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Introduction 

 

Aortic valve-in-valve (aVIV) procedures are advancing the management of failed 

bioprosthetic surgical heart valves (SHV) (1,2). As opposed to transcatheter heart valve 

(THV) replacement for native aortic stenosis, selection of the transcatheter THV size 

for aVIV procedures is based on the SHV size and not on anatomical measurements. 

However, accurate SHV size information may not be available in medical records. 

While computed tomography (CT) may be used to derive dimensions of the SHV, it 

does have limitations (see later) (3). The aim of this study was to establish reference 

data for CT dimensions across commonly used aortic stented SHV types and sizes in 

order to determine the manufacturer’s labeled size from a CT dataset. 

 

Material & Methods 
 

 

Study population. CT datasets of patients who underwent aVIV planning for failed 

SHV at St. Paul’s Hospital (Vancouver, BC) between 2013 and 2018 were included. 

We also obtained 25 specimens from the Cardiovascular Tissue Registry at the Centre 

for Heart Lung Innovation (University of British Columbia & St. Paul’s Hospital), to 

provide a more complete representation of commonly encountered SHVs (ex vivo 

imaging). Manufacturer labeled SHV size was determined from medical records. The 

Research Ethics Board, at the University of British Columbia – Providence Health Care 

approved this study 
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See supplement for CT data acquisition and reconstruction, CT image and statistical 

analysis. 

 

CT image analysis was performed as follows: first, the reconstruction phase with the 

best image quality was identified. Using multiplane reformats, a plane transecting 

through the basal ring was created. Measurements were performed by fitting a circular 

region of interest to the center of the radiopaque scaffold, to yield area and diameter.  

 

 

Results 

 

Average patient age at the time of CT imaging was 72±13 years. 101 (69%) were male. 

Median time between the initial SHV implantation and time of CT was 9.0 years 

(Interquartile range 4 years). 

 

Derivation of the study cohort is shown in Figure 1. CT appearance and alignment of 

the region for interest for measurement of SHV size are illustrated in Figure 2, for 10 

common valve types. Measurement results are listed in Table 1 and illustrated in Figure 

2&3. There was excellent correlation between the CT-derived SHV size and the 

manufacturer size for all SHVs (Supplementary Figure 1,2 & 3).  
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Discussion 

 

There is increasing adoption of aVIV procedures for patients with failed surgical aortic 

bioprosthetic valves, given growing evidence that the procedure is safe and effective 

(1,2). In planning for an aVIV procedure, CT may be used for measurement of the SHV 

size. 

 

For planning an aVIV procedure, existing SHV size information is essential for 

determining THV size (4). Lack of SHV sizes in aVIV procedures can lead to incorrect 

THV size selection, resulting in either undersizing and paravalvular leak or device 

embolization, or oversizing leading to incomplete THV expansion and high trans-

prosthetic gradients (1). Patient SHV size documentation may be absent and thus 

determining SHV size from CT seems desirable, with CT imaging already required for 

aVIV planning (5).  

 

CT-based in vivo SHV sizing data is limited to a single study that evaluated SHVs by 

measuring the inner contour of the basal sewing ring (6). Importantly, the present study 

provides a more complete collection of valve types and sizes, and the measurement 

technique allows for more robust translation to CT systems with different acquisition 

and reconstruction settings. We deliberately assessed CT dimensions along the center 

of the radiopaque basal frame, to reduce the impact of acquisition and reconstruction 

technique as well as artifacts.  
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CT-based SHV dimension assessment can be affected by artifacts due to the radiopaque 

component of the basal frame and sewing ring. These artifacts include, blooming 

artifacts due to partial volume averaging as well as beam-hardening and streak artifacts. 

Blooming artifacts lead to overestimation of the metal component size, and thus to an 

underestimation when attempting to derive an internal diameter of the SHV from CT. 

Similarly, streak artifacts can impair accurate contour detection. Further, the extent of 

blooming and streak artifacts are influenced by tube potential, reconstruction technique 

and kernel, and window settings, as explained in the supplement (7). Given these factors 

influence the appearance of metal components’, assessment of an internal diameter 

appears less robust. Instead, the technique employed in this study is independent of the 

above factors, by measuring along the center of the visualized radiopaque basal frame. 

 

Measurement variability within individual valve type and size was limited. Only the 

Mitroflow SHV demonstrated higher measurement variability, due to the non-planar 

configuration of the basal ring. There was no overlap among assessed dimensions 

between different labeled valve sizes, permitting unambiguous determination of the 

labeled SHV size.  

 

There is systematic discrepancy between the stent ID, defined as the inner diameter of 

the stent frame when covered with fabric or pericardium but without the valve leaflets 

and the true ID, accounting for the valve leaflet insertions (4). Importantly, CT does 

not appear capable of assessing the stent ID given the abovementioned impact on 

assessing the inner frame contour, nor can CT assess the true ID, which can only be 

assessed on a bench top. Thus, in the authors’ opinion, CT assessment should include 

a reproducible SHV size measurement, with subsequent comparison to a reference chart 
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for determining the manufacture’s labeled valve size, which can then be used to 

ascertain the stent ID and true ID, and the appropriate THV size using existing 

resources (8).  

 

Study limitations 

 

This is a single center study, with the available valve types and sizes limited to local 

practice. Older generation SHVs not commonly encountered in current clinical 

practice, such as the Carpentier-Edwards Standard were not included (9). The 

mechanism of aortic SHV degeneration and presence of pannus were not taken into 

account in the CT measurement.  

 

 

Conclusion 

 

The study provides a comprehensive reference chart of CT-derived SHV dimensions to 

allow identification of the manufacturers’ labeled size from CT measurements, and 

facilitate THV sizing for aVIV procedures. 

 

 

Impact on Daily practice 

 

CT may be used to determine the manufacturer labeled SHV size and guide aVIV 

procedural planning.  

Funding: None 
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Legends   

 

Figure 1 - Flow diagram demonstrating patient inclusion and exclusion.  

 

Figure 2 - Lateral and en face CT volume-rendered images and multiplanar reformats 

aligned with the basal SHV ring, demonstrating circular ROI measurement (red circle) 

centered within the radiopaque contour (bone window) for 10 commonly used SHVs.  

 

Figure 3 - (Figure 2 continued as Figure 3) Mosaic and Epic: measurement performed 

by fitting a circular ROI to the center of the thin radiolucent sewing ring 
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Table 1 – Reference chart of CT-derived SHV dimensions and manufacturers’ 
labeled size 
	

Aortic SHV Manufacturer 

ID (mm) 

CT Diameter 

(mm) 

CT area (mm2) n 

Perimount Magna Ease (Model 

3300TFX)  

19 Data n/a 
21 20.4 ±0.4 327 ± 10 5 
23 22.7 ± 0.4 407 ± 13 2 
25 24.5 ± 0.5 472 ± 17 10 
27 26.8 ± 0.1 568 ± 6 5 
29 28.9 ± 0.2 610 ± 110 5 

Perimount Magna (Model 

3000TFX)  

19 Data n/a 
21 20.7 ± 0.2 353 ± 46 7 
23 22.6 ± 0.3 401 ± 8 9 
25 24.8 ± 0.3 483 ± 10 8 
27 26.8 ± 0.3 570 ± 13 8 
29 29.1 ± 0.1 670 ± 11 2 

Perimount (Model 2900)  19 Data n/a 
21 20.8 ± 0.5 341 ± 12 6 
23 22.6 ± 0.2 401 ± 8 2 
25 24.6 ± 0.3 476 ± 138 6 
27 26.9 ± 0.1 563 ± 20 2 
29 n/a 

Carpentier-Edwards Supra-annular 

valve   

19 n/a 
21 21.1 ± 0.2 350 ± 5 3 
23 23.1 ± 0.2 419 ± 6 5 
25 25.0 ± 0.2 492 ± 6 3 
27 27.1 ± 0.2 578 ± 7 4 
29 n/a 

Perimount (Model 2700)  19 n/a 
21 20.7 ± 0.2 340 ± 5 5 
23 22.7 ± 0.1 408 ± 5 7 
25 25.1 496 ± 2 1 
27 26.6 ± 0.1 558 ± 10 2 
29 n/a 

Mosaic (Model 305)  19 n/a 
21 21.1 349 1 
23 22.7 ± 0.1 406 ± 5 5 
25 24.7 ± 0.2 482 ± 10 8 
27 26.9 ± 0.2 570 ± 7 6 
29 28.8 ± 0.1 656 ± 2 3 
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Mitroflow  19 n/a 

21 21.5 ±0.3 361 ± 7 6 
23 23.4 ± 0.3 431 ± 12 15 
25 25.5 ± 0.5 452 ± 7 8 
27 27.4 ± 0.02 596 ± 2 2 
29 n/a 

Trifecta  19 n/a 
21 20.5 ± 0.04 333 ± 2 7 
23 22.5 ± 0.05 386 ± 32 4 
25 24.6 ± 0.1 477 ± 5 2 
27 26.6 ± 0.0 559 ± 2 2 
29 28.5 642 1 

Epic   19 n/a 
21 21.1 350 ± 3 2 
23 22.7 404.0 1 
25 25.2 ± 0.1 498 ± 0 2 
27 26.8 ± 0.1 559 ± 3 2 
29 28.4 638.0 1 

Hancock  19 n/a 
21 n/a 
23 22.8 ± 0.5 408 ± 19 5 
25 25.1 ± 0.1 496 ± 3 2 
27 26.9 571 1 
29 29.2 ± 0.2 672 ± 8 2 

 

CT area and diameter stratified by manufacturer labeled SHV size; data are presented as mean ± SD; n, 

number of valves studied. ID: internal diameter, n/a: data not available 
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Supplementary	material		
	
	
Supplement	-	Methods	
	
 

Study population. CT data sets of patients who underwent planning for a potential 

aVIV procedure for failed SHV at St. Paul’s Hospital (Vancouver, BC) between 

October 2013 and December 2018 were included (in vivo imaging). We also obtained 

25 specimens from the Cardiovascular Tissue Registry at the Centre for Heart Lung 

innovation (University of British Columbia & St. Paul’s Hospital), to provide a more 

complete representation of commonly encountered SHVs (ex vivo imaging).  The 

Research Ethics Board, at the University of British Columbia – Providence Health Care 

approved this study. Medical records for all patients were reviewed to determine SHV 

type and manufacturer labeled SHV size recorded at the time of original surgical 

bioprosthetic valve replacement. Only patients with stented valves were included.  

 

Patients with an unknown valve type or size, rare valve types that did not sufficiently 

cover the current employed valve sizes, or incomplete documentation, were excluded 

from this analysis. Patients with stentless valves were excluded, given the absence of 

radiopaque structures for CT measurement as well as variable configuration due to the 

lack of a rigid scaffold (Figure 1).  

 

CT data acquisition and reconstruction. CT images of surgical heart valves were 

acquired using either a wide detector CT scanner (GE Revolution or GE 750HD, 

General Electric, Milwaukee). CT images were acquired and reconstructed according 

to current guidelines (5), employing retrospective ECG-gating, thin sliced collimation 

of 0.625mm, 120 kVP tube voltage and tube current adjusted to body habitus. Images 
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were reconstructed as multiphasic datasets in 10% intervals using a soft-tissue 

convolution kernel. Ex vivo specimens were scanned using similar acquisition and 

reconstruction parameters, without ECG-gating. 

 

Contrast enhanced CT-images, obtained as part of recommended routine planning of 

aVIV procedures were used for assessment of SHV size. However, in the presence of a 

contraindication to contrast, a non-contrast CT study may be used to fit a region of 

interest to the center of the radiopaque scaffold for measurement of SHV size. 

 

CT image analysis. CT images were analyzed using commercially available post-

processing software iNtuition (TeraRecon, Foster City, CA). Observers were blinded 

to the manufacturers’ labeled SHV size. Analysis was performed as follows: First, the 

reconstruction phase with the best image quality, i.e. the least motion artifacts and 

sharpest basal ring contours were identified. Using multiplane reformats, a plane 

transecting through the basal ring was created by manipulating the cross-hairs in the 

corresponding views. For non-planar basal rings, a plane demonstrating a most 

complete basal ring was identified. Window levels were adjusted to a standard bone 

window, defined by a window level of 800HU and a width of 2000HU, for 

measurement with reduced metal blooming. Measurements were performed by fitting 

a circular region of interest to the center of the radiopaque scaffold, i.e. centered 

between the inner and outer contour of the radiopaque scaffold. The circular region 

yielded area in [mm2] and diameter [mm]. Measurements were performed three times 

with subsequent averaging of values in order to mitigate measurement error. 
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Statistical analysis. All continuous variables are expressed as mean ± SD. Variables 

with non-normal distributions are presented as median with range. Pearson’s 

correlations were used to test association between CT measurements and manufacturer 

labeled SHV size. Intra-class correlation was performed to determine inter-observer 

variability, and Bland-Altman analyses for comparison of CT SHV size measurement 

between two clinician observers. Statistical analysis was performed using Prism 7.  

	
	
Supplement	–	Results	
	
 

Across all valve sizes, the mean difference between the manufacturers’ labeled SHV 

size and the CT assessed diameter of the circular ROI was -0.3±0.2mm for Perimount 

magna ease, -0.2±0.2mm for Perimount magna, -0.3±0.2mm for Perimount, -

0.2±0.2mm for Mosaic, -0.5±0.1mm for Trifecta, 0.5±0.1mm for Mitroflow, 

0.1±0.1mm for CE SAV, -0.2 ± 0.3mm for Epic -0.4±0.4 mm for Perimount 2700, and 

0±0.2mm for Hancock. 

 

Two CT imaging clinicians independently performed CT measurements for a subgroup 

of 75 SHVs, yielding an intraclass correlation coefficient of 0.99, indicating good inter-

observer variability. Bland-Altman analysis showed good agreement between 

clinicians (Supplementary Figure 3).  
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Supplement – Discussion 

 

For measurements, we deliberately assessed CT dimensions along the center of the 

visualized, radiopaque basal frame, in order to reduce the impact of acquisition and 

reconstruction technique as well as artifacts. CT-based assessment of SHV dimension 

can be affected by artifacts caused by the radiopaque component of the basal frame and 

sewing ring of stented SHVs. These artifacts include, blooming artifacts due to partial 

volume averaging as well as beam-hardening and streak artifacts. 

 

In CT imaging of SHVs, the extent of blooming and streak artifacts are influenced by 

the following (7): 1) tube potential, with less artifact and less blooming at higher tube 

voltage; 2) reconstruction technique, with less artifacts with higher degree of iterative 

reconstruction or use of a monoenergetic image at higher energy levels; 3) 

reconstruction kernel, with less artifact when using a harder kernel, i.e. a stent kernel, 

compared to a standard soft tissue convolution kernel; 4) window setting at time of 

image assessment, with less depiction of artifact when using a large width window, 

such as a ‘bone’ window. Given these factors influence the appearance of the metal 

components, assessment of an internal diameter appears less robust. Instead, the 

technique employed in this study, namely purposefully measuring along the center of 

the visualized radiopaque basal frame, allows for relative independence from the above 

listed factors. 
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Supplementary Figure Legend 

 

 

Supplementary Figure 1 

 

 

Graphs of CT derived SHV size versus manufacturer labeled SHV, for (a) Perimount 

Magna Ease (Model 3300TFX) (Edwards Lifesciences), (b) Perimount Magna (Model 

3000TFX) (Edwards Lifesciences), (c) Perimount (Model 2900) (Edwards 

Lifesciences), (d) Carpentier Edwards (CE) standard supra-annular valve (SAV) 

(Edwards Lifesciences),  

 

Supplementary Figure 2  

 

(Supplementary Figure 1 continued as Supplementary Figure 3) (e) Perimount (Model 

2700) (Edwards Lifesciences) , (f) Mosaic (Model 305) (Medtronic), (g) Mitroflow 

(Sorin), (h) Trifecta (St. Jude Medical), (i) Epic (St. Jude Medical), (j) Hancock 

(Medtronic). Data are presented as mean ± SD CT: Computed Tomography. Pearsons 

correlation coefficient (r) is presented for each graph. 

 

Supplementary Figure 3 

 

Bland-Altman Plot of CT based measurement of SHV size (diameter) for 2 clinician 

observers in a subgroup of the study cohort (n=75) 
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Supplementary	Figure	1	–	Graphs	of	measurements	stratified	by	valve	type	and	
size	
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Supplementary	Figure	2	
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Supplementary	Figure	3	
	
	
	
	

	
	
	
	
	
 


