.9

BMI, kg/m2 27.3 ± 5.2

Male gender 35 (34.0)

Clinical history

Hypertension 45 (44.1)

Diabetes 26 (25.4)

Hypercholesterolemia 23 (22.5)

Prior myocardial infarction 21 (20.5)

Prior PCI 33 (32.4)

Prior CABG 12 (11.8

Prior stroke 8 (8.0

Peripheral arterial disease 22 (21.0

COPD 31 (30.4

Renal insufficiency 33 (32.5)

Liver cirrhosis 1 (1)

Prior neoplasia 24 (23.5)

Atrial fibrillation 23 (22.5)

Prior pacemaker 4 (3.9)

NYHA class ≥ 3 65 (63.7)

Preprocedural hospitalization 14 (13,7)

Logistic EuroSCORE 17.9 ± 12.1

STS score 5.2 ± 3.1

Preprocedural echocardiographic variables

LVEF ≤ 40% 19 (18.6)

AVA, cm2 0.76 ± 0.22

Indexed EOA, cm2/m2 0.41 ± 0.12

AVPG max, mmHg 77.0 ± 23.7

AVPG mean, mmHg 49.3 ± 21.1

Annulus diameter, mm 21.2 ± 1.7

AR grade ≥ 2 20 (19.6)

MR grade ≥ 3 7 (6.9)

TR grade ≥ 2 22 (21.6)

PAP, mmHg 40.9 ± 13.6

Values are n (%) or mean ± SD. BMI, body mass index; PCI, percutaneous coronary intervention; 
CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; NYHA, New 
York Heart Association; STS, society of thoracic surgeons; LVEF, left ventricular ejection fraction; 
EOA, effective orifice area; AVPG, aortic valve pressure gradient; AR, aortic regurgitation; MR, mitral 
regurgitation; TR, mitral regurgitation, PAP, pulmonary artery pressure.



30 Chapter 2

study the diameters were determined at specific reference

locations instead of the position of the minimal diameter.

Patient and treatment selection is of crucial importance

for a successful TAVI [12]. The arterial vasculature is key

element in assessing eligibility for transfemoral TAVI [14].

With the persistent trend toward minimally invasive pro-

cedures, such as TAVI, imaging is simultaneously

becoming increasingly important. This study suggests

caution when using multiple imaging modalities; imaging

cannot be blindly relied upon since different modalities

result in different measurements and may even result in

selecting a different of approach for TAVI procedures. The

discrepancy in measurements as presented in this study has

serious clinical implications: for 17.6 % (18 patients) of

our study population, CTA measurements showed bilateral

minimal diameters under 6 mm whilst XA measurements

exceeded this threshold. For these cases, XA and CTA

disagreed on the suitability of a TF trajectory for the TAVI

procedure. Of these 18 patients, 16 patients were planned

for transfemoral TAVI. In one patient, a planned peripro-

cedural predilatation of the femoral artery was performed.

A transfemoral transcatheter aortic valve was successfully

implanted through femoral route in 15 patients, transapical

in one patient, and transaortic in one patient. Closure

device failure occurred in 2 patients. One patient was

converted from a transfemoral to a transapical approach

due to dissection of the femoral artery.

Fig. 3 Bland-Altman analysis: difference between angiographic

measurements and CT based measurements 2 measurement modal-

ities versus the average measurements in mm. Linear regression

r2 = 0.019

Table 2 The mean paired difference in minimal diameter over the

number of patient for each segment

Segment Paired differences (mm) Sig.

Mean SD 95 % CI of

difference

Lower Upper

Distal Aorta XA-CT 1.85 2.39 1.38 2.31 \0.001

L Common Iliac A.

XA-CT

2.20 2.15 1.78 2.62 \0.001

R Common Iliac A.

XA-CT

1.78 1.79 1.43 2.13 \0.001

L distal common iliac A.

XA-CT

1.96 2.18 1.52 2.39 \0.001

R distal common iliac A.

XA-CT

1.60 2.30 1.14 2.05 \0.001

L proximal femoral A.

XA-CT

1.42 1.41 1.13 1.72 \0.001

R proximal femoral A.

XA-CT

1.29 1.41 1.01 1.57 \0.001

25 mm XA-CT L 2.28 1.29 1.80 2.75 \0.001

25 mm XA-CT R 2.55 1.72 1.93 3.16 \0.001

Table 3 discrepancies in bilateral vessel diameter under and above

6 mm on computed tomography vs projection angiography

Min ØXA\6 mm Min ØXA C6 mm

Min ØCTA\6 mm 23 (22.5 %) 18 (17.6 %)

Min ØCTA C6 mm 0 (0 %) 61 (59.8 %)

Fig. 4 Illustration of a lumen diameter overestimation due to

calcifications in the arterial wall. a The XA is shown with its

measured diameter (white arrow). b CTA image of same artery is

shown, perpendicular to the centerline. In the XA image the arterial

wall calcifications are considered part of the lumen when determining

the vessel diameters; on CTA image the calcium is not included in the

lumen diameter measurement (diameters a 8.3 mm, b 5.3 mm)

Int J Cardiovasc Imaging (2014) 30:399–405 403
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Fig.3 Bland-Altman analysis: difference between angiographic measurements and CT based 
measurements 2 measurement modalities versus the average measurements in mm. Linear 
regressesion r2= 0.019

Bland–Altman analysis revealed no appreciable relationship between the difference and 

the mean (data not shown). For all segments within the aorto-iliacofemoral tract, the 

mean paired differences in minimal diameter were signifi cantly different, ranging from a 

mean difference of 2.20 mm to 1.29 mm (Table 2). Maximum circular diameters measured 

on both modalities bilaterally at a fi xed point 25 mm distal from the bifurcation were 

also signifi cantly smaller on CT images compared to XA images (mean paired difference 

left side 2.28 ± 1.29mm, right side 2.55 ± 1.72mm.For 17.6% (18 patients) CTA based 

minimal diameters were bilaterally smaller than 6 mm whilst diameters measured on XA 

were at least unilateral larger than 6 mm, suffi cient for transfemoral approach (value 0.59) 

(Table 3).The interobserver agreement of the diameter measurements for both modalities 

was excellent with an intraclass correlation coeffi cient of 0.95.

Table 2: The mean paired difference in minimal diameter over the number of patient for each segment. 

Segment 

Paired Differences (mm)

Sig. Mean SD 

95% CI of Difference

Lower Upper

Distal Aorta XA-CT 1.85 2.39 1.38 2.31 < 0.001

L Common Iliac A. XA-CT 2.20 2.15 1.78 2.62 < 0.001

R Common Iliac A. XA-CT 1.78 1.79 1.43 2.13 < 0.001

L distal common iliac A. XA-CT 1.96 2.18 1.52 2.39 < 0.001

R distal common iliac A. XA-CT 1.60 2.30 1.14 2.05 < 0.001

L proximal femoral A. XA-CT 1.42 1.41 1.13 1.72 < 0.001

R proximal femoral A. XA-CT 1.29 1.41 1.01 1.57 < 0.001

25mm XA-CT L 2.28 1.29 1.80 2.75 < 0.001

25mm XA-CT R 2.55 1.72 1.93 3.16 < 0.001
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Tabel 3: discrepancies in bilateral vessel diameter under and above 6mm on computed tomography vs 
projection angiography

Min ØXA  < 6mm Min ØXA  ≥ 6 mm

Min ØCTA  < 6 mm 23 (22.5%) 18 (17.6%)

Min ØCTA  ≥ 6 mm 0 (0%) 61 (59.8%)

DISCUSSION

The current study demonstrated statistically significant smaller aortoiliac tract diameters 

measured on CTA compared to projection measurements on angiographic images. The 

diameter differences were apparent in all segments of the peripheral iliacofemoral tract.

Retrospective analysis of arteries with major diameter discrepancies on XA and CT revealed 

several potential causes of this difference in lumen diameter: (1) Foreshortening as well 

as overprojection in 2D images may impair diameter measurements; (2) in CTA images, 

the maximum circular diameter represented the minimal crossing of the lumen in the 

perpendicular plane, which may underestimate the actual diameter of the artery; (3) arte-

rial wall calcifications could be mistaken for contrast-filled lumen, with consequently an 

overestimation of the lumen (Fig. 4). On the other side, blooming effects of calcifications 

may introduce an error in measuring the diameter, and distinguish the actual vessel wall. 

Our results are in discordance with a recent study by Crowhurst et al. [21], who found a 

good agreement of measured diameters with dynaCT and angiography in 15 patients. 

A source of disagreement could be that in their study the diameters were determined at 

specific reference locations instead of the position of the minimal diameter.

Patient and treatment selection is of crucial importance for a successful TAVI [12]. The arte-

rial vasculature is key element in assessing eligibility for transfemoral TAVI [14]. With the 

persistent trend toward minimally invasive procedures, such as TAVI, imaging is simultane-

ously becoming increasingly important. This study suggests caution when using multiple 

imaging modalities; imaging cannot be blindly relied upon since different modalities result 

in different measurements and may even result in selecting a different of approach for 

TAVI procedures. The discrepancy in measurements as presented in this study has serious 

clinical implications: for 17.6 % (18 patients) of our study population, CTA measurements 

showed bilateral minimal diameters under 6 mm whilst XA measurements exceeded this 

threshold. For these cases, XA and CTA disagreed on the suitability of a TF trajectory for the 

TAVI procedure. Of these 18 patients, 16 patients were planned for transfemoral TAVI. In 

one patient, a planned periprocedural predilatation of the femoral artery was performed. 

A transfemoral transcatheter aortic valve was successfully implanted through femoral route 

in 15 patients, transapical in one patient, and transaortic in one patient. Closure device 

failure occurred in 2 patients. One patient was converted from a transfemoral to a transapi-

cal approach due to dissection of the femoral artery.
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8.4 mm 

Fig. 4 Illustration of a lumen diameter overestimation due to calcifi cations in the arterial wall. a 
The XA is shown with its measured diameter (white arrow). b CTA image of same artery is shown, 
perpendicular to the centerline. In the XA image the arterial wall calcifi cations are considered part of 
the lumen when determining the vessel diameters; on CTA image the calcium is not included in the 
lumen diameter measurement (diameters a 8.3 mm, b 5.3 mm)

In TAVI candidates, suboptimal iliofemoral vasculature is considered the main cause of 

ineligibility for transfemoral access, with numbers up to 30 % as reported in previous 

studies [22]. Accurate assessment of the peripheral tract is therefore crucial.

The large size sheaths (22- to 24-F) of the delivery systems in the initial TAVI procedures, 

has been associated with vascular complications and limited patient eligibility [23–25]. CT 

is becoming increasingly important in the TAVI work-up for a detailed anatomic assess-

ment of the aortic root, valve annulus and iliofemoral access routes [26, 27]. Currently, 

however, multiple imaging modalities are used interchangeably, including XA, CTA and 

ultrasonography [28].

Pros and cons of various imaging modalities are apparent. Both the ability to visualize 

calcifi cations and to construct 3D images to assess vessel tortuosity are advantages of CT 

images. The high spatial and temporal resolution of projection XA is superior compared 

to CT. However, the projection nature of XA is a limitation, especially in tortuous vessels. 

Avoidance of contrast administration and the radiation exposure are benefi cial features 

of ultrasonography. The availability of multiple imaging modalities [29] may therefore be 

conducive to patients; for example in case of renal failure imaging can be performed with-

out the necessity of contrast administration. The interchangeable application of various 

imaging modalities is only allowed if outcomes are in agreement is thus essential to be 

aware of possible intrinsic differences between the imaging modalities.

Both described imaging modalities showed excellent interobserver agreement, indicat-

ing that the observed difference in diameters is not due to observer induced variations. 

Software-assisted CTA measurements have advantages to manual assessment in previous 

studies [30]. Benefi ts of automatic analysis, besides its convenience, include time effi ciency 
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as well as reproducibility. Contrary, limitations of automatically analyzed images include 

inaccurate identification of calcifications and tortuosity [20].

Ideally, a gold standard with respect to the screening process [31], and assessment of 

aortoiliacofemoral tract diameter, degree of atherosclerosis, tortuosity and calcification, 

and subsequent corresponding criteria for eligibility for TAVI should be adopted. The ef-

ficacy of the screening might improve, whilst comparing reported outcome will be more 

appropriate with more identical procedures.

STUDy LIMITATIONS

Our study is limited by its retrospective character. The measurements were performed on 

a single measurement method for each imaging modality. This study combined two dif-

ferent imaging modalities therewith two measurement methods. It is not evident whether 

discrepancies are caused by the imaging modality or by measurement method.

CONCLUSION

In this study the use of software for semi-automated CTA diameter measurement of the 

aorta-iliac tract on CTA resulted in statistically significantly smaller diameter values com-

pared to XA-based measurements. This should be acknowledged when determining the 

approach for TAVI.
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