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Abstract
Objectives To evaluate a systematic approach for measure-
ment of aortic annulus dimensions by cardiac computed
tomography.
Methods CT data sets of 64 patients were evaluated. An
oblique cross-section aligned with the aortic root was created
by systematically identifying the caudal insertion points of the
three aortic cusps and sequentially aligning them in a double
oblique plane. Aortic annulus dimensions, distances of coro-
nary ostia and a suitable fluoroscopic projection angle were
independently determined by two observers.
Results Interobserver intraclass correlation coefficients (ICC)
for aortic annulus diameters were excellent (ICC 0.89–0.93).
Agreement for prosthesis size selection was excellent (ĸ=0.86
for mean, ĸ=0.84 for area-derived and ĸ=0.91 for
circumference-derived diameter). Mean distances of the
left/right coronary ostium were 13.4±2.4/14.4±2.8 mm for
observer 1 and 13.2±2.7/13.5±3.2 mm for observer 2
(p=0.30 and p=0.0001, respectively; ICC 0.76/0.77 for
left/right coronary artery). A difference of less than 10° for
fluoroscopic projection angle was achieved in 84.3 % of
patients.

Conclusions A systematic approach to generate a double
oblique imaging plane exactly aligned with the aortic annulus
demonstrates high interobserver and intraobserver agreements
for derived measurements which are not influenced by aortic
root calcification.
Key Points
• Systematic approach to generate a double oblique imaging
plane for TAVI evaluation.

• This method is straightforward and software independent.
• An approach with high reproducibility, not influenced by
aortic root calcification.

Keywords Aortic valve stenosis . Heart valve prosthesis
implantation .Multidetector computed tomography . Cardiac
imaging techniques . Imaging . Three-dimensional

Introduction

For transcatheter aortic valve implantation (TAVI), accurate
measurement of aortic annulus dimensions and the distances
of coronary ostia from the aortic valve plane are essential to
minimize procedure-associated complications such as annular
rupture, embolization of the prosthesis, obstruction of coro-
nary ostia or paravalvular aortic regurgitation [1–5]. Multide-
tector computed tomography (CT) permits the measurement
of aortic annulus parameters in the work-up of TAVI candi-
dates, improves the accuracy of aortic annulus sizing over
echocardiography and potentially reduces the incidence
of paravalvular regurgitation and other complications
[6–12]. Several methods have been suggested to mea-
sure aortic annulus dimensions by CT. They include
creating a coronal and sagittal oblique plane, an oblique
plane in a three-chamber view or a double oblique
transverse imaging plane of the basal ring [6, 13].
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If the aortic valve plane is accurately defined in computed
tomography, it is possible to predict fluoroscopic projection
angles which provide an orthogonal view on the valve plane
[14–17]. This may minimize the number of required
aortograms and reduce the amount of contrast needed for the
procedure [17]. Inter- and intraobserver variability of methods
to predict fluoroscopic projection angles have not yet been
systematically evaluated.

Our objective was to evaluate a systematic method to create
a double oblique imaging plane exactly aligned with the aortic
annulus and to determine its reproducibility regarding mea-
surement of aortic annulus parameters, the distances of the
coronary ostia from the aortic valve plane and a suitable
fluoroscopic projection angle.

Our hypothesis was that this systematic approach should
yield high interobserver agreement of measurements required
for the workup of TAVI candidates.

Materials and methods

Sixty-four consecutive patients with severe aortic valve stenosis
who were referred for dual source CT for routine evaluation
before TAVI were included. Medication for heart rate reduction
or nitrates were not used prior to CT data acquisition because
evaluation of the coronary arteries was not the primary goal.

Imaging was performed in deep inspiration in a cranio-
caudal direction beginning at the aortic arch and ending at a
level below the hips. Tube voltage and tube current were
selected depending on patient size (100 kV tube voltage for
patients with a body weight no greater than 100 kg and
120 kV in larger patients).

In 12 patients, imaging was performed on a first-generation
dual source CT (Somatom Definition, Siemens Healthcare,
Forchheim, Germany, 300 ms rotation, 2×64×0.6 mm colli-
mation) with retrospectively electrocardiogram (ECG)-gated
spiral acquisition and ECG-gated dose modulation (35–70 %
of the R–R interval). The amount of contrast agent was
selected on the basis of patient size (100–120ml of Iopromide,
Ultravist 370, Bayer Pharma AG, Berlin, Germany) and was
injected at a flow rate of 3.0 to 4.5 ml/s followed by 50 ml of
saline at the same flow rate. Bolus tracking with a region of
interest placed in the ascending aorta and a preset threshold of
170 Hounsfield units (HU) was used.

In 52 patients, imaging was performed on a second-
generation dual source CT (Definition Flash, Siemens
Healthcare, Forchheim, Germany, 280 ms rotation, 2×128×
0.6 mm collimation) using either a retrospectively ECG-gated
spiral acquisition mode with ECG-gated tube current modu-
lation (n=24) or prospectively ECG-triggered high-pitch spi-
ral acquisition starting the examination so that data acquisition
in a “cardiac-specific window” would be initiated at 60 % of
the R–R interval (n=28). A timing bolus protocol was used as

previously described [18], with a region of interest placed in
the descending abdominal aorta to avoid outrunning the bolus
by high pitch acquisition.

CT image reconstruction

Transaxial CT data sets ranging from the aortic arch to the
diaphragm were reconstructed with 0.6 mm slice thickness,
increment of 0.3 mm and a medium smooth reconstruction
kernel (“B26f”). In retrospectively ECG-gated spiral acquisi-
tion, an automatic reconstruction algorithm selected the opti-
mal phase for image reconstruction (in most cases between
70 % and 75 % of the R–R interval).

Systematic approach to obtain a multiplanar reconstruction
exactly aligned with the aortic annulus

Multiplanar reconstructions to obtain an image plane
exactly aligned with the aortic annulus were performed
as previously reported [19]. Images were transferred to
an offline workstation (Siemens Multimodality Work
Place, Siemens Healthcare, Forchheim, Germany)
equipped with a software package (Circulation, Siemens
Healthcare, Forchheim, Germany) which allowed free
manipulation of multiplanar reconstructions. Data analysis
was performed by two observers. One observer had more than
10 years’ experience and the other observer had 3 years’
experience in cardiac CT. Both observers were blinded to each
other’s measurement results.

Aortic annulus dimensions

The minimum and maximum diameter, area and circumfer-
ence of the aortic annulus were manually traced (Fig. 1). The
mean diameter of the aortic annulus was obtained by calcu-
lating the mean of the minimum and maximum diameters of
the aortic annulus [11, 20].

The area-derived diameter Da of the aortic annulus was
calculated using the following formula:

Da ¼ 2

ffiffiffiffiffiffiffiffiffiffi

Area

π

r

[6]
The circumference-derived diameter Dc of the aortic annu-

lus was calculated using the following formula:

Dc ¼ Circumference

π
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Aortic root calcification

To analyse the extent of aortic root calcification, a maximum
intensity projection (MIP) with a slice thickness of 5 mm was
created at the position of the aortic valve plane. The extent of
calcification was visually graded using a scale from 0 to 4
(Fig. 2).

Distance of coronary ostia from the aortic annulus plane

Once the double oblique image aligned with the aortic annulus
was created, coronary ostia were identified by moving the
imaging plane in a cranial direction until the ostium of the left
main or right coronary artery appeared. Reference lines were
then positioned on the coronary ostium and rotated so that the
distance of the coronary artery from the aortic valve plane could
be measured in the formerly sagittal or coronal plane (Fig. 3).

Measuring the potential fluoroscopic projection angle

After creating the double oblique image aligned with the
aortic annulus, we moved the plane in a cranial direction until
the commissures of all three valve cusps could be identified.
The centre point of the reference lines was positioned in the
coaptation point of all three commissures and rotated so that
the formerly coronal plane was in a left anterior oblique

(LAO) 10° orientation (Fig. 4). The corresponding cranial or
caudal direction was noted. LAO 10° orientation was selected
to ensure comparability between the measurements of both
observers.

Analysis time

The time to align the imaging plane with the aortic annulus as
well as the time for the entire analysis (including aortic annu-
lar parameters, distances of the coronary ostia from the aortic
valve plane and the potential fluoroscopic projection angle)
was measured in all patients.

Interobserver and intraobserver agreement
regarding prosthesis size selection

The interobserver and intraobserver agreement of prosthesis
size selection according to measured aortic annulus parame-
ters was determined. We used a sizing model according to
Gurvitch et al. [6]: A 23-mm valve is suggested for mean
aortic annulus diameters of 19.5–22.5 mm, a 26-mm valve for
greater than 22.5 to 26.5 mm, a 29-mm valve for greater than
26.5 to 29.5 mm and aortic annulus parameters exceeding
29.5 mm were regarded as too large for TAVI.

Fig. 1 Measurement of the aortic annulus parameters in an 88-year-old
female patient with severe aortic valve stenosis. aMultiplanar reconstruc-
tion exactly aligned with the aortic annulus. b Measurement of minimal

and maximal diameter of the aortic annulus. c Measurement of the
circumference of the aortic annulus. d Measurement of the area of the
aortic annulus

Fig. 2 Analysis of aortic root calcification in maximum intensity projec-
tions with a slice thickness of 5 mm. a 0=no calcification. b 1=calcifi-
cation≤25 % of the circumference. c 2=calcification of 25–49 % of the

circumference. d 3=calcification of 50–75 % of the circumference. e 4=
calcification exceeding 75 % of the circumference
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Statistical analysis

Statistical analyses were performed using Microsoft Excel
(2010), Graph Pad Prism Version 5.01 (Graph Pad Software,
San Diego California, USA) and PASW Statistics version 18
(SPSS, Inc., an IBM Company, Chicago, Illinois, USA). Con-
tinuous variables are expressed as mean ± SD; categorical
variables as frequencies or percentages. For continuous vari-
ables, a two-sided Wilcoxon signed rank test was used for
paired observations and a Mann–Whitney U test for unpaired
observations. P values less than 0.05 were considered to be
statistically significant. Bland–Altman analysis was per-
formed to compare intra- and interobserver results. Compari-
son of categorical variables was performed using a chi-square
analysis. Intraclass correlation coefficients (ICC) were deter-
mined to compare aortic annulus dimensions, distances of the
coronary ostia from the annulus and the potential fluoroscopic
projection angle. ICC was defined as the ratio of between-
subject variance to the total variance. The 95 % confidence
intervals (CI) were also calculated. Weighted Cohen’s kappa
coefficients (κ values) were calculated for the assessment of
interobserver and intraobserver agreements on valve size

selection. ICC values and κ values were interpreted as fol-
lows: absence of agreement, 0 or less; poor agreement, less
than 0.20; fair agreement, 0.21–0.40; moderate agreement,
0.41–0.60; good agreement, 0.61–0.80; and excellent agree-
ment, greater than 0.80 [21].

Results

Baseline characteristics

The patients’ mean age was 83±4 years (range 72–94 years).
Of all 64 patients, 29 were male (45 %) and 35 (55 %) were
female. The mean logistic Euroscore was 32.6±14.0 % (range
6.6–73.8 %). Consecutive patients were evaluated and no data
sets were excluded for reduced image quality.

Aortic annulus dimensions: intraobserver agreement

Mean differences between the two measurements were 0.4±
0.9 mm for the mean diameter, 0.4±0.8 mm for the
circumference-derived diameter and 0.6±0.8 mm for the

Fig. 3 Measurement of the
distances from the coronary ostia
to the aortic annulus plane in an
88-year-old female patient with
severe aortic valve stenosis. a
Measurement of the distance of
the right coronary artery from the
aortic valve plane (18 mm). b
Measurement of the distance of
the left main coronary artery from
the aortic valve plane (12 mm)

Fig. 4 Measurement of the potential fluoroscopic projection angle in an
88-year-old female patient with severe aortic valve stenosis. After crea-
tion of a double oblique image showing all three valve cusps, the centre
point of the reference lines was positioned in the centre of all three

commissures (a) and rotated so that the formerly coronal plane was in
an LAO 10° orientation (b). The corresponding cranial or caudal direction
was noted in the coronal plane (c). In this case, the potential fluoroscopic
projection angle at LAO 10° would be caudal 13°
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Fig. 5 Bland–Altman analysis of intraobserver measurements of the mean diameter (a), circumference-derived diameter (b) and the area-derived
diameter (c)
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area-derived diameter. Maximum differences were 2.5 mm for
the mean diameter, 2.8 mm for the circumference-derived
diameter and 3.2 mm for the area-derived diameter (Fig. 5).
Intraobserver results of the aortic annulus dimensions, dis-
tances of the coronary ostia from the aortic annulus and the
fluoroscopic projection angle are shown in Table 1.
Intraobserver reliability for all aortic annulus dimensions
was excellent with an ICC between 0.89 and 0.94 (Table 2).>

Aortic annulus dimensions: interobserver agreement

Bland–Altman analysis revealed a mean difference between
the two observers of −0.2±1.1 mm for the mean diameter, 0.2
±1.1 mm for the circumference-derived diameter and 0.4±
0.9 mm for the area-derived diameter. The maximum differ-
ence was 4.5 mm for the mean diameter, 6.7 mm for the
circumference-derived diameter and 5.6 mm for the area-
derived diameter (Fig. 6).

The minimum, maximum and mean diameters as well as
the circumference-derived diameter Dc did not differ signifi-
cantly between the two observers (Table 3). Interobserver
agreement was excellent for the minimum (ICC 0.89, 95 %
CI 0.83–0.93), the maximum (ICC 0.90, 95 % CI 0.84–0.94)
and the mean diameter of the aortic annulus (ICC 0.92, 95 %
CI 0.87–0.95) as well as the circumference-derived diameter

(ICC 0.91, 95%CI 0.86–0.95, Table 2). There was a slight but
significant difference for the area-derived diameter of the
aortic annulus between both observers (25.2±2.7 vs. 24.8±
2.5 mm, p<0.0001). Interobserver agreement was excellent
(ICC 0.93, 95 % CI 0.85–0.96 for area-derived diameter).

Distances of the coronary ostia from the aortic annulus plane:
intraobserver agreement

The distance of the left main coronary artery from the aortic
annulus plane was not significantly different for the two
measurements (13.4±2.4 vs. 13.3±2.3 mm, p=0.79). How-
ever, the results were significantly different for the right cor-
onary artery (14.4±2.8 vs. 15.1±3.0 mm, p=0.001).
Intraobserver reliability was excellent for the left main (ICC
0.82, 95 % CI 0.72–0.89) and right coronary artery (ICC 0.81,
95 % CI 0.68–0.89).

Distances of the coronary ostia from the aortic annulus plane:
interobserver agreement

The distance of the left main coronary artery from the aortic
annulus plane was not different between the observers (13.4±
2.4 vs. 13.2±2.7 mm, p=0.30). However, the distance of the
right coronary artery from the aortic annulus plane

Table 1 Intraobserver results of
the aortic annulus parameters,
distances of the coronary ostia
from the aortic valve plane and
the suggested fluoroscopic pro-
jection angle

Cranial +, caudal −

Measurement 1 Measurement 2 Significance (p value)

Intraobserver

Short diameter (mm) 21.7±2.6 21.3±2.4 0.005

Long diameter (mm) 27.5±3.1 27.2±3.0 n.s. (0.09)

Mean diameter (mm) 24.6±2.6 24.2±2.5 0.03

Area-derived diameter (mm) 25.2±2.7 24.7±2.5 <0.0001

Circumference-derived diameter (mm) 25.7±2.6 25.3±2.5 0.0001

Distance to LM (mm) 13.4±2.4 13.3±2.3 n.s. (0.79)

Distance to RCA (mm) 14.4±2.8 15.1±3.0 0.001

Cranio-caudal orientation of a suitable
fluoroscopic plane at LAO 10°

−5.3±12.9 −4.3±13.7 n.s. (0.06)

Table 2 Interobserver and
intraobserver correlation of the
aortic annulus parameters, dis-
tances of the coronary ostia from
the aortic valve plane and the
suggested fluoroscopic projection
angle

ICC intraclass correlation coeffi-
cient, CI confidence interval

Interobserver (ICC, 95 % CI) Intraobserver (ICC, 95 % CI)

Short diameter (mm) 0.89 (0.83–0.93) 0.89 (0.80–0.93)

Long diameter (mm) 0.90 (0.84–0.94) 0.89 (0.83–0.93)

Mean diameter (mm) 0.92 (0.87–0.95) 0.93 (0.87–0.96)

Area-derived diameter (mm) 0.93 (0.85–0.96) 0.93 (0.78–0.93)

Circumference-derived diameter (mm) 0.91 (0.86–0.95) 0.94 (0.87–0.97)

Distance to LM (mm) 0.76 (0.64–0.85) 0.82 (0.72–0.89)

Distance to RCA (mm) 0.77 (0.58–0.87) 0.81 (0.68–0.89)

Projection angle LAO 10° 0.81 (0.70–0.88) 0.83 (0.74–0.90)
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Fig. 6 Bland–Altman analysis of interobserver measurements of the mean diameter (a), circumference-derived diameter (b) and the area-derived
diameter (c)
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was significantly different (14.4±2.8 vs. 13.5±3.2 mm,
p=0.0001). Interobserver reliability was good with an ICC
of 0.76 for the left main coronary artery (95 % CI 0.64–0.85)
and 0.77 for the right coronary artery (95 % CI 0.58–0.87).

Fluoroscopic projection angle: intraobserver agreement

Assuming an LAO angulation of 10°, there was no significant
difference in cranial or caudal angulation comparing both
measurements (mean 5±13° caudal vs. 4±14° caudal,
p=0.06). The mean absolute difference between the cranial
or caudal angulation for the two measurements was 5±6°
(ICC 0.83, 95 % CI 0.74–0.90).

When accepting a deviation of up to 10° between the two
measurements for the potential fluoroscopic projection angle,
agreement concerning the fluoroscopic projection angle was
present in 57 of all 64 patients (89.1 %).

Fluoroscopic projection angle: interobserver agreement

Assuming an LAO angulation of 10°, there was no significant
difference in cranial or caudal angulation comparing both
observers (mean 5±13° caudal vs. 7±14° caudal, p=0.22).
The mean absolute difference between the cranial or caudal
angulation was 6±6° (ICC 0.81, 95 % CI 0.70–0.88).

Under the assumption that a deviation of up to 10° would
indicate agreement, the two observers determined equal fluo-
roscopic projections in 54 of all 64 patients (84.3 %).

Prosthesis size selection: intraobserver agreement

Agreement regarding prosthesis size selection was present in
48 of 64 cases (75.0 %, ĸ=0.83). Both measurements resulted
in the recommendation of a 23-mm prosthesis in 14 cases, a
26-mm prosthesis in 29 cases, a 29-mm prosthesis in four
cases and no appropriate prosthesis available in one case.

Agreement was also observed in 48 out of 64 cases when
the area-derived diameter was used (75.0 %, ĸ=0.94).

For the circumference-derived diameter of the aortic annu-
lus, agreement regarding prosthesis size selection was slightly
superior (52 of 64 cases, 81.2 %, ĸ=0.91, Table 4).

Prosthesis size selection: interobserver agreement

On the basis of the mean aortic annulus diameter, the two
observers reached agreement for aortic valve prosthesis size
selection in 53 of 64 cases (82.8 %), resulting in close inter-
observer agreement (ĸ=0.86). The use of a 23-mm prosthesis
was recommended in 12 cases, a 26-mm prosthesis in 31
cases, a 29-mm prosthesis in eight cases and no appropriate
prosthesis was available in two cases.

Table 3 Interobserver results of
the aortic annulus dimensions,
distances of the coronary ostia
from the aortic annulus plane and
the suggested fluoroscopic pro-
jection angle

Cranial +, caudal −

Observer 1 Observer 2 Significance (p value)

Interobserver

Short diameter (mm) 21.7±2.6 22.0±2.7 n.s. (0.06)

Long diameter (mm) 27.5±3.1 27.5±3.1 n.s. (0.57)

Mean diameter (mm) 24.6±2.6 24.8±2.7 n.s. (0.13)

Area-derived diameter (mm) 25.2±2.7 24.8±2.5 <0.0001

Circumference-derived diameter (mm) 25.7±2.6 25.5±2.5 n.s. (0.19)

Distance to LM (mm) 13.4±2.4 13.2±2.7 n.s. (0.30)

Distance to RCA (mm) 14.4±2.8 13.5±3.2 0.0001

Cranio-caudal orientation of a suitable
fluoroscopic plane at LAO 10°

−5±13 −7±14 n.s. (0.22)

Table 4 Interobserver and intraobserver agreement of prosthesis size
selection according to the aortic annulus parameters

Interobserver
agreement
(n and ĸ value)

Intraobserver
agreement
(n and ĸ value)

Mean diameter

23 mm 12 (18.7 %) 14 (21.9 %)

26 mm 31 (48.4 %) 29 (45.3 %)

29 mm 8 (12.5 %) 4 (6.2 %)

No appropriate prosthesis available 2 (3.1 %) 1 (1.6 %)

0.86 0.83

Area-derived diameter

23 mm 7 (10.9 %) 7 (10.9 %)

26 mm 31 (48.4 %) 29 (45.3 %)

29 mm 11 (17.2 %) 10 (15.6 %)

No appropriate prosthesis available 2 (3.1 %) 2 (3.1 %)

0.84 0.94

Circumference-derived diameter

23 mm 6 (9.4 %) 5 (7.8 %)

26 mm 31 (48.4 %) 31 (48.4 %)

29 mm 17 (26.6 %) 13 (20.3 %)

No appropriate prosthesis available 3 (4.7 %) 3 (4.7 %)

0.91 0.90
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Based on the area-derived diameter of the aortic annulus,
agreement regarding prosthesis size selection occurred in 51
of 64 cases (79.7 %, ĸ=0.84, Table 4).

Based on the circumference-derived diameter of the aortic
annulus, agreement regarding prosthesis size selection was
found in 57 of 64 cases (89.0 %, ĸ=0.91).

Influence of the aortic root calcification on the accuracy
of the results

The mean score of aortic root calcification was 1.8±0.9 in
patients in whom the two observers were in agreement regard-
ing prosthesis size based on the mean diameter, compared to a
mean score of 1.7±0.9 in cases of disagreement (p=0.72,
Table 5). The aortic root calcification score influenced neither
interobserver agreement regarding prosthesis size nor the
agreement regarding the suitable fluoroscopic projection an-
gle (Table 6).

Analysis time

The mean time required to create a multiplanar reconstruction
exactly aligned with the aortic valve insertion points was 86±
22 s (range 57–127 s). The mean time for the entire analysis
per patient was 4.6±1.7 min (range 3–12 min).

Discussion

Accurate determination of aortic root dimensions and geom-
etry is essential for pre-procedural evaluation of TAVI candi-
dates by CT. Performing this measurement is not trivial and,
accordingly, previous studies demonstrated limited interob-
server agreement. Gurvitch et al. validated an approach based
on the reconstruction of a coronal and sagittal oblique plane,
an oblique plane in a three-chamber view and a double oblique
transverse image of the basal ring and found a wide range of
interobserver variability. The highest reproducibility was re-
ported for the area-derived diameter and the mean diameter
(ICC 0.87 and 0.80 for interobserver and greater than 0.90 for
intraobserver reliability, respectively) [6]. A study by Hutter
et al. showed only a fair interobserver agreement (ICC 0.39)
for the mean diameter of the aortic annulus [22].

We evaluated a recently described systematic approach
[19] which provides a straightforward and software-
independent alignment of the imaging plane with the aortic
annulus plane in CT data sets. We demonstrated that the
method is fast, and excellent inter- and intraobserver reliabil-
ities for the aortic annulus dimensions were obtained. These
results and the potential choice of the prosthesis size were not
influenced by the extent of aortic root calcification. Similarly,
we found close intra- and interobserver agreement for deter-
mination of the distance of the coronary ostia from the aortic
annulus plane which needs to be measured accurately to avoid
potential obstruction of the coronary arteries [2]. Whereas
some studies compared measurements of the distances of the
coronary ostia from the aortic valve plane between different
cardiac phases [23] or between different imaging modalities
[24], our study is the first one which evaluated inter- and
intraobserver reliability. The fact that measurement of this
distance was more reproducible for the left coronary artery
as opposed to the right remains unclear. A potential explana-
tion is the fact that the left sinus of Valsalva seems to be
narrower than the right, so that the line from the left main
coronary ostium to the aortic annulus is almost orthogonal.
The right coronary ostium is not as well aligned with the aortic

Table 6 Influence of the extent of aortic root calcification on the inter-
observer and intraobserver results of the potential fluoroscopic projection
angle

Mean score Same fluoroscopic
projection angle

Different
fluoroscopic
projection angle

Significance
(p value)

Interobserver 1.8±0.8 1.8±1.0 n.s. (0.86)

Intraobserver 1.8±0.9 1.7±0.8 n.s. (0.91)

Table 5 Influence of the extent
of aortic root calcification on the
interobserver and intraobserver
results of the suggested prosthesis
size

Mean score Same prosthesis size Different prosthesis size Significance
(p value)

Interobserver

Mean diameter 1.8±0.9 1.7±0.9 n.s. (0.72)

Area-derived diameter 1.8±0.9 1.5±0.7 n.s. (0.21)

Circumference-derived diameter 1.8±0.9 1.5±0.5 n.s. (0.39)

Intraobserver

Mean diameter 1.8±0.8 1.8±1.1 n.s. (0.97)

Area-derived diameter 1.7±0.9 1.9±0.8 n.s. (0.46)

Circumference-derived diameter 1.8±0.9 1.6±0.5 n.s. (0.53)
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annulus, which makes the measurement of the distance more
difficult.

A limited number of studies have evaluated the po-
tential of CT to determine an appropriate fluoroscopic
projection angle for TAVI procedures [14–17]. None of
these studies systematically assessed the reproducibility
of such measurements. Our results demonstrate that CT
permits one to suggest a potential fluoroscopic projec-
tion angle with a high degree of intra- and interobserver
reproducibility (ICC 0.81 and 0.83). The mean differ-
ence between the two observers and between the two
measurements of one observer was quite small (6±6°
vs. 5±6°), and such differences typically play no role in
the implantation process.

The most relevant finding of our study is probably
the degree of inter- and intraobserver agreement regard-
ing prosthesis size selection. Several studies have shown
that according to CT measurements, prosthesis size se-
lection is different as compared to echocardiography-
based sizing [6, 7, 20, 25]. However, no study compared
interobserver or intraobserver reliability concerning the
described method to measure the aortic annulus parame-
ters. Even though we demonstrated a high inter- and
intraobserver agreement, the recommended prosthesis size
would have differed in 11–25 % of cases of repeated mea-
surements. This is mainly because strict cut-off thresholds
were used in our study, so that a difference of 0.1 mmwould
lead to different prosthesis size suggestions, and many
measurement values were around the cut-off thresholds of
22.5 and 26.5 mm. In clinical practice, there is some leeway
rather than a strict cut-off value and measurements would
be repeated and compared to other modalities especially in
cases near the threshold values. Finally, clinical determina-
tion of prosthesis size would also integrate other factors
such as the extent of aortic valve calcification and annulus
eccentricity [13].

Our study suffers from several limitations. We did not
compare our measurement results with other imaging modal-
ities such as TEE-based annular sizing. Rather, our intention
was to evaluate the newly described method to systematically
create a multiplanar reconstruction aligned with the aortic
annulus plane regarding reproducibility. Further studies are
needed to prospectively evaluate this method, concerning the
accuracy to minimize aortic annulus to prosthesis size mis-
match as well as the applicability of the suggested implanta-
tion angle.

In conclusion, stepwise alignment of a multiplanar recon-
struction with the lowest insertion points of all three coronary
cusps permits the rapid generation of a cross-section which is
exactly aligned with the aortic annulus plane. This method
provides high reproducibility when determining aortic root
dimensions or suitable fluoroscopic projection angles for
TAVI.
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