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ABSTRACT

Background Although transcatheter aortic valve implantation (TAVI) has 
emerged as a good alternative treatment option for high surgical risk patients with 
severe aortic valve stenosis, significant paravalvular aortic regurgitation (PAR) 
remains a frequent complication. Therefore our aim was to investigate the determi-
nants and short- and mid-term clinical consequences of PAR. 

Methods We studied 140 patients (mean age 81±8 years, 54 male) who un-
derwent a TAVI with the Medtronic-CoreValve bioprosthesis. Clinical parameters 
were obtained from the medical history, laboratory analysis, echocardiography, 
cardiac computed tomography and angiography. Clinical outcome was assessed 
up to 12 months after TAVI.  

Results  Following TAVI, PAR grade ≥2 occurred in 41 patients (29%). 
Multivariate analysis identified sinus width (per mm, OR: 1.34, 95%CI: 1.13-1.59, 
p=0.001) as only independent predictor for PAR≥2. Both thirty-day mortality (20% 
vs. 7%; p<0.039) and 1 year cumulative mortality (Hazard ratio (HR): 2.11, 95%CI: 
1.01-4.40) were significantly higher in the PAR≥2 group versus the PAR<2 group. 
Cardiac mortality at 1 month (15% vs. 0%; p<0.001) and 1 year (HR: 5.25, 95%CI: 
1.68-16.39) were significantly higher in the PAR≥2 group versus the PAR<2 group. 

Conclusions Significant paravalvular aortic regurgitation occurs in 29% of 
patients treated with transcatheter aortic valve implantation using the Medtronic-
CoreValve device. A wider diameter of the sinus of Valsalva was strongly associ-
ated with a higher risk for significant PAR. Significant PAR is associated with 
all-cause mortality, mainly determined by cardiac death. In comparison with 
non-significant PAR, significant PAR does not result in a worse functional class at 
follow-up. 
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Introduction

In the last few years, transcatheter aortic valve implantation (TAVI) has emerged 
as a successful alternative treatment option for patients with severe degenera-
tive aortic valve stenosis, who are considered not suitable for conventional aortic 
valve surgery, due to their high surgical risk.1-4 Although the procedural success 
and marked short- and midterm hemodynamic and clinical improvements have 
been demonstrated in most of the patients treated with TAVI, paravalvular aortic 
regurgitation (PAR) remains a frequent complication, with a reported incidence of 
40-77% of mild and 8-34% of at least moderate regurgitation.2-13 Paravalvular aortic 
regurgitation is caused by incomplete attachment and alignment of the valve pros-
thesis to the aortic annulus and may result from non-circular stent deployment, a 
large annulus relative to the prosthesis (undersizing), severe calcifications of the 
native aortic valve captured between the device and the annular wall, or a combi-
nation of these factors.7;8;11;14 A recent study reported that the angle and depth of the 
Medtronic-CoreValve prosthesis implantation determined significant PAR.12

Significant PAR after TAVI is thought to be tolerated well by the majority of the 
patients, and is therefore usually accepted. However, the short- and mid-term 
clinical consequences of significant PAR following TAVI have been scarcely de-
scribed.5;11 Therefore the purposes of our study were: (1) to investigate the occur-
rence of significant PAR following TAVI, (2) to identify possible determinants of 
significant PAR and (3) to evaluate the short- and mid-term clinical effects of PAR. 

Methods

Patients and transcatheter valve procedure

In a single-center prospective observational study, 140 consecutive patients were 
recruited between October 2007 and March 2012, who underwent successful 
transcatheter aortic valve implantation with the Medtronic-CoreValve® biopros-
thesis (Corevalve Inc, Irvine, CA) via the transfemoral approach. Patients who died 
during (n=1) or within 24 hours after the procedure (n=2) were excluded, since no 
adequate postprocedural echocardiography could be performed. All patients who 
were selected for TAVI had symptomatic severe degenerative aortic valve stenosis 
(aortic valve area < 1.0 cm2), aortic valve annuli of 20-27 mm, a suitable femoral 
access and were rejected or had a high risk for conventional aortic valve surgery. 
Patients with annuli of 20-24 mm received a small (26 mm) prosthesis and patients 
with annuli of 24-27 mm a large (29 mm) prosthesis. Other clinical and anatomical 
criteria for our selection of patients for TAVI were in accord with the investiga-
tional study of the third generation 18F CoreValve device.1;15 All patients treated 
in our transcatheter valve program have been entered in a prospectively designed 
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protocol and dedicated database.
Implantation of the third generation 18 F CoreValve aortic valve bioprosthesis was 
performed in the catheterization laboratory under general (n=62) or local anes-
thesia (n=78). The procedural technique of TAVI with the Medtronic-CoreValve 
bioprosthesis has been described previously.1;15;16 In all patients, the device was 
implanted via the retrograde transfemoral approach. 
 
Echocardiographic assessments

Preprocedural and postprocedural transthoracic echocardiography was performed 
in all patients as routine patient care using the GE Vivid 7 machine (GE Healthcare, 
Horten, Norway) equipped with 2.5-3.5 MHz transducers with M-mode, two-di-
mensional, pulsed, continuous, and color-flow Doppler capabilities. In the apical-5 
chamber view or occasionally the suprasternal notch or right parasternal views, 
mean and maximal instantaneous aortic pressure gradients were calculated from 
velocities measured in the left ventricular outflow tract and the aorta using the 
modified Bernoulli equation. The aortic valve area was calculated by the continuity 
equation. The diameter of the left ventricular outflow tract was measured from the 
parasternal long-axis view. 
Cross-sectional, two-dimensionally guided M-mode recordings were performed 
to assess left ventricular dimensions in the parasternal long axis view, including 
LV end-diastolic internal diameter (LVEDd), LV end-diastolic interventricular 
septal thickness (IVSd) and LV end-diastolic posterior wall thickness (PWd). Left 
ventricular mass (LVM) was calculated using the corrected formula from Devereux 
and colleagues.17

Pre- and postprocedural (paravalvular) aortic regurgitation severity were evaluat-
ed semi-quantitatively using a integrative approach of Doppler parameters consist-
ing of jet deceleration rate (i.e. pressure half time), jet width or jet area in the left 
ventricular outflow tract, diastolic flow reversal in the descending aorta and also 
where appropriate aortic valve regurgitant volumes and fractions, according to the 
criteria of the American Society of Echocardiography. Severity of aortic regurgita-
tion was graded as: none (grade 0), trivial or mild (grade 1), moderate (grade 2), 
moderate-severe (grade 3) and severe (grade 4).18 

Other echocardiographic parameters, included pulmonary artery pressure and 
mitral valve regurgitation. The presence of postprocedural significant paravalvular 
aortic regurgitation was defined as at least grade 2 aortic regurgitation of paraval-
vular origin, as assessed by transthoracic echocardiography 3 to 7 days after TAVI. 

Multi-detector row computed tomographic assessment

In 87 patients, a 64 slice multi-detector CT scanner (Brilliance 64, Philips Medical 
Systems, Netherlands) was used prior to the procedure to obtain cardiac images, as 
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part of the screening for TAVI suitability. Scanning was performed with a dedi-
cated protocol: 120 kV, average 500 mA, a detector collimation of 0.625 mm and a 
gantry rotation speed of 420 ms. 
Analysis of scans was performed on a dedicated workstation (Philips Extended 
Brilliance Workspace) by consensus of 2 observers. The double oblique transverse 
(DOT) cuts through the aortic root and valve were obtained by correct orientation 
of the reconstructed single oblique sagittal and coronal projections of the aortic 
valve, as described before.19 This axial view allows the assessment of aortic valve 
morphology as well as the extent and location of calcifications. The aortic annulus 
(base of the native valve leaflets) diameters were measured in the oblique sagit-
tal plane (smallest diameter) and in the oblique coronal plane (largest diameter). 
The mean annulus diameter was calculated by dividing the sum of the sagittal 
and coronal diameters by two. The eccentricity index was calculated as 1-(sagit-
tal diameter/coronal diameter). The closer to 0, the more circular the annulus is. 
An ellipsoid-shaped aortic annulus was considered when the eccentricity index 
was >0.1. Aortic root dimensions included diameters of the sino-tubular junction 
(smallest, largest and average diameter) and sinus of Valsalva (sagittal, coronal and 
mean diameter). The “cover index” represents the degree of congruence between 
the aortic annulus and the device and is expressed as a ratio of: 100 × ([prosthesis 
diameter - CT annulus diameter]/prosthesis diameter).8 Aortic valve calcification 
was assessed in the transverse views and calculated as the total valvular Agatston 
score with a detection threshold of 500 Hounsfield units (contrast enhanced im-
ages), as described previously.10;20  

Angiographic assessment of aortic root anatomy and device position 

Aortic root angiography in the 50° left anterior oblique (LAO) view and 30° right 
anterior oblique (RAO) view was performed in all patients within 1 month prior to 
the TAVI procedure, as part of the routine work-up for TAVI. The angle between 
the LVOT and ascending aorta axes (    LVOT-Ao) was measured in the RAO 30° 
view as described previously.12  
At the end of the TAVI procedure, post-deployment device position was assessed 
with a final aortic root angiography in the RAO projection with the inflow part of 
the metal frame aligned as much as possible in one plane. Prosthesis depth was 
defined as the distance between the native aortic valve annulus and the deepest 
(most proximal) edge of the stent-frame. An optimal prosthesis depth was defined 
as between 5 and 10 mm below the annular margin, as previously described.9

Clinical follow-up and other parameters

Follow-up of the patients after TAVI took place as part of the routine patient care. 
Data were collected at the follow-up time points of 1 month, 6 and 12 months, 
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and included NYHA class, serum NT-proBNP concentrations and echocardio-
graphic parameters. Cardiac mortality was defined as death as a direct result of a 
cardiac problem, such as low cardiac output (requiring medical or mechanical left 
ventricular support), myocardial infarction, sudden cardiac arrest or ventricular 
fibrillation. The VARC-combined safety endpoint is defined as the occurrence of 
either one of the following events up to 30 days postprocedure: all-cause mortality, 
major stroke, life-threatening or disabling bleeding, acute kidney injury stage 3, 
periprocedural MI, and repeat procedure for valve-related dysfunction (surgical or 
interventional therapy).21 Mortality within one year following TAVI was recorded, 
as well as the cause and date of death. 

Statistical analysis

Continuous variables are presented as mean and standard deviation or as median 
and interquartile range (IQR: 25-75%), where appropriate. Differences of a continu-
ous variable between two independent groups were analyzed with a two-tailed 
Student’s t-test or Mann-Whitney U test, where appropriate. Categorical variables 
are expressed as number and percentages and were compared between two inde-
pendent groups using the Fisher exact test. A stepwise logistic regression analysis 
including all variables with P-value < 0.1 in the univariable analysis was used to 
determine the predictive factors of grade 2 or more PAR. 
To compare the change in aortic regurgitation grade or NYHA class within 1 group 
between different time points, the Wilcoxon signed rank test was used. The log-
rank test was used to assess differences in survival between the group with PAR 
less than grade 2 and the group with PAR grade 2 or more. Statistical significance 
was defined as P<0.05. Statistical analysis was performed using GraphPadPrism 
version 5.00 and the statistical software SPSS 17.0 for windows (SPSS Inc., Chicago, 
IL). 

Results

Patients

Baseline characteristics of the 140 patients who underwent TAVI are shown in 
table 1. The mean age was 81±8 years and 54 (39%) of the patients were male. All 
patients had a severe aortic valve stenosis with a mean indexed aortic valve area of 
0.41±0.12 cm2/m2 and a peak aortic pressure gradient of 75±23 mmHg. All patients 
were denied conventional open heart surgery by the heart team due to an unac-
ceptable surgical risk: mean logistic EuroSCORE: 18.7±12.6 and mean STS score: 
6.0±3.7. Thirty-nine patients (28%) received a 29-mm (large) prosthesis, and 101 
patients a 26-mm (small) prosthesis. Four patients needed postdilatation of the 
valve prosthesis performed during the index procedure, because of significant 
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paravalvular aortic regurgitation discovered directly after prosthesis implantation 
by transoesophageal echocardiography. The final aortic regurgitation grades after 
postdilatation in these patients were 1, 2, 2 and 3, respectively. The 30-day all cause 
mortality was 15 (11%), with 6 cardiac deaths (low cardiac output) and 9 non-cardi-
ac deaths (stroke and infectious or pulmonary causes). 

  Table 1. Pre-, peri- and postprocedural data of patients 
(n=140)   

      

 Patient data     
 Age, yrs 80.8 ± 7.7  
 BMI, kg/m2 27.7 ± 5.4  
 BSA, m2 1.85 ± 0.19  
 Male gender 54 ( 39 )  
 Clinical history     
 Hypertension 71 ( 51 )  
 Diabetes Mellitus 41 ( 29 )  
 Hypercholesterolemia 18 ( 13 )  
 Prior myocardial infarction 30 ( 21 )  
 Previous PCI 48 ( 34 )  
 CABG 17 ( 12 )  
 COPD 46 ( 33 )  
 Peripheral arterial disease 27 ( 19 )  
 Atrial fibrillation 42 ( 30 )  
 NYHA class ≥ 3 97 ( 69 )  
 Logistic EuroSCORE 18.7 ± 12.6  
 STS score 6.0 ± 3.7  
      

 Preprocedural data     
 Indexed EOA, cm2/m2 0.41 ± 0.12  
 AVPG max, mmHg 75 ± 23  
 AVPG mean, mmHg 49 ± 16  
 LVOT diameter, mm 21 ± 2  
 Annulus diameter, mm 23.7 ± 2.5  
 LVEF ≤ 40% 33 ( 24 )  
 LVMI, g/m2 151.0 ± 44.0  
 AR grade ≥ 2 27 ( 19 )  
 MR grade ≥ 3 12 ( 9 )  
 PAP, mmHg 42 ± 12  
      

 Procedural data     
 Sedative anesthesia 78 ( 56 )  
 29 mm prosthesis 39 ( 28 )  
 Balloon diameter, mm 21 ± 2  
 Postdilatation 4 ( 3 )  
 Procedural duration, min 85 ± 30  
      

 Postprocedural variables     
 Indexed EOA, cm2/m2 1.08 ± 0.27  
 AVPG max, mmHg 20 ± 8  
 AVPG mean, mmHg 12 ± 5  
 AR grade ≥ 2 41 ( 29 )  
 30-day mortality 15 ( 11 )  
 VARC combined endpoint 23 ( 16 )  
      

 

Values are n (%) or mean ± SD. BMI, body mass index; BSA, body 
surface area; PCI, percutaneous coronary intervention; CABG, 
coronary artery bypass graft; COPD, chronic obstructive pulmonary 
disease; NYHA, New York Heart Association; STS, society of 
thoracic surgeons; EOA, effective orifice area; AVPG, aortic valve 
pressure gradient; LVOT, left ventricular outflow tract; LVEF, left 
ventricular ejection fraction; LVMI, left ventricular mass index; AR, 
aortic regurgitation; MR, mitral regurgitation; PAP, pulmonary 
artery pressure; VARC, valve acedademic research consortium 
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Figure 1: Change in aortic regurgitation grade following transcatheter aortic valve implantation up to 1 
year follow-up. * P-value for difference in AR grade with previous time point. † P-value < 0.05 for dif-
ference in AR grade with baseline.

Predictors for significant postprocedural aortic regurgitation

The patient cohort was divided according to their presence or absence of PAR≥2 as 
determined by postprocedural echocardiography. Comparison of pre- and peri-
procedural characteristics of the two PAR groups are shown in table 2. Compared 
with the PAR<2 group, the PAR≥2 group had a higher percentage of male patients, 
a higher left ventricular mass index, more preprocedural AR grade ≥2, a larger                         
llllLVOT-Ao, a larger sino-tubular junction diameter, a wider sinus of Valsalva, a 
larger annulus diameter, a lower cover index, and a deeper prosthesis insertion.
Multivariate analysis was used for the 87 patients from whom CT parameters were 
available. The only independent predictor identified for PAR≥2 was sinus width 
(per mm, OR: 1.34, 95%CI: 1.13-1.59, p=0.001).

Short-term clinical follow-up 

Clinical outcome at 30 days after TAVI is shown in table 3. The patient group with 
PAR≥2 had a significantly higher all-cause (20% vs. 7%, p=0.039) and cardiac (15% 
vs. 0%, p<0.001) mortality rate compared with patients with PAR<2. No statistical-
ly significant differences were found between both groups in stroke, acute kidney 
injury, VARC combined endpoint and new cardiac conduction disturbances within 
30 days.
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  Table 2: Pre-, peri- and post-operative parameters compared between two 
groups based on postprocedural AR grade (n=140)   

      

  PAR grade < 2   PAR grade ≥ 2   
  (n = 99)  (n = 41)  P-value  
 Patient data           
 Age, yrs 80.4 ± 7.6  81.7 ± 7.7  0.21  
 BSA, m2 1.85 ± 0.19  1.85 ± 0.21  0.62  
 Male gender 30 ( 30 )  24 ( 59 )  0.002  
 Clinical history           
 Hypertension 51 ( 52 )  20 ( 49 )  0.85  
 Hypercholesterolemia 12 ( 12 )  6 ( 15 )  0.78  
 Prior myocardial infarction 21 ( 21 )  9 ( 22 )  1  
 Previous PCI 36 ( 36 )  12 ( 29 )  0.44  
 CABG 10 ( 10 )  7 ( 17 )  0.27  
 COPD 32 ( 32 )  14 ( 34 )  0.85  
 Peripheral arterial disease 15 ( 15 )  12 ( 29 )  0.063  
 Atrial fibrillation 31 ( 31 )  11 ( 27 )  0.69  
            

 Preprocedural data           
 LVEF ≤ 40% 25 ( 25 )  8 ( 20 )  0.52  
 LVMI, g/m2 144.5 ± 41.5  166.7 ± 46.5  0.006  
 LVOT diameter, mm 21.1 ± 1.5  21.4 ± 1.9  0.33  
 Indexed EOA, cm2/m2 0.41 ± 0.11  0.41 ± 0.13  0.64  
 AVPG max, mmHg 74 ± 22  79 ± 24  0.39  
 AVPG mean, mmHg 47 ± 15  53 ± 18  0.16  
 AR grade ≥ 2 14 ( 14 )  13 ( 32 )  0.032  
 MR grade ≥ 3 10 ( 10 )  2 ( 5 )  0.51  
 ∠ LVOT-Ao, ° 14.9 ± 5.9  17.3 ± 6.1  0.037  
            

 Preprocedural CT data (n=60)  (n=27)    
 STJ diameter, mm 27.3 ± 2.5  29.9 ± 3.6  0.001  
 Sinus width, mm 30.7 ± 2.7  33.9 ± 4.1  <0.001  
 Annulus diameter, mm 23.2 ± 2.2  24.8 ± 2.9  0.014  
 Agatston score, HU 1164 ± 588  1841 ± 1250  0.057  
 Annulus eccentricity index 0.26 ± 0.07  0.24 ± 0.08  0.22  
            

 Procedural data           
 29 mm prosthesis 23 ( 23 )  16 ( 39 )  0.065  
 Cover index, % 13.1 ± 7.4  8.7 ± 8.2  0.010  
 Balloon diameter, mm 21 ± 2  22 ± 3  0.069  
 Prosthesis depth, mm 6.6 ± 3.3  7.6 ± 2.9  0.044  
 Optimal prosthesis depth 49 ( 49 )  17 ( 41 )  0.46  
 Postdilatation 1 ( 1 )  3 ( 7 )  0.075  
 Procedural duration, min 84 ± 31  87 ± 28  0.40  
            

  Values are n (%) or mean ± SD. PAR, paravalvular aortic regurgitation; ∠ LVOT-Ao, angle 
between LVOT and ascending aorta axes;  STJ, sinotubular junction; HU, Hounsfield Units.    
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  Table 3: 30-day outcome following TAVI   
      

  PAR grade < 2   PAR grade ≥ 2   
  (n = 99)  (n = 41)  P-value  
 Event           
 Mortality 7 ( 7 )  8 ( 20 )  0.039  
 Cardiac mortality 0 ( 0 )  6 ( 15 )  <0.001  
 Stroke 7 ( 7 )  3 ( 7 )  1  
 Acute kidney injury 19 ( 19 )  12 ( 29 )  0.26  
 VARC combined endpoint 13 ( 13 )  10 ( 24 )  0.13  
 Total AV Block requiring new PPM 17 / 88   5 / 35  0.61  
 New LBBB 36 / 75  19 / 29  0.13  
            

  Values are n (%). VARC, Valve Academic Research Consortium; AV, atrioventricular; PPM, 
permanent pacemaker; LBBB, left bundle branch block.   

Data were collected from all patients (n=125) who were alive and who had reached 
1 month follow-up. In the PAR≥2 group (n=33), loop diuretic dosage was higher 
(2(1-2) vs. 1(0-1); p=0.019), while NT-proBNP level, pulmonary artery pressure 
and indexed left ventricular end-diastolic dimension were not significantly differ-
ent compared with the PAR<2 group (table 4).  In both the PAR<2 and the PAR≥2 
group, NYHA class was improved significantly at 1 month compared with baseline 
(figure 2), and was not significantly different between both groups.

Mid-term clinical follow-up

Clinical data at mid-term compared between the PAR<2 and PAR≥2 group are 
shown in table 4. There were no significant differences in cumulative all-cause 
mortality between the PAR groups at 6 months and 1 year follow-up. Cumulative 
cardiac mortality was significantly different at 1 year: 7 vs. 24%, p=0.013. In the pa-
tients who had reached 6 months and 1 year follow-up respectively, no significant 
differences were present in NYHA class, loop diuretic dosage, pulmonary artery 
pressure and left ventricular end-diastolic dimensions between the PAR<2 group 
and PAR≥2 group. At 6 months follow-up, NT-proBNP levels were significantly 
higher in the PAR≥2 group (1912(879-3276) vs. 838(413-1566) ng/mL; p=0.037) 
compared with the PAR<2 group, but no statistically significant difference was 
found at 12 months. In both PAR groups, NYHA class remained stable after 1 
month (figure 2).
Survival from all-cause mortality following TAVI up to 1 year follow-up is shown 
in figure 3, and was statistically significantly lower in the PAR≥2 group compared 
with the PAR<2 group (log-rank test: p=0.47, Hazard ratio (HR): 2.11, 95%CI: 
1.01-4.40).  Survival from cardiac death up to 1 year is shown in figure 4 and was 
significantly higher in the PAR<2 group compared with the PAR≥2 group (log-
rank test: p=0.004, HR: 5.25, 95%CI: 1.68-16.39). 
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  Table 4: Pre-, peri- and post-operative parameters compared between two 
groups based on postoperative AR grade (n=140)   

    

  PAR grade < 2   PAR grade ≥ 2  P-value  

 Baseline n = 99  n = 41    
 NYHA class 3 ( 2-3 )  3 ( 2-3 )  0.52  

 Loop diuretic dosage, 
units* 1 ( 0-1 )  0 ( 0-1 )  0.095  

 NT-proBNP, ng/mL 2054 ( 807-4753 )  3075 ( 1560-5274 )  0.088  
 PAP, mmHg 43 ± 13  39 ± 11  0.24  
 LVEDDI, mm/m2 28.4 ± 4.1  30.0 ± 3.4  0.05  
        

 1 month n=92  n=33    
 Cumulative mortality 7 ( 7 )  8 ( 20 )  0.039  
 Cardiac  0 ( 0 )  6 ( 15 )  <0.001  
 Non-cardiac 7 ( 7 )  2 ( 5 )  0.8  
 NYHA class 2 ( 2-3 )  2 ( 2-3 )  0.19  

 Loop diuretic dosage, 
units* 1 ( 0-1 )  2 ( 1-2 )  0.019  

 NT-proBNP, ng/mL 1020 ( 585-1721 )  1079 ( 832-3922 )  0.37  
 PAP, mmHg 43 ± 10  50 ± 14  0.16  
 LVEDDI, mm/m2 27.7 ± 2.7  27.8 ± 4.3  0.89  
            

 6 months n=80  n=30    
 Cumulative mortality 16 ( 17 )  10 ( 25 )  0.34  
 Cardiac 5 ( 5 )  6 ( 15 )  0.08  
 Non-cardiac 11 ( 11 )  4 ( 10 )  0.7  
 NYHA class 2 ( 1-2 )  1 ( 1-3 )  0.78  

 Loop diuretic dosage, 
units* 1 ( 0-1 )  1 ( 1-2 )  0.062  

 NT-proBNP, ng/mL 838 ( 413-1566 )  1912 ( 879-3276 )  0.037  
 PAP, mmHg 39 ± 10  47 ± 18  0.4  
 LVEDDI, mm/m2 27.1 ± 3.0  26.5 ± 3.7  0.86  
            

 1 year n=67  n=22    
 Cumulative mortality 20 ( 23 )  15 ( 41 )  0.053  
 Cardiac 6 ( 7 )  9 ( 24 )  0.013  
 Non-cardiac 14 ( 16 )  6 ( 16 )  0.6  
 NYHA class 2 ( 1-2 )  1 ( 1-3 )  0.81  

 Loop diuretic dosage, 
units* 1 ( 0-1 )  1 ( 0.25-1.5 )  0.52  

 NT-proBNP, ng/mL 970 ( 469-2056 )  1787 ( 536-2665 )  0.28  
 PAP, mmHg 39 ± 11  47 ± 15  0.18  
 LVEDDI, mm/m2 27.6 ± 2.5  27.4 ± 2.9  0.59  
            

  

Values are n (%), mean ± SD (range) or median (25;75% interquartile range). *One unit of loop 
diuretics is the equivalent of 40 mg furosemide or 1 mg bumetanide. PAR, paravalvular aortic 
regurgitation; NYHA, New York Heart Association; NT-proBNP, N-terminal pro brain 
natriuretic peptide; PAP, pulmonary artery pressure; LVEDDI, left ventricular end-diastolic 
dimension indexed for body surface area. 
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Figure 2: New York Heart Association functional status at baseline, 1 month, 6 months and 1 year fol-
lowing TAVI and compared between patients with and without grade 2 or more paravalvular aortic 
regurgitation. * P-value of difference in NYHA class at one time point between PAR groups. † P-value < 
0.05 for difference in NYHA class with previous time point.

    










   
  









 

  

  








 







 


Figure 3: One-year survival from all-cause death after TAVI according to the occurrence of grade 2 or 
more paravalvular aortic regurgitation.
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Figure 3: One-year survival from all-cause death after TAVI according to the occurrence of grade 2 or 
more paravalvular aortic regurgitation.

Discussion

The present study shows that the incidence of grade 2 or more paravalvular aortic 
regurgitation following transcatheter aortic valve implantation with the Medtronic-
CoreValve device is 29%. The only independent predictor for significant paraval-
vular regurgitation was a wider sinus of Valsalva. Significant paravalvular leak-
age was associated with short- and mid-term all-cause mortality, predominantly 
determined by cardiac death due to low cardiac output syndrome. At short- and 
mid-term follow-up, NYHA class, diuretics need, pulmonary artery pressure and 
NT-proBNP levels are in essence not influenced by significant PAR. 
The 29% incidence of significant (at least grade 2) paravalvular aortic regurgita-
tion after TAVI is comparable with what has been reported by other studies.6;8;11;12 

The different methods applied for the grading of PAR and the two different valves 
used for TAVI, can account for the large variability in incidence of significant PAR 
reported in the different studies.2-13 The amount of PAR remains stable at follow-up 
in our study, with no significant changes at 1, 6 and 12 months follow-up, a finding 
that also has been reported in previous studies regarding TAVI with the Medtro-
nic-CoreValve and the Edwards SAPIEN prosthesis.4;11 
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Factors determining significant PAR

In transcatheter aortic valve implantation non-uniform compression of the native 
aortic valve against the annular wall, and ridges of calcifications in the aortic wall 
may hinder adequate circular stent deployment, leaving paraprosthetic spaces 
causing paravalvular leakage.11 

The role of mismatch between prosthesis and annulus size as cause of paravalvular 
regurgitation has been suggested in previous reports.8 A relatively large annulus 
to prosthesis size results in undersizing and incomplete coverage of the prosthetic 
frame against the annular wall. In our study, annular size and cover index were 
indeed found as a significant predictor for significant PAR in univariate analysis. 
However, of the different aortic valve and root diameters assessed by cardiac CT, 
only sinus width was identified as an independent predictor for significant PAR 
in multivariable analysis. A wider sinus of Valsalva probably contributes more to 
incomplete stent coverage of the CoreValve device and to the subsequent develop-
ment of paraprosthetic spaces than a larger annular dimension.  
In line with one previous report,12 we found a higher     LVOT-Ao to be associated 
with significant PAR following TAVI with a Medtronic-CoreValve bioprosthesis. 
The lower part of the ascending aorta represents the contact surface with the upper 
part of the prosthesis and the LVOT the landing zone of the prosthesis. A higher 
llllLVOT-Ao will probably influence the radial force of the self-expandable pros-
thesis which together with a more angled insertion of the prosthesis in the land-
ing zone can lead to incomplete sealing of the gap between the prosthesis and the 
annular wall.12 

Clinical impact of significant PAR

Significant paravalvular regurgitation after TAVI is often considered benign, de-
spite the lack of solid scientific evidence and the fact that it also obviously contra-
dicts the surgical experience.22 A recent study indeed reports a strong association 
between significant PAR and in-hospital mortality following TAVI.12 Our study 
also shows a significant effect of PAR on all-cause cumulative mortality at 30 days 
and 12 months after TAVI. It also shows that this higher mortality is predomi-
nantly the result of cardiac mortality, mostly caused by low cardiac output. This 
finding suggests that moderate or more aortic regurgitation after TAVI can lead 
to heart failure in this group of patients, who often have non-compliant hypertro-
phic left ventricles. Significant PAR after TAVI, which is known to impose a high 
workload on the left ventricle,23 may especially not be tolerated by patients with a 
reduced systolic left ventricular function.5 This is further supported by our finding 
that the patients with PAR≥2 who died within 1 year due to low cardiac output 
had significantly more LVEF≤40% than the patients with PAR≥2 who survived 
(44% vs. 13%, p=0.05). 
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Despite the association between significant PAR and low cardiac output syndrome, 
the majority of the patients with PAR≥2 survives at short- and midterm follow-up 
after TAVI and has an improvement in NYHA class. Furthermore, except for the 
loop diuretic dosage at 1 month and the NT-proBNP levels at 6 months follow-up, 
the patients with PAR≥2 show no significant differences in NYHA functional class, 
loop diuretic dosage, NT-proBNP levels and pulmonary artery pressures com-
pared with patients with PAR<2 at short- and mid-term follow-up. 

Clinical implications

Identification, or even better, prevention of significant paravalvular regurgitation 
following TAVI is of important clinical relevance, since it is shown to increase the 
risk of cardiac mortality. The risk of grade 2 or more PAR can be estimated prior 
to TAVI with the Medtronic-CoreValve prosthesis by certain parameters obtained 
from cardiac imaging. Multi-detector row computed tomography is a useful 
imaging modality for accurate measurements of annulus and sinus of Valsalva 
dimensions, which could help to prevent prosthesis-annulus mismatch by choos-
ing the right balloon and prosthesis size. Different studies show that annulus sizes 
are probably underestimated by echocardiography as compared with cardiac 
CT, which could result in valve undersizing.24;25 Furthermore annular assessment 
by cardiac CT also show that the annulus is rather oval than round,19 which also 
makes two-dimensional assessment by echocardiography less accurate. To reduce 
the incidence of valve undersizing and paravalvular regurgitation, Medtronic-
CoreValve have adjusted their recommendations with regard to valve sizing: for 
patients with annuli between 20-23 mm a small prosthesis (26 mm) is advised 
and for patients with annuli between 23-26 mm a large prosthesis (29 mm). Also a 
larger prosthesis (30 mm) is now available for annuli between 26-29 mm. 
The angle between the ascending aorta and LVOT can be simply determined by 
contrast angiography or cardiac CT. In patients with a too large     LVOT-Ao, 
implantation of an Edwards SAPIEN prosthesis may be a better treatment option 
since the position of this device is not determined by the anatomy of the ascending 
aorta. Post-dilatation or valve-in-valve implantation remain important treatment 
options to be considered in order to reduce significant paravalvular aortic regur-
gitation following TAVI. Some of patients with PAR≥2 may benefit from a higher 
dosage of loop diuretics and/or an increase in heart rate by increasing the lower 
rate limit of a permanent pacemaker.  

Limitations

No post-procedural cardiac computed tomography was performed to determine 
whether non-circular deployment of the valve prosthesis was related to the amount 
of paravalvular aortic regurgitation. Examining the localization and amount of 



Chapter 3.4

132

incomplete prosthesis coverage against the annular wall can further shed light 
on the mechanisms that result in paraprosthetic leakage. Longer follow-up and a 
larger patient cohort are required in order to further investigate the clinical course 
of patients with significant PAR in comparison with that of non-significant PAR.

Conclusion

We report an incidence of grade 2 or more paravalvular aortic regurgitation fol-
lowing transcatheter aortic valve implantation of 29%. A wider sinus of Valsalva 
measured by cardiac CT is a strong predictor significant PAR. All-cause and car-
diac mortality at short- and mid-term follow-up after TAVI are higher in patients 
with grade 2 or more PAR compared with patients with mild or less PAR. How-
ever, compared with non-significant PAR, significant PAR is not associated with a 
worse outcome of other clinical parameters.
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