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Introduction

Trans-catheter aortic valve implantation (TAVI) is a well-
established therapeutic option for patients with severe 
calcific aortic stenosis. Acute and medium-term results are 
encouraging (1-6), but potential limitations include higher 
rates of paravalvular aortic regurgitation (PVR) (7-11) and 

permanent pacemaker implantation (PPI) (12) compared 
to surgical prostheses. This may impact on longer term 
outcomes. Acutely, severe PVR is poorly tolerated and 
can be associated with cardiac failure, longer recovery 
time and increased in-hospital mortality (10,13,14), with 
mild to moderate PVR leading to less favourable clinical  
outcomes (15). PPI rates post TAVI are higher compared 
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to surgical aortic valve replacement and range from 
5–25% depending on the type of valve implanted (12). PPI 
increases the duration of hospitalisation, the rate of re-
hospitalisation and other potential complications (12).

There is increasing interest not only in quantifying total 
aortic valve calcification, but also the spatial distribution of 
aortic leaflet calcification and the effects of specific calcific 
distribution on clinical outcomes following TAVI. The 
severity of calcification of the non-coronary leaflet (NCL) 
was associated with significant PVR immediately after 
TAVI using the first generation self-expanding Medtronic 
CorevalveTM (Medtronic Inc., Minneapolis, MN, USA) (16). 
NCL calcification is also an independent predictor of PPI 
post TAVI using the balloon expandable SAPIEN 3TM valve 
(Edwards Lifesciences, Irvine, CA, USA) (17). The aim 
of this study was to further add to this knowledge base by 
assessing the feasibility of measuring the spatial distribution 
of aortic valve leaflet calcification in a large cohort of 
patients undergoing TAVI using the Medtronic Evolut RTM 
valve system, and to analyse the impact on the frequency 
and severity of PVR and PPI.

Methods

Patient population and TAVI procedure

This was a retrospective observational single centre 
study. Consecutive patients who had undergone TAVI 
with the self-expandable Medtronic Evolut RTM valve 
between January 2014 and November 2017 were eligible 
for inclusion. We chose these dates as it marked the 
beginning of the centre’s experience with the Evolut 
RTM, after transitioning from original CoreValveTM, and 
before transitioning again to the Evolut ProTM. Exclusion 
criteria included patients undergoing TAVI using other 
valve systems (either balloon or self-expandable), patients 
undergoing “valve-in-valve” TAVI, bicuspid aortic valves, 
or where the indication was for aortic regurgitation. 
Patients with a pre-existing pacemaker were excluded from 
analysis of pacing outcomes and conduction changes on the 
electrocardiograph, but these patients were included for 
analysis of PVR. TAVI was performed using either sedation 
or general anaesthesia. Ethical approval was obtained from 
the institutional ethics board.

Measurement of aortic valve calcification

Multi-detector computer tomography (CT) assessment of 

the aortic valve was performed on a Siemens SOMATOM 
Definition Flash Dual Source scanner (Siemens Medical 
Solutions Inc., Forchheim, Germany). Patients underwent 
electrocardiogram (ECG) triggered non-contrast CT 
in diastole for the assessment of aortic valve calcium 
using a tube voltage of 80–120 kV, and the tube current 
was adjusted based on the body habitus. Images were 
reconstructed with filter back projection (512 matrix size, 
slice thickness of 3-mm). The aortic valve calcium score was 
measured on a dedicated workstation (Terarecon Intuition 
software, Terarecon Medical Imaging, Frankfurt, Germany), 
(Figure 1). Regions of interests were drawn around the 
aortic valve leaflet and annular calcification. Multiplanar 
re-orientation of the aortic root allows identification and 
measurement of the individual aortic valve leaflets, and to 
exclude non-leaflet calcification. Calcium in the coronary 
arteries, mitral valve annulus, left ventricular outflow tract 
(LVOT), and aortic sinus were excluded (18). Total calcium 
score was measured on axial images.

The analysis of the calcium score in each individual 
leaflet was performed on short axis reconstructions. The 
quantifications were performed by two experienced observers 
who were blinded to clinical and echocardiographic data 
and who were also blinded to the original aortic valve 
calcium score measurement made at the time of the clinical 
CT reporting.

A pilot cohort of 23 patients was used to assess inter-
observer variability in measurements of calcium scores 
within each leaflet. Assessment of agreement between 
the total calcium score, measured at the time of clinical 
CT reporting, and the sum of the scores of the individual 
leaflets was also undertaken.

Study end-points

Paravalvular aortic regurgitation
Peri-procedural PVR was assessed using angiography with 
a pigtail catheter placed in the ascending aorta. PVR was 
then formally assessed with transthoracic echocardiography 
prior to discharge and typically within 3 days after 
implantation. Assessment of the aortic valve was made 
using a combination of parasternal long-axis views, apical 
5 chamber and apical 3 chamber views using conventional 
criteria. PVR was classified as mild, moderate or severe. We 
defined significant PVR as moderate or greater PVR on a 
pre-discharge echocardiogram. A secondary endpoint was 
the need for immediate balloon aortic valvuloplasty (BAV), 
or a second TAVI because of significant PVR.
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Permanent pacemaker insertion and conduction 
abnormalities
All patients without a pre-existing permanent pacemaker 
were assessed immediately post implantation for significant 
conduction abnormalities and the decision to proceed 
with PPI was at the discretion of the treating cardiologist, 

in consultation with an electrophysiologist. The patient’s 
medical record was searched for the most recent 12-lead 
ECG before TAVI and for a 12-lead ECG performed post 
TAVI but prior to discharge. The PR interval and QRS 
duration were recorded as well as the presence of new onset 
bundle branch block (BBB).

Figure 1 Aortic valve and individual aortic valve leaflet calcification assessment. (A-C) Multi-planar re-orientation of the aortic root allowing 
alignment to delineate the individual aortic leaflets and to avoid ascending aorta or other calcium; (D-F) demonstrates the measurement of 
individual aortic leaflet calcium in the absence of ascending aorta calcium; (G-I) demonstrates the measurement of total aortic (2,954 AU) in 
the absence of ascending aorta calcium. LCL, left coronary leaflet; NCL, non-coronary leaflet; RCL, right coronary leaflet; AU, Agatston unit.
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Statistical analysis

Continuous variables are displayed as mean and standard 
deviation, or median and interquartile range if not normally 
distributed. Categorical variables are displayed as count and 
percentage. Comparison between continuous variables was 
made using t-tests or Mann-Whitney U test depending on 
the normality of the data. Chi-square or Fisher exact tests 
were used to compare categorical variables. Assessment of 
agreement between the sum of the off-line measured aortic 
valve leaflet calcium score and the originally measured 
result was performed using t-tests, Spearman correlation 
coefficient and Bland-Altman plots. We performed 
univariate and multivariate logistic regression to analyse 
the effect of the aortic valve leaflet calcium score on the 
risk for PVR and PPI. Because of the limited number of 
events of PVR, we adjusted for trans-catheter heart valve 
under sizing (dichotomous variable defined based on the 
manufacturer’s CT derived perimeter recommended size 
and the actual implanted size) and eccentricity index of 
>0.25 (1 – dmin/dmax) (19) in the multivariate analysis. All 
statistical analyses were performed using STATA version 14 
(StataCorp, TX, USA).

Results

We identified 251 consecutive patients who had undergone 
TAVI using the Medtronic Evolut RTM between January 
2014 and December 2017, baseline characteristics were 
obtained (Table 1).

Assessment of aortic valve leaflet calcium scores

We performed a pilot study with 23 patients to assess the 
inter-observer variability in the measurement of the aortic 
valve leaflet calcium. Two investigators independently 
measured the Agatston score in each aortic valve leaflet, 
blinded to the results of the other with a high degree 
of correlation between measurements with each leaflet 
measurement demonstrating correlation coefficients greater 
than 0.92 (Figure 2). Bland-Altman plots did not show any 
evidence of systematic bias.

The mean total sum of the scores was 3,661±1,995 
Agatston unit (AU) in males and 2,802±1,516 AU in females. 
The mean difference between the sum of the individual 
scores and the overall score was 23 [95% confidence 
interval (CI): –17.22 to 76.77]. There was a high correlation 
(Spearman correlation coefficient =0.96) between the sum 

of the individual aortic valve leaflet calcium scores and 
the originally calculated total aortic valve calcium score  
(Figure 3). Bland-Altman plots (Figure 4) showed no visual 
evidence of systematic bias between the two scores.

In our study group, the NCL had the highest mean 
calcium score (1,210±726 AU) and the right coronary leaflet 
(RCL) had the lowest calcium score (953±644 AU). There 
was a statistically significant difference in calcium scores 
between the left coronary leaflet (LCL) and RCL (P<0.001), 
the LCL and NCL (P=0.04), and the NCL and RCL 
(P<0.001) (Table 2).

Paravalvular aortic regurgitation

At the time of discharge, echocardiographic information 
was available for 241 patients. The majority of patients 
(217; 90%) had mild or less PVR, and 24 patients (10%) 
had moderate or greater PVR. A 100 AU increase in RCL 
calcium score was associated with increased risk of PVR on 
both univariate [odds ratio (OR): 1.08; 95% CI: 1.02–1.13] 
and multivariate (OR: 1.07; 95% CI: 1.01–1.13) analysis. 
The LCL calcium score was also associated with increased 
risk of PVR on univariate (OR: 1.06; 95% CI: 1.01–1.11) 
and multivariate (OR: 1.05; 95% CI: 1.00–1.10) (Table 3). 
No association was found between the NCL calcium score 
and risk of PVR.

Association between aortic valve calcium score and need for 
post-implantation BAV

There was a statistically significant association between 
an increase in the aortic valve calcium score (per 100 AU 
increase) and need for post-implantation BAV on both 
univariate (OR: 1.02; 95% CI: 1.01–1.034, P=0.002) and 
after adjustment for under sizing and patients with high 
eccentricity index (OR: 1.02; 95% CI: 1.007–1.036). The 
association was strongest with increases in LCL calcium, 
and this was significant on both univariate and multivariate 
assessment (Table 4).

Effect of AV calcium score on need for pacing and change 
in conduction

Out of 251 patients, 24 patients had received a PPI prior 
to TAVI and were therefore excluded from analysis. Of 
the remaining 227 patients, 51 (22.5%) underwent PPI 
after TAVI. There was no association identified between a  
100 AU increase in the total AV calcium score and risk 
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of PPM insertion (OR: 1.01; 95% CI: 0.99–1.03). When 
individual valve leaflets were assessed, no significant 
association was found (LCL: OR: 1.03, 95% CI: 0.99–1.07; 
NCL: OR: 1.02, 95% CI: 0.98–1.06; RCL: OR: 1.01, 95% 
CI: 0.97–1.06). There was no identified association between 
the presence of LVOT calcification and risk of PPI (OR: 
0.86; 95% CI: 0.38–1.93).

We analysed differences in PR interval in patients with 
sinus rhythm before and after the TAVI: in 146 patients 
with recorded pre- and post-procedure PR intervals. 
The mean increase in PR interval duration after TAVI 
in patients with below median NCL calcium scores was 
5.1±23.8 compared to 12.3±32.1 ms (P=0.13) with above 
median calcium scores. A similar difference in PR interval 
elongation was found with below vs. above median LCL 
calcium scores (6.2±26.3 vs. 11.3±30.2 ms, P=0.28), while 
there was minimal difference when assessing RCL scores 
(Figure 5A,B,C), There were no differences in the degree of 
QRS duration elongation after TAVI in patients with above 
or below median calcium scores in each individual valve 
leaflet (Figure 5D,E,F) (RCL P=0.40, LCL P=0.41, and 
NCL P=0.99)

Discussion

Our study aimed to demonstrate the feasibility of individual 

Table 1 Baseline characteristics

Variables Total (n=270)

Age (years) 83 [78–86]

Male sex, n (%) 148 (54.81)

BMI 26.9 (23.5–30.3)

Diabetes, n (%)

Non insulin dependent 40 (14.81)

Insulin dependent 13 (4.81)

Dyslipidaemia, n (%) 155 (37.XX)

Hypertension, n (%) 165 (61.57)

CVA or TIA, n (%) 22 (8.15)

Smoking history, n (%) 140 (51.85)

COPD, n (%) 33 (12.22)

Previous MI, n (%) 32 (11.85)

Peripheral vascular disease, n (%) 18 (6.67)

History of AF, n (%) 77 (28.51)

Previous CABG, n (%) 17 (6.30)

Medications, n (%)

Aspirin 142 (53.18)

Statins 165 (61.57)

Beta blockers 78 (28.89)

ACE or ARB 80 (29.63)

Aldosterone antagonists 27 (10.04)

Digoxin 16 (5.99)

Calcium channel blockers 25 (9.33)

P2Y12 inhibitor 98 (36.29)

Echocardiogram

Peak AV gradient (mmHg) 78.7±23.11

LVEF (%) 54±11.6

Aortic valve area (cm2) 0.70±0.18

Moderate or greater MR (n=261), n (%) 17 (6.51)

Valve type, n (%)

Corevalve 17 (6.30)

Evolut R 251 (92.96)

Evolut Pro 2 (0.74)

Table 1 (continued)

Table 1 (continued)

Variables Total (n=270)

Valve size, n (%)

23 mm 51 (18.89)

26 mm 113 (41.85)

29 mm 100 (37.04)

31 mm 2 (0.74)

34 mm 4 (1.48)

Continuous variables with normal distributions are presented 
as mean (standard deviation); non-normal variables were 
reported as median (interquartile range). BMI, body mass 
index; CVA, cerebrovascular accident; TIA, transient ischemic 
attack; COPD, chronic obstructive pulmonary disease; MI, 
myocardial infarction; AF, atrial fibrillation; CABG, coronary 
artery bypass grafting; ACE, angiotensin-converting enzyme; 
ARB, angiotensin-receptor blocker; AV, aortic valve; LVEF, left 
ventricular ejection fraction; MR, mitral regurgitation.
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aortic leaflet calcification measurement and to investigate its 
association between PVR and PPI in a contemporary cohort 
of patients treated with the Evolut RTM valve system.

Firstly, we have demonstrated that measurement of 
individual aortic valve calcium scores is feasible using the 
short axial stack, previous studies have looked at the trans-
axial view that is utilized. It demonstrated close agreement 
to the score obtained when measuring total valve calcium 
score with the Agatston method. This adds to the growing 
data on measurement of aortic valve calcium, which has 
already shown high levels of agreement between pre-surgery 
CT aortic valve calcium scores and ex-vivo calcium content 
using the volume scoring system (20). Commercially 
available software platforms (GE, Philips, Siemens, 
3mensio) have also shown strong levels of agreement with 
comparable results for calcium scoring using the volume 
score (19). Terarecon was not included in this analysis 
and we believe this is the first study to demonstrate that 
Terarecon can be used for quantifying aortic valve calcium 
with good agreement between individual calcium leaflet 
scores and the total calcium score using the Agatston 
method.

Secondly, we looked at the consequences of calcification 
on PVR. It is well accepted that the presence of extensive 
calcification in the landing zone precludes complete 
prosthesis expansion and its precise apposition to the native 
valve and LVOT (17,21-26). Delgado et al. was one of the 
first groups that used multi-detector computer tomography 

(MDCT) to demonstrate an association between the 
degree of calcification and PVR in TAVI patients (26). 
More recently attention has focused on the effects of 
individual aortic leaflet and LVOT calcification. Significant 
calcification of the NCL has been associated with 
significant PVR using the first generation self-expanding 
Medtronic CorevalveTM (16). Conversely, our experience 
with the second-generation Medtronic Corevalve Evolut 
RTM demonstrated that RCL and LCL calcification was 
more strongly associated with PVR than NCL calcification, 
even after adjustment for elliptical annulus and valve sizing 
relative to the CT derived perimeter measurement. This is 
likely secondary to differences in frame design between the 
devices. Compared with the CorevalveTM device, the Evolut 
RTM device frame design provides more consistent radial 
force across the annular range, and the sealing skirt. Sealing 
skirts have been shown to lower the rates of PVR (27). The 
newer Medtronic devices also have ability to recapture 
and reposition the device (5,28), which allows operators 
to achieve optimal valve position and to minimise PVR. 
Although multivariate analysis was performed, it is difficult 
to determine which if any of these features may contribute 
to changes in PVR severity and position. Moreover, perhaps 
the explanation is similar in that asymmetry of the aortic 
valve calcium. In this study a difference of 100 HU between 
the RCL or LCL and the NCL predisposed to PVR. 
Of note the Acurate neo valveTM (Boston Scientific) has 
also developed their own new frame design to offer more 

Figure 2 Aortic valve and individual aortic valve leaflet calcification scores. (A) Aortic valve calcium score trans-axial view; and (B) aortic 
valve calcium score en-face view. LCL, left coronary leaflet; NCL, non-coronary leaflet; RCL, right coronary leaflet; AU, Agatston unit.

A B Total =1962AU

LCL: 589AU

RCL: 378AU

NCL: 935AU

RCL
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consistent radial force. However, the SCOPE I trial showed 
that TAVI with the self-expanding Acurate neo valveTM did 
not meet criteria for non-inferiority compared with balloon-
expandable Sapien 3TM valve among patients undergoing 
trans-femoral TAVI with respect to PVR (29). The Sapien 
3TM device has a novel flared inflow morphology which 

may also contribute to a lesser degree of PVR with new 
generation devices (30).

Thirdly, we found no significant association between 
individual calcium leaflet burden and risk of PPI. Further, 
there was no identified association between the presence 
of LVOT calcification and risk of PPI. The PPI rate post 
CoreValve Evolut RTM prosthesis has been evaluated in 
numerous studies and varies from 14.7% (31) to 26.7% (3).  
Previously, identified risk factors for PPI, primarily 
with self-expanding design, include RBBB, low device 
implantation, conduction system abnormalities, and ratio 
of bioprosthesis diameter to LVOT diameter (29,31,32). 
A lack of association seen in this study may again be 

Figure 3 Intra-observer variability. (A-C) Scatter plots with line 
of best fit and spearman correlation coefficients for measured 
individual aortic valve leaflet scores between two independent 
blinded reporting doctors.

Figure 4 The relationship between total aortic valve calcification 
and the sum of individual aortic leaflet calcification. (A) Scatter 
plot comparing routinely measured aortic valve calcium score with 
the sum of the scores of each individual aortic valve leaflet; (B) 
Bland-Altman plot demonstrating no evidence of systematic bias 
between each measurement method.
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explained in part by the frame design. The aortic valve 
is in close anatomical proximity to the AV node and left 
bundle branch (33). Applying consistent radial force across 
the annular range, rather than a focus in the annulus, such 
as near the AV node. Data from CT scans performed in 
patients treated with the SAPIEN 3TM showed that the 
amount of calcification in the device landing zone was 

independently associated with post-TAVI PPI (16,26,34). 
Direct mechanical trauma or compression of the AV node 
or the left bundle branch by balloon dilation or prosthesis 
implantation can cause a high-degree AV block or left 
bundle BBB during or after TAVI (35). Our findings are 
consistent with previous studies that the second-generation 
Medtronic Corevalve Evolut RTM rates of PPI are 23%. 

Table 2 Individual aortic valve leaflet Agatston scores

Variables Calcium score (AU) Indexed for BSA (AU/m
2
) Indexed for perimeter (AU/cm)

LCL calcium score 1,119±768 637±436 14.47±9.5

RCL calcium score 953±644 541±371 12.31±7.8

NCL calcium score 1,210±727 696±417 15.71±8.68

Total 3,278±1,844 1,872±1,054 41.91±22.56

AV calcium score 3,244±1,896 1,855±1,088 42.44±22.01

Agatston scores indexed for BSA; and Agatston scores indexed for CT derived perimeter measurements. BSA, body surface area; CT, 
computed tomography; AU, Agatston unit; LCL, left coronary leaflet; RCL, right coronary leaflet; NCL, non-coronary leaflet; AV, aortic 
valve.

Table 3 Association between aortic valve leaflet calcium score (per 100 AU increase) and paravalvular leak on univariate analysis; and adjusted for 
valve under sizing and annulus eccentricity

Variables
Univariate analysis

Adjusted for valve under sizing and annulus 
eccentricity

OR (95% CI) P value OR (95% CI) P value

NCL calcium score (per 100 AU increase) 1.04 (0.98–1.09) 0.18 1.03 (0.98–1.08) 0.305

LCL calcium score (per 100 AU increase) 1.06 (1.01–1.11) 0.02 1.05 (1–1.1) 0.047

RCL calcium score (per 100 AU increase) 1.08 (1.02–1.14) 0.007 1.07 (1.01–1.13) 0.021

AV calcium score (per 100 AU increase) 1.02 (1.01–1.04) 0.011 1.02 (1–1.04) 0.033

OR, odds ratio; CI, confidence interval; AU, Agatston unit; NCL, non-coronary leaflet; LCL, left coronary leaflet; RCL, right coronary leaflet; 
AV, aortic valve.

Table 4 Association between aortic valve leaflet calcium score (per 100 AU increase) and requirement for post-TAVI balloon valvuloplasty; and 
adjusted for valve under sizing and annulus eccentricity

Variables
Univariate analysis

Adjusted for valve under sizing and annulus 
eccentricity

OR (95% CI) P value OR (95% CI) P value

NCL calcium score (per 100 AU increase) 1.03 (0.99–1.07) 0.103 1.03 (0.99–1.07) 0.145

LCL calcium score (per 100 AU increase) 1.07 (1.03–1.11) <0.001 1.07 (1.03–1.11) 0.001

RCL calcium score (per 100 AU increase) 1.04 (1–1.09) 0.045 1.04 (1–1.08) 0.074

AV calcium score (per 100 AU increase) 1.02 (1.01–1.04) 0.002 1.02 (1.01–1.04) 0.004

OR, odds ratio; CI, confidence interval; AU, Agatston unit; LCL, left coronary leaflet; NCL, non-coronary leaflet; RCL, right coronary leaflet; 
AV, aortic valve.
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Figure 5 Column charts demonstrating (A-C) the increase in PR interval post TAVI in the RCL, LCL and NCL respectively above and 
below the median; (D-F) the increase in QRS interval post TAVI the RCL, LCL and NCL respectively above and below the median. TAVI, 
trans-catheter aortic valve implantation; LCL, left coronary leaflet; NCL, non-coronary leaflet; RCL, right coronary leaflet.
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However, there was no predisposition to spatial distribution 
of calcium on PPI rates. Aortic valve calcium score 
appeared to have a larger effect on PR interval compared to 
QRS interval although this was not statistically significant. 
Further, it should be noted that the bundle of His and 
branches sit below the valve annulus so the displacement of 
the valve leaflets into the sinuses may not necessarily cause 
conduction problems. This would also explain why little 
association was found between valve leaflet calcium scores 
and lengthening of QRS duration.

Finally, the anatomical proximity to the conduction 
system of LVOT calcification may play an important 
determinant for risk of conduction abnormalities and 
pacing too. Indeed, the Lotus valve showed an independent 
association between the LVOT calcification as assessed with 
CT and increased risk of post-TAVI PPI (36). However, 
there was no identified association between the presence of 
LVOT calcification and risk of PPI in our study.

One limitation of this study is our use of the Agatston 
scoring method over the volume method. The specification 
for calcium scoring were developed for electron beam 
CT scanners and have since been adapted to modern dual 
source scanners and MDCT scanners (37). The Agatston 
scoring system gives a maximum CT attenuation to each 
lesion. A weight of 1 is given for attenuation of 130 to 199; 
2 for 200 to 299; 3 for 300 to 399; and 4 for attenuation 
≥400 (18). In contrast, the volume score does not apply 
a density weighting. It simply measures the volume of 
calcium (pixels with HU >130). We chose the Agatston 
score as it is the standard technique for the evaluation of 
aortic valve severity. There is reported improved interscan 
reproducibility with the volume method compared to the 
Agatston method, although any differences are modest (38). 
With a relatively large slice thickness (3 mm on MDCT) 
small and low-density calcifications may not reach the 
130 HU threshold due to partial volume effect, however, 
given the high burden of calcium in severe aortic stenosis 
this would not significantly affect our result. Further, the 
reproducibility of calcium score does decrease with large 
slice thickness, however, this is likely more significant in 
small calcification deposits, in particular in the coronary 
calcium setting. That is to say the larger the calcium 
burden, it is anticipated that there would be a smaller 
standard error. The high degree of correlation with inter-
observer measurements would support this. Further recent 
advances in iterative reconstruction have improved signal to 
noise in the processed image, potentially also allowing for 

increased calcium-score accuracy (39,40) with the Agatston 
method.

Conclusions

Individual aortic valve leaflet calcium quantification is 
feasible using the short axis view on Terarecon software 
platform, and correlates well with the total calcium score. 
Asymmetry in the severely calcified aortic valve at the 
RCL and LCL as determined by aortic leaflet calcification 
difference of 100 HU was associated with an increased 
risk of PVR with the Medtronic Evolut RTM valve system. 
This supports the idea that a quantifiable and reproducible 
method of individual valve leaflet calcification score may 
serve as an independent risk factor for PVR, beyond visual 
assessment of asymmetry. However, the same may not be 
true of spatial calcium distribution and PPI.
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