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Exact and reliable measurements of anatomical dimensions in pre-procedural multi-slice

computed tomography (MSCT) scans are crucial for optimal valve sizing and clinical

results of transcatheter aortic valve replacement (TAVR). This study aimed to investigate

interrater reliability between routinely used workflows for pre-procedural analysis. MSCT

scans of 329 patients scheduled for TAVR were analyzed using both a 3mensio and

SECTRA IDS7 platform. The results were retrospectively compared using the intraclass

correlation coefficient, revealing excellent correlation in the analysis of simple diameters

and poor correlation in the assessment of more complex structures with impact on

calculated valve size.
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INTRODUCTION

Since its introduction in 2002, transcatheter aortic valve replacement (TAVR) has evolved as an
inherent part of cardiovascular care delivery. Over recent years, the implantation technique and
pre-procedural assessment advanced tremendously to ensure ideal prosthesis placement and fitting.
Especially, multi-slice computed tomography (MSCT) scans have been deeply integrated into daily
clinical practice to guarantee optimal valve sizing and clinical results. MSCT scansmay be evaluated
by different analysis platforms, workflows, and specialties influencing clinical routine and analysis
of anatomical dimensions.

We, therefore, investigated the interrater reliability of workflows routinely used by radiologists
and cardiologists in the analysis of relevant anatomical dimensions in pre-procedural MSCT scans
of patients undergoing TAVR.
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METHODS

Three hundred twenty-nine patients with severe, symptomatic
aortic stenosis, and scheduled for TAVR underwent non-
enhanced, contrast-enhanced, electrocardiogram-gated, and
high-resolution MSCT (150ms, 128 × 0.6mm, “SOMATOM
Definition AS+”, Siemens Healthcare) for pre-procedural
planning from September 2015 to January 2018. The best
systolic phase was used to reconstruct axial images with a slice
thickness of 0.6–1mm, and measurements were performed
in accordance with best practice recommendations (1). Each
data set of MSCT images was transferred to a dedicated
workstation (3mensio Structural HeartTM, Pie Medical Imaging
BV, Maastricht, The Netherlands) for evaluation by independent
cardiologists (Table 1, named “examiner”). In case of complex
anatomy or difficult image quality, a dedicated cardiological
expert re-evaluated the measurements of the cardiological
examiner (Table 1, named “Expert”). During this period, this
was done in 20% of patients and resulted in high inter-operator
reproducibility. Data were directly analyzed with a PACS
system workstation (SECTRA IDS7, Sectra AB, Linköping,
Sweden) for relevant anatomical structures by a specialized
radiologist. Both specialties were extensively trained with
internal validation in their routinely used workflow, and
workflow users were blinded to the results of the other
workflow. All measurements were retrospectively compared
using the intraclass correlation coefficient (ICC, Pearson
correlation with two-way random/absolute agreement model).
TAVR has been carried out based on the 3mensio system,
which represents the reference for measurements. During
this period, the size of the implanted valves was strictly
chosen according to the best practice recommendations of the
manufacturers, which are indicated in the respective sizing
charts of Edwards (Sapien 3) or Medtronic (Evolut R and
Evolut Pro).

The study design and patient selection process are
illustrated in Figure 1. The study was approved by the
local ethics committee, performed in accordance with
the Declaration of Helsinki, and registered at Clinical
Trials (NCT01805739).

TABLE 1 | Computed tomography (CT) evaluation and interclass correlation between 3mensio and Sectra IDS7.

3mensio Sectra IDS7 ICC 95% CI

Examiner Expert

Virtual aortic annulus (mm) 22.9 ± 2.0 23.6 ± 2.2 24.7 ± 3.0 0.462 [0.17–0.63]

Sinotubular junction (mm) 27.3 ± 3.5 28.0 ± 3.4 26.8 ± 3.6 0.762 [0.70–0.80]

Sinus of valsalva (mm) 31.3 ± 3.8 32.0 ± 3.9 32.7 ± 3.8 0.627 [0.47–0.72]

Aorta ascendens diameter (mm) 31.9 ± 4.2 31.5 ± 3.8 31.3 ± 3.7 0.756 [0.69–0.80]

Distance to left coronary artery (mm) 13.4 ± 2.6 13.5 ± 2.2 12.3 ± 2.9 0.563 [0.41–0.67]

Distance to right coronary artery (mm) 14.6 ± 3.9 14.1 ± 3.6 13.6 ± 3.5 0.594 [0.46–0.68]

Left ventricular outflow tract angle (degree) 60.2 ± 6.2 58.0 ± 5.9 55.9 ± 15.2 0.025 [0.18–0.28]

RESULTS

The interrater reliability ranged from excellent in the
prediction of simple two-dimensional distance measurements
like the sinotubular junction (3mensio: 27.3mm ± 3.5
vs. Sectra IDS7 26.8mm ± 3.6, ICC.762 [0.70–0.80])
and the dimensions of the aorta ascendens (3mensio:
31.9mm ± 4.2 vs. Sectra IDS7: 31.3mm ± 3.7, ICC 0.756
[0.69–0.80]) to a poor correlation in the assessment of
more complex structures like the virtual aortic annulus
(3mensio: 22.9mm ± 2 vs. Sectra IDS7: 24.7mm ± 3,
ICC 0.462 95% CI [0.17–0.63], which is crucial for sizing
and the final determination of valve size. Further data is
displayed in Table 1. Mean difference of the calculated
diameter of the virtual aortic annulus averages 2.4 ±

2mm. Considering 3mensio measurements as a reference,
the varying calculated diameter results in different valve
sizes in 47.1% of the cases predominantly due to oversizing
(Table 2).

DISCUSSION

Non-invasive imaging is a very powerful tool and may
determine patient eligibility, the access site, and device
selection, and helps to identify the best angiographic view
for valve delivery (2). Even though, as a strength of this
study, we have highly trained experts in both routinely
used workflows, the interrater reliability between workflows
varied significantly, especially in the assessment of the virtual
aortic annulus where MSCT is defined as the gold standard
tool for evaluation. Quantitative assessment requires accurate
identification of the hinge points of the right and non-
coronary cusps to create the virtual annular plane. This
can be done manually (in case of Sectra IDS7) or on
a software-based facilitated workflow (in case of 3mensio).
Although no reference standard for this measurement has
been approved, considering which of the two measurements
is more correct, a software-based approach may provide a
more accurate assessment by minimizing subjectivity. In a
cohort of 105 patients, automated 3mensio software showed
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FIGURE 1 | Modified CONSORT flow diagram. Cohort for CT evaluation comprises 329 patients with severe aortic valve stenosis scheduled for TAVR. Each patient

has been evaluated by both 3mensio by cardiologists and Sectra IDS7 by radiologists.

TABLE 2 | Practical clinical impact of workflow on valve size selection.

Mean difference of 2.4 ± 2 (Mean ± SD)

calculated diameter (mm) 2 [1–3.4] (Median [IQR])

Different valve size based on 155 (47.1)

calculated diameter (%)

Oversizing (%) 135 (87.1)

Undersizing (%) 20 (12.9)

Over- and undersizing are estimated considering 3mensio measurements as reference.

equally good reproducibility as manual measurement (3).
The same applies to the 3mensio three-dimensional computed

tomography (3D-CT) reconstruction tool with regard to accuracy
and reproducibility (4). Furthermore, Foldyna et al. observed a

significantly faster evaluation with semi-automatic rather than

with manual segmentation of pre-interventional MSCT (5)

with comparable exactness. In contrast, our results hint at the

impact of workflows used in pre-interventional analysis and

reveal a poor correlation in the assessment of more complex

structures between different workflows despite extensively

trained operators. Therefore, workflows have a relevant impact

on correct valve sizing and the choice of device highlighting
the limited reproducibility between different workflows. We,
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therefore, recommend harmonization of the routinely used
workflows by interprofessional communication and training.
Moreover, studies are evolving, which evaluate the feasibility
of AI models and algorithms implemented in analysis software
even for small cardiac structures, to detect moderate to high-
grade coronary stenosis (6, 7). In the future, it might be
promising to validate and standardize AI algorithms to overcome
discrepancies in the measurement of complex structures and
choose the prothesis with the best hemodynamic and prognostic
outcome in patients with aortic valve stenosis scheduled
for TAVR.
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