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ABSTRACT 

Objectives: To evaluate the feasibility, safety and efficacy of direct transcatheter aortic valve 

replacement (TAVR), i.e. TAVR without balloon pre-dilation (BPD), by performing a 

systematic review and meta-analysis of available evidence. 

Background: Avoiding BPD during TAVR was shown to be feasible in previous studies but 

the risks and benefits of this technique are unknown owing to the limited number of patients 

included in these studies. 

Methods: We performed a systematic search for studies comparing direct TAVR vs. TAVR 

performed with BPD. Crude risk ratios (RRs) or mean differences and 95% confidence 

intervals (CI) for each endpoint were calculated using random effects models.  

Results: Twenty studies including 3586 patients (1606 undergoing direct TAVR) were 

selected for the analysis. Mean device success with direct TAVR was 88% with <5% of bail-

out techniques. There were no differences between direct and BPD-TAVR in short-term (in-

hospital or 30-day) mortality (RR:1.06; 95% CI:0.78-1.43) or cerebrovascular events 

(RR:0.92; 95% CI:0.58-1.46). Direct TAVR associated with reduced moderate or severe 

paravalvular leak post-TAVR (RR:0.59; 95% CI:0.36-0.98) but not with a reduced risk of 

permanent pacemaker implantation (RR:0.85, 95% CI:0.71-1.02). A slight increase in post-

dilation was observed in direct transfemoral-TAVR recipients (RR:1.2; 95%CI:1.00-1.44). 

Conclusion: Direct TAVR is feasible and safe. However, given the unadjusted nature of our 

results, uncertainties remain regarding the independent effect of direct TAVR on outcomes 

post-TAVR. Randomized studies are warranted to determine the potential benefits of direct 

TAVR. 

Keywords: Aortic Stenosis; Transcatheter Aortic Valve Implantation; Balloon Valvuloplasty.   
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INTRODUCTION 

 Avoidance of balloon pre-dilation (BPD) during transcatheter aortic valve replacement 

(TAVR), a strategy known as direct TAVR, has recently emerged as part of a general shift 

towards simplified and more straightforward procedures1. Although BPD was deemed 

mandatory as a preparatory step in the early days of TAVR, some small feasibility studies 

showed high procedural success rates when omitting BPD1, 2. As shown in recent series3, 

balloon aortic valvuloplasty per se carries risks of permanent pacemaker implantation (PPI), 

severe aortic regurgitation, and stroke ranging from 0.5 to 2%, that represent the rationale 

supporting direct TAVR. An aggressive pre-dilation of the aortic valve and the adjacent left 

ventricular outflow tract may indeed increase the rate of PPI4 and significant paravalvular 

leaks (PVL) post-TAVR especially with self-expanding valves (SEV)5, 6. Similarly, beyond a 

seemingly obvious time saving, it has been hypothesized that by reducing manipulation of the 

aortic arch and degenerated valve and avoiding rapid pacing runs, direct TAVR might lead to 

a reduction of acute cerebrovascular events (CVE) related to debris embolization or sustained 

impaired hemodynamic states. However, currently, data supporting direct TAVR are mainly 

limited to small single-center studies. Moreover, it has recently been demonstrated in a study 

using diffusion-weighted magnetic resonance imaging post-TAVR that direct TAVR might 

actually result in a higher volume of cerebral ischemic lesions7. 

Given the current lack of consensus, we assessed the feasibility, safety and efficacy of 

direct TAVR by performing a systematic review and meta-analysis of available evidence. 
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METHODS 

Search strategy 

A systematic review of published literature on direct TAVR was conducted in 

accordance with the guidance and reporting items specified in the Preferred Reported Items 

for Systematic Reviews and Meta-Analysis (PRISMA) statement8. A computerized search 

was performed to identify all relevant studies from PudMed and EMBASE databases. The 

following keywords or terms were used: transcatheter aortic valve, TAVI, TAVR, 

transcutaneous aortic valve, percutaneous aortic valve, direct, predilation, predilatation, 

dilation, dilatation, balloon, and valvuloplasty. The MeSH terms: Transcatheter Aortic Valve 

Replacement and Balloon Valvuloplasty were also used. The search strategy is outlined in the 

supplemental appendix. Databases were last accessed on July 11th 2016. In addition to the 

computerized search, we manually reviewed the bibliography of all included articles (V.A) to 

ensure complete inclusion of all possible studies.  

Eligibility criteria and study selection 

 We deemed eligible any study of original design that compared results of direct TAVR 

with those of TAVR performed with BPD. We included studies in which quantitative raw data 

that enabled the calculation of crude risk ratios (RR) for dichotomous endpoints and mean 

difference (MD) for continuous endpoints were available. When potential overlapping study 

populations were detected (based on participating institutions and inclusion periods), the most 

recent publication or the publication with the most information of interest was included in the 

analysis. Case reports or studies published in a non-English language were excluded. 

 Two investigators (V.A. and A.R.) independently conducted the literature searches, 

study eligibility assessment and data extraction in duplicate. Any discrepancies were resolved 

by consensus by a third investigator (J.R.C.) 

Data extraction 
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 We extracted data of the patients and studies using a standardized data abstraction 

sheet. The following study-, patient- and procedure-related data were extracted from the main 

paper and accompanying supplemental appendix: study design; number of participating 

centers, region and period of enrolment, number of patients, exclusion criteria, periprocedural 

events definition, age, sex, baseline procedural risk assessment (by logistic European System 

for Cardiac Operative Risk Evaluation (EuroSCORE) or Society of Thoracic Surgeons 

Predicted Risk of Mortality score), number of patients with prior stroke, coronary artery 

disease and atrial fibrillation at baseline, access site, BEV and SEV rates, rates of patients 

requiring bail-out manoeuvres to cross the aortic valve or acute valve-in-valve. 

Endpoints 

 Primary outcomes of the meta-analysis included short-term, either at discharge or at 

30 days of follow-up as reported by the authors, all-cause mortality and CVE (stroke or 

transient ischemic attack). Secondary endpoints were rates of device success as defined by the 

Valve Academic Research Consortium9, need for balloon post-dilation, PPI, acute kidney 

injury (AKI) stage 2 or 3, moderate or severe PVL at discharge, and fluoroscopy time, total 

procedure time, total contrast used, and mean transvalvular gradient at discharge. 

Statistical analysis 

Crude RR and mean differences were the principal summary measures. Means and 

standard deviations of continuous endpoints were extracted from studies and used for the 

analysis. RRs were retrieved or calculated with the corresponding 95% confidence interval for 

each endpoint and entered in the primary analysis. Data across studies were combined using 

DerSimonian and Laird random effects models10. Consistency across studies was assessed 

with the Q-statistic and  I² index which takes values between 0% and 100%, with values of 

25% typically suggesting low, 50% moderate, and 75% large heterogeneity11. Significant 

heterogeneity was considered present for p-values <0.10 or an I² >50%. Main results were 
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confirmed using Mantel-Haenszel fixed effect models in case of low heterogeneity. To assess 

the potential effect of publication bias, we inspected funnel plots for asymmetry and used the 

Harbord test for dichotomous outcomes and the Egger test for continuous endpoints as formal 

statistical tests 12. In case of significant publication bias, we intended to adjust the pooled 

effect estimate using the non-parametric “trim and fill” method which estimates the number 

and results of potential missing studies resulting from publication bias 13. Stratified analyses 

were performed according to the type of implanted valve and to the timing of publication (i.e. 

before or after January 1st 2015) whereas sensitivity analysis was performed by including only 

studies that reported outcomes separately for transfemoral (TF) implantation or had <10% 

cases with alternative access routes in order to account for the different risk profile of patients 

undergoing TAVR via an alternative approach. Descriptive characteristics are presented as 

mean ± standard deviation for continuous variables and frequencies and percentages for 

categorical variables. All reported p values are 2-sided and a value of < 0.05 was considered 

significant. Statistical analyses were performed in STATA software (version 13.0, STATA 

Corp., College Station, Texas) and RevMan (Version 5.3.5, Copenhagen: The Nordic 

Cochrane Centre, The Cochrane Collaboration). 

 

RESULTS 

Selection of studies and population 

Figure 1 shows the PRISMA flow diagram. Following removal of duplicates, 2259 

records were screened at the title and abstract level. Of these, 26 studies were retrieved in full 

text and examined for eligibility. In addition, 29 published abstracts were also retrieved 

through EMBASE database and evaluated. Finally, 17 published studies2, 5-7, 14-26 and 3 

abstracts 27-29 fulfilled the inclusion criteria and were deemed eligible for the analysis (Table 

1). Sixteen studies were observational, 4 used propensity-score matching to adjust for 
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imbalance in baseline characteristics between groups and 1 study was a case-control study. 

All but 3 studies were single-center works. 

A total of 3586 patients were included in this analysis, with 1606 patients who 

underwent direct TAVR. Almost all studies reported the use of computed tomography during 

the pre-TAVR screening but only 10 studies specifically reported the imaging method used 

for valve sizing of which 8 used computed tomography. Balloon-expandable valves were 

implanted in 2274 patients without obvious differences between groups in devices iterations 

used in 10 out of 12 studies which reported it (supplementary table 1). A TF approach was 

used in 84.6% of cases (2959/3499 patients with known access site). The mean device success 

for direct TAVR was 88%. Ten studies reported rates ranging from 0.0 % to 3.8% of bail-out 

techniques in case of difficulty crossing the aortic valve namely rescue BPD, “buddy-balloon” 

technique30, and partial inflation of the distal tip of the delivery balloon. Among these studies, 

the maximum rate of rescue BPD was 1.8%. Clinical and procedural characteristics of patients 

from selected studies are depicted in Table 2. 

Impact of direct TAVR on mortality and stroke  

Based on data from 16 studies (n=3260), direct TAVR was not associated with short-

term all-cause mortality post-TAVR (RR: 1.06; 95% CI: 0.78-1.43, p=0.72, I²=0%) (Figure 2, 

supplementary figure 1). Similarly, no association was shown with CVE (RR: 0.92; 95% CI: 

0.58-1.46, p=0.72, 14 studies, n=3143) with low statistical heterogeneity across studies 

(I²=4%). These results were confirmed with the use of fixed-effect models. There was no 

evidence of significant publication bias in the pooled estimates of primary outcomes either by 

funnel plot inspection or with the use of the Harbord test. 

In stratified analyses by type of implanted valve, direct TAVR was associated with a 

significant reduction in short-term CVE in BEV recipients (RR: 0.51; 95%CI: 0.26-0.99, 

p=0.05, 9 studies, n=1334) but not in SEV recipients in limited data (2 studies, n=282) 
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(Figures 3 and 4,). Restricting the analysis to TF TAVR recipients or by timing of 

publication yielded results consistent with the main analysis (Figure 5, supplementary 

figure 2). 

Procedural outcomes 

 Fluoroscopy time was  not significantly different between groups (MD: -1.91 min; 

95% CI: -4.25, 0.43; p=0.11, 6 studies, n=1289), but procedural time was shorter (MD: -19.75 

min; 95% CI: -36.87, -2.63; p= 0.02, 5 studies, n=508) and total contrast used lower (MD: -

20.77 ml; 95% CI:-28.95, -12.58; p=<0.001, 8 studies, n=1594) in direct TAVR recipients. 

Moderate to high statistical heterogeneity was demonstrated for these endpoints. Publication 

biases were also shown either by funnel plot inspection or by the Egger test for all endpoints. 

When applying the “trim and fill” method to adjust pooled estimates, results remained 

unchanged for total contrast used, were consistent with the main analysis for procedure time 

(MD= -29.39 min; 95% CI:-46.90, -11.88; p=0.001) and suggested a reduced fluoroscopy 

time with direct TAVR (MD: -4.29 min; 95% CI: -6.96,  -3.16; p=0.002). No data were 

available from SEV recipients for stratified analysis and overall data were limited in the other 

stratified or sensitivity analyses (Table 3). Amongst direct TAVR patients, reduction of 

volume of contrast was consistent in all analyses; fluoroscopy time was significantly reduced 

in BEV recipients whereas procedure time was only reduced in TF TAVR recipients and in 

studies published since 2015. 

There was a significant association between direct TAVR and an increased rate of 

device success in the main analysis (RR: 1.03; 95% CI: 1.00-1.05, p=0.02, 13 studies, 

n=2524) without evidence of statistical heterogeneity (I²=5%) (Figure 2). Conversely, there 

was strong evidence of publication bias (p for Harbord test=0.007). When adjusting the 

pooled estimates using the “trim and fill” method, direct TAVR remained associated with a 

trend towards increased device success (RR: 1.03, 95% CI: 0.99-1.06, p=0.06) which was 
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consistent with the aggregate RR derived from a fixed effect model (RR: 1.03 95% CI: 1.00-

1.06, p=0.07, I²=5%). Stratified and sensitivity analyses demonstrated that this relationship 

was mainly driven by BEV recipients and studies published since 2015 (Figures 3 and 4, 

supplementary figure 2).  

 Direct TAVR was not associated with the need for balloon post-dilation in all analyses 

performed at the exception of a slight but significant increase in TF-TAVR recipients 

(Figures 2, 3 and 4, supplementary figures 1 and 2). There was no significant statistical 

heterogeneity across studies or evidence of publication bias for this endpoint. 

Post-procedural outcomes 

 The risk of AKI was not significantly different between groups in all analyses 

performed (Figures 2, 3, and 4, supplementary figures 1 and 2) with a pooled estimate in 

the main analysis of 1.05 (95% CI: 0.55-2.03, p=0.88, I²=28%, 7 studies, n=1713). The 

Harbord test suggested publication bias (p=0.015). However results of the “trim and fill” 

method were consistent with the main analysis (RR= 0.75; 95% CI: 0.38-1.48, p=0.411). 

 Based on data from 15 studies (n=2853), there was a trend towards a lower risk of PPI 

with direct TAVR (RR= 0.85, 95% CI: 0.71-1.02, p=0.08) (Figure 2). Statistical 

heterogeneity was low (I²=0%) and this result almost reached statistical significance when 

pooled estimate was derived from a fixed-effect model (RR: 0.84; 95% CI: 0.70-1.00, 

p=0.05). No publication bias was demonstrated.  

 One study reported the rate of moderate or severe PVL but did not report the method 

used for its evaluation7. PVL was evaluated angiographically in one study5 and by 

echocardiography in all other studies included in the analysis of this endpoint 

(supplementary Figure 1). Data synthesis of 16 studies (n=3187) suggested a reduced risk of 

moderate or severe PVL with direct TAVR (RR: 0.59; 95% CI: 0.36-0.98, p=0.04). Statistical 

heterogeneity across studies was moderate (I²=53%) but significant (p=0.006) and no 
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publication bias was demonstrated (p=0.11 for Harbord test). This reduction was consistent 

with both type of valve (Figure 3 and 4) and in studies published before 2015  but did not 

reach statistical significance in studies published since 2015 (supplementary Figure 2). The 

sensitivity analysis in TF TAVR recipients (8 studies, n=2096) did not show any association 

between direct TAVR and the rate of moderate or severe PVL (Figure 5). 

 Direct TAVR associated with reduced mean transvalvular gradient at discharge in data 

synthesis of 11 studies (MD: -0.54 mmHg; 95% CI:-0.95, -0.13, p=0.23, n=2219) (Table 3). 

There was no heterogeneity across studies (I²=1%) but publication bias was demonstrated (p 

for Egger test =0.047). Nonetheless, the pooled estimate adjusted using the “trim and fill” 

method was consistent with the main analysis (MD= -0.767; 95% CI: -1.295; -0.239, 

p=0.004). No analysis suggested an increased post-procedural mean gradient in direct TAVR 

recipients. On the contrary, there was a trend towards a decreased gradient with direct TAVR 

in BEV recipients (Table 3). 

 

DISCUSSION 

The results of the present meta-analysis demonstrate that direct TAVR is feasible with 

a high rate of device success, an infrequent need for bail-out techniques, and associates with 

reduced procedural times and no deleterious impact on short-term mortality or stroke.  

Potential risks and benefits of BPD during TAVR procedures are summarized in 

Table 4. One of the main concerns of direct TAVR is the possible difficulty in crossing the 

severely stenotic native aortic valve with the transcatheter valve system. The present study 

showed that this occurred in a very low number of patients, with <2% of cases requiring 

rescue BPD. Future studies with a large numbers of patients will need to determine the factors 

associated with direct TAVR failure. Direct TAVR associated with reduced procedural times. 

This may be explained by the avoidance of one procedural step (BPD), but other factors such 
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as facilitated valve positioning may also contribute to this reduced time. BPD is usually 

associated with larger aortic orificial areas in addition to increasing AR severity. This may 

result in more pronounced movements of the valve system during the cardiac cycle making 

the final positioning more challenging. However, avoiding BPD in case of important or bulky 

calcifications may also result in valve migration following deployment of the prosthesis. 

Therefore, patients’ selection for direct TAVR may be of paramount importance regarding the 

results of this technique.   

Direct TAVR associated with higher rates of device success, reflecting the lower rate 

of significant PVL observed with this technique in studies included in the present analysis. 

Whereas improved valve positioning may have played a role in such results, these 

associations need to be interpreted with caution due to the unadjusted nature of data analyzed 

in the present study. Although beneficial effects of direct TAVR per se cannot be ruled out, 

several confounders such as device improvements or growing operator experience may have 

influenced our results. Moreover, the non-randomized nature of included studies may have 

introduced bias as the selection of a direct TAVR strategy was left at the operators discretion 

based on pre-TAVR evaluation. As demonstrated by Abramowitz et al. 14, it is therefore likely 

that patients with favorable anatomical characteristics of the aortic valve and arch coupled 

with a lower calcific burden more often underwent direct TAVR. This is of particular 

importance as a high correlation between the volume of calcification and the severity of PVL 

has been previously demonstrated31. Importantly, direct TAVR resulted in no deleterious 

effect on valve hemodynamic and no increase in the need for balloon post-dilation in the main 

analysis, further suggesting that current transcatheter valve systems are able to successfully 

open the calcified valve leaflets without the need for preparing the stenotic valve with BPD. 

Transcatheter Doppler studies have shown that any mechanical interaction with a 

severely calcified and stenotic aortic valve, including BPD, is associated with an increase in 
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cerebral emboli32. It was therefore hypothesized that direct TAVR might reduce CVE by 

avoiding risks of debris embolization inherent with BPD3. However, a recent study challenged 

this hypothesis showing a higher volume of cerebral ischemic lesion on diffusion-weighted 

magnetic resonance imaging in patients receiving direct TAVR7. In the present study direct 

TAVR associated with similar rates of CVE in the main analysis and with a reduction of CVE 

in BEV recipients. Whilst these clinical results are reassuring, it could also reflect that the 

potential benefits from avoiding BPD may be partially thwarted by a higher mechanical 

interaction and subsequent embolic burden at the time of crossing the native aortic valve. 

Further studies should focus on the potential effects of direct TAVR on neurological events 

especially according to the type of valve used. 

PPI occurs in 10-17% of patients in recent series using both valve types33, 34 and thus 

remains a concern given the current shift towards treating lower surgical-risk patients. 

Nonetheless, the valve implantation is directly responsible for less than half of new 

conduction disturbances during TAVR as most of them occur during BPD especially if the 

balloon is larger than the minor axis of the aortic annulus14, 35. This has been described by 

Lange et al.4 as a two-hit model where the first hit is inflicted by a large valvuloplasty balloon 

to the conduction system promoting the persistence of high-degree atrioventricular block 

followed by a second hit by the valve frame. In their large series, Bernardi et al.29 

demonstrated that BPD was associated with a 1.8-fold higher risk of new-onset persistent left 

bundle branch block compared with direct TAVR. These data, along with the trend towards a 

lower risk of PPI demonstrated in the present study, suggest that direct TAVR has the 

potential to reduce conduction disturbances and ultimately PPI in selected high-risk patients 

such as in case of pre-existent right bundle branch-block or in SEV recipients. 

Limitations 
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 Several limitations of the present analysis warrant consideration. First, as previously 

discussed, some limitations are inherent to the comparison of BPD with direct TAVR, a 

technique of more recent emergence which in a non-randomized setting is inevitably 

confounded by patient selection, device iterations and operator experience. Moreover, most of 

the included studies were small single-center ones without adjusted analyses regarding the 

outcomes of interest. We used crude RR/MD as our principal summary measures, thereby 

making it impossible to identify the independent influence of direct TAVR on our endpoints. 

Therefore, all associations identified in the present study should be regarded as hypothesis-

generating and do not allow any conclusion regarding causality. Moreover, benefits of BPD 

and impact of its avoidance may depend on the implanted valve type as suggested by the 

differing results of stratified analysis regarding CVE and PVL in the present study. These 

issues are currently evaluated in dedicated randomized trials (The preDIlatation in 

tRanscathEter aortiC Valve implanTation Trial [DIRECT], NCT02448927; TAVI Without 

Balloon Predilatation of the Aortic Valve SAPIEN 3 [DIRECTAVI], NCT02729519). Finally, 

very few data exist regarding moderate BPD4, 14 which could represent a strategy harboring 

the theoretical advantages of BPD whilst limiting its risks. 

 

CONCLUSION 

Direct TAVR is a feasible and safe technique that exhibits similar rates of short-term 

mortality and CVE compared with TAVR with prior BPD. Future works should identify the 

most suitable patients for this technique to further improve its results. However, owing to 

inherent limitations of studies included in this meta-analysis, the independent effect of direct 

TAVR remains uncertain and a randomized evaluation comparing this technique to 

conventional BPD-TAVR is warranted. 
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FIGURES LEGENDS 

Figure 1- Flow chart of selected studies 

Flow diagram –based on the PRISMA statement- of included studies. 

Figure 2- Summary RRs of dichotomous endpoints (main analysis). 

Forest plot of summary RRs for the comparison of direct TAVR versus TAVR performed 

with BPD. RRs lower than 1 favor direct TAVR except for device success for which a RR 

greater than 1 favor direct TAVR. AKI=Acute Kidney Injury; BPD=Balloon pre-dilation; 

CVE=Cerebrovascular events; PPI=Permanent pacemaker implantation; PVL=Paravalvular 

leak; TAVR=Transcatheter aortic valve replacement. 

Figure 3- Summary RRs of dichotomous endpoints (stratified analysis-BEV recipients) 

Forest plot of summary RRs for the comparison of direct TAVR versus TAVR performed 

with BPD in BEV recipients. Interpretation as in Figure 2. BEV=Balloon-expandable valve. 

Other abbreviations as in Figure 2. 

Figure 4- Summary RRs of dichotomous endpoints (stratified analysis-SEV recipients) 

Forest plot of summary RRs for the comparison of direct TAVR versus TAVR performed 

with BPD in SEV recipients. Interpretation as in Figure 2. SEV=Self-expandable valve. Other 

abbreviations as in Figure 2. 

Figure 5- Summary RRs of dichotomous endpoints (sensitivity analysis-TF TAVR) 

Forest plot of summary RRs for the comparison of direct TAVR versus TAVR performed 

with BPD in TF-TAVR recipients. Interpretation as in Figure 2. TF=Transfemoral. Other 

abbreviations as in Figure 2.
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Table 1 - Characteristics of selected studies. 

Author Ref Year Region 
Centers 

(n) 

Sample 

size (n) 
Design Inclusion period Exclusion criteria / Direct TAVR 

criteria 

Periprocedural 

events criteria 

Abramowitz15 2016 USA 1 513 Observational April 2012-December 2014 
Valve-in-Valve, Prior BAV within 

30d, Regular BPD*. 
VARC-2 

Aggarwal25 2016 UK 1 154 Observational March 2012-July 2014 
Concomitant intervention, Valve-in-

Valve. 
VARC-2 

Bandali26 2016 UK 1 81 Observational November 2010-March 2013 

Valve-in-Valve. Excluded from direct 

TAVR: BPD deemed necessary for 

assessment of potential coronary 

obstruction or valve sizing, extreme 

calcification. 

VARC 

Bernardi30 2016 Brazil 22 761 Observational January 2008-January 2015 
Valve-in-Valve, Use of Innovare 

valve or ESV XT via TA approach. 
VARC-2 

Bijuklic8 2015 Germany 1 87 Observationnal ND 

Refusal of or contra-indications to 

DW-MRI, CVE within the prior 6 

months, renal failure, presentation 

with cardiogenic shock or severe 

hypotension, need for any other 

cardiac  surgical or interventional 

procedure during or after 

TAVR procedure before DW-MRI,  

clinical apparent stroke within 3 days 

post-TAVR. 

VARC-2 
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Conradi16 2015 Germany 1 52 PS matching ND Non-TF TAVR. VARC-2 

Conradi17 2014 Germany 1 100 Observational May 2011-December 2012 TF-TAVR. VARC-2 

Fiorina6 2014 Italy 1 100 Observational June 2011-June 2013 

Pure aortic regurgitation, Valve-in-

Valve, bicuspid aortic valve, prior 

BAV, BPD. 

performed to exclude coronary 

occlusion. 

VARC-2 

Islas18 2015 Spain 1 249 Observational January 2009-August 2014 

Direct TAVR choice based on 

fulfillment of institutional 

echocardiographic criteria. 

VARC-2 

Kempfert19 2015 Germany 1 80 PS matching March 2012-July 2013 ND ND 

Kim20 2016 
Germany, 

Switzerland 
2 163 Observational March 2014-July 2015 

Unsuitable anatomy for ESV S3 

prosthesis. 
VARC-2 

Kochman21 2014 Poland 1 24 
Case-control 

study 
March 2010-April 2013 No control case found. VARC-2 

Lettieri28 2014 Italy 1 72 Observational ND 
Routine direct TAVR if severe left 

ventricular dysfunction. 
ND 

Mollman3 2014 Germany 1 56 Observational ND 

Exclusion based on European Society 

of Cardiology guidelines; annular 

plane to coronary ostia < 8mm; 

annulus diameter > 27 mm. 

VARC-2 

Nielsen29 2013 Sweden 1 160 Observational September 2008-April 2013 ND ND 

Pagnesi27 2016 Italy 1 517 PS matching 
November 2007-October 

2015 

Non-TF TAVR, patients not receiving 

a SAPIEN XT/SAPIEN 3 valve or a 

CoreValve/Evolut R 

VARC-2 
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Toutouzas7 2016 
Greece, 

Germany 
2 210 Observational 

January 2008-September 

2013 
ND VARC-2 

Van Linden23 2015 Germany 1 66 Observational 2013-2014 ND ND 

Wendler24 2012 UK 1 20 Observational ND ND VARC 

Wong22 2015 USA 1 121 Observational May 2012-December 2013 
Valve-in-valve; patients included in a 

protocol that mandated BPD. 
VARC-2 

*BPD group consisted of “moderate” BPD with a mean pre-dilation balloon diameter/CT mean annulus diameter of 0.65/1. 

BAV=Balloon aortic valvuloplasty; BPD= Balloon pre-dilation; CVE=Cerebrovascular events; DW-MRI= Diffusion-weighted magnetic resonance imaging; 

ESV S3= Edwards valve Sapien 3; ESV XT= Edwards valve Sapien XT; ND= No Data; PS=Propensity score; TA= Transapical; TAVR=Transcatheter aortic 

valve replacement; TF=Transfemoral; UK= United Kigndom; USA= United States of America; VARC= Valve Academic Research Consortium. 
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Table 2- Clinical and procedural characteristics of patients from selected studies 

Authorref 
Age 

(years) 

Male 

Sex 

(%) 

Surgical 

risk score 

Prior 

stroke 

(%) 

CAD 

(%) 
AF (%) Approach (%) Valve type (%) 

Bail-out 

maneuvers 

for valve 

crossing 

(%)* 

TV-in-

TV (%)* 

Abramowitz15 82.5±8.6 61.8 8.4±5.2 14.0 64.7 ND 
TF (83); TA (6); TAo (10); SC 

(1) 
ESV (100) 0.8 vs. 1.5 1.7 vs. 4.8 

Aggarwal25 81.4 57.1 19.8† 22.4 ND ND TF (100) ESV (100) 3.8 vs. 0.0 ND 

Bandali26 83.7 61.7 23.7† ND 53.0 30.9 TF (100) ESV (100) ND ND 

Bernardi30 81.8±7.1 48.6 10.2±7.9 ND 58.1 13.0 TF (97); non-TF (3) ESV (24); MCV (76) 2.3 vs. 0.0 5.1 vs. 4.3 

Bijuklic8 83.2±6.2 49.4 22.2±15.4† 16.1 67.8 32.1 ND ESV (100) ND ND 

Conradi16 81.5±5.8 63.5 5.5±2.5 13.5 51.0 23.1 TF (100) ESV (100) 0.0 vs. 0.0 3.8 vs. 3.8 

Conradi17 79.5±7.5 51.0 8.0±6.0 17.0 71.0 51.0 TA (100) ESV (100) 0.0 vs. 0.0 2.0 vs. 2.0 

Fiorina6 83.0±7.5 47.9 8.7±6.2 ND 44.8 ND TF (66); TAo (21); SC (13) MCV (100) 1.8 vs. 0.0 3.6 vs. 4.0 

Islas18 82.7±5.6 35.0 18.1±9.7 ND ND ND TF (100) ESV (67); MCV (33) ND 3.8 vs. 5.3 

Kempfert19 79.5 70.0 7.42 8.5 82.5 35.0 TA (100) ESV (100) ND 2.5 vs. 2.5 

Kim20 81.9±3.5 53.4 4.3±1.5 ND 58.9 ND TF (100) ESV (100) 1.3 vs. 0.0 ND 

Kochman21 81.6±5.3 62.5 19.0±6.6† 16.7 54.2 41.7 TF (75); SC (25) MCV (100) ND ND 

Lettieri28 84.0±5.0 56.0 22.9±10† ND ND ND TF (90); TAo  (4); SC (6) MCV (100) ND ND 

Mollman3 81.9±5.9 50.0 6.0±2.9 16.1 60.7 41.1 TF (100) ESV (100) 0.0 vs. ND 
0.0 vs. 

ND 

Nielsen29 80.0 46.9 6.2 ND ND ND TF (69); TA (30); TAo (1) ESV (100) ND ND 

Pagnesi27 80.2±7.4 36.7 21.1±16.0 ND 41.1 31.3 TF (100) ESV (52); MCV (48) ND ND 

Toutouzas7 80.7±10.7 39.5 19.9±15.4† ND 23.8 ND TF (92); TAo (1); SC (7) MCV (100) ND ND Acc
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Van Linden23 83.0±6.7 61.7 7.5±5.2 16.5 74.7 45.6 TA (100) ESV (100) 0.0 vs. ND 0.0 vs 0.0 

Wendler24 82.0±3.0 77.0 30.0±2.0† 50.0 ND ND TA (100) ESV (100) ND ND 

Wong22 84.4±7.1 49.0 8.9±4.9 15.7 ND 39.7 TF (59); TA (41) ESV (100) 0.0 vs. 0.0 ND 

* Direct TAVR group vs. BPD group 
† Logistic EuroSCORE I if †; Society of Thoracic Surgeon Predicted Risk of Mortality otherwise. 

‡ Baseline characteristics were unavailable for the matched cohorts and thus were retrieved from the entire cohort (n=206). 

AF=Atrial fibrillation; BPD=Balloon pre-dilation; CAD=Coronary artery disease; ESV= Edwards Sapien Valves; MCV= Medtronic Corevalve; ND=No 

Data;TA=Transapical; TAo= Transaortic; TF=Transfemoral; TV-in-TV=Transcatheter valve within a transcatheter valve; SC= Sub-clavian. 
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Table 3-Results of analyses for continuous endpoints 

Endpoint Number of 

studies 

Number of 

patients 

MD (95% CI) p-value I-squared 

Main analysis      

Fluoroscopy time, min 6 1289 -1.91 (-4.25, 0.43) 0.11 84% 

Procedure time, min 5 508 -19.75 (-36.87, -2.63) 0.02 88% 

Total contrast used, ml 8 1594 -20.77 (-28.95, -12.58) <0.001 40% 

Post-procedural mean gradient, mm Hg 11 2219 -0.54 (-0.95, -0.13) 0.01 1% 

BEV patients      

Fluoroscopy time, min 5 772 -2.49 (-4.96, -0.02) 0.05 84% 

Procedure time, min 4 259 -18.05 (-41.74, 5.64) 0.14 90% 

Total contrast used, ml 6 828 -22.64 (-33.99, -11.30) <0.001 56% 

Post-procedural mean gradient, mm Hg 6 909 -0.58 (-1.24, 0.08) 0.09 0% 

SEV patients      

Fluoroscopy time, min 0 0 - - - 

Procedure time, min 0 0 - - - 

Total contrast used, ml 0 0 - - - 

Post-procedural mean gradient, mm Hg 2 234 0.88 (-0.45, 2.21) 0.20 0% 

Studies published before January 1st 2015      

Fluoroscopy time, min 2 120 -1.05 (-3.55, -1.46) 0.41 61% 

Procedure time, min 2 120 -24.96 (-68.07, 18.16) 0.26 97% 

Total contrast used, ml 3 176 -26.28 (-40.75, -11.82) <0.001 18% 

Post-procedural mean gradient, mm Hg 3 180 -0.53 (-1.82, 0.76) 0.42 0% 

Studies published after January 1st 2015      

Fluoroscopy time, min 4 1169 -2.28 (-5.47, 0.92) 0.16 83% 

Procedure time, min 3 388 -18.12 (-28.95, -7.28) 0.001 30% 

Total contrast used, ml 5 1418 -18.34 (-27.97, -8.72) 0.002 42% 

Post-procedural mean gradient, mm Hg 8 2039 -0.43 (-0.97, 0.11) 0.12 23% 

TF cohort      

Fluoroscopy time, min 2 569 -1.64 (-7.02, 3.75) 0.55 83% 

Procedure time, min 2 301 -21.41 (-34.30, -8.52) 0.001 30% 

Total contrast used, ml 4 874 -21.46 (-30.25, -12.66) <0.001 0% 

Post-procedural mean gradient, mm Hg 6 1395 -0.37 (-1.04, 0.29) 0.27 28% Acc
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BEV= Balloon –expandable valve; CI= confidence interval; MD= Mean difference between direct TAVR and TAVR with BPD; SEV= Self-expandable valve. 

Other abbreviations as in Table 2. 
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Table 4- Potential advantages and drawbacks of balloon predilation during TAVR procedures 

Advantages Drawbacks 

Improved sizing of the aortic annulus Acute aortic regurgitation before valve 

implantation 

Identification of patients at high-risk of coronary 

occlusion 

Conduction disturbances: left bundle branch and 

atrioventricular blocks 

Easier crossing of the aortic valve Cerebrovascular events 

May reduce the risk of valve malposition by 

minimizing radial counterforces 

Annulus rupture 

Allow optimal expansion of the prosthesis May increase valve movement  during the 

positioning phase 

Reduced need for postdilation: may improve 

prosthesis durability 

Prolongs the procedure 

Training of young operators Increased need for rapid pacing 
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