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BACKGROUND: No study has evaluated the impact of the additional manipulation demanded by multiple resheathing (MR) in 
patients undergoing transcatheter aortic valve replacement with repositionable self- expanding valves.

METHODS AND RESULTS: This study included a real- world, multicenter registry involving 16 centers from Canada, Germany, 
Latin America, and Spain. All consecutive patients who underwent transcatheter aortic valve replacement with the Evolut R, 
Evolut PRO, and Portico valves were included. Patients were divided according to the number of resheathing: no resheath-
ing, single resheathing (SR), and MR. The primary end point was device success. Secondary outcomes included procedural 
complications, early safety events, and 1- year mortality. In 1026 patients, the proportion who required SR and MR was 23.9% 
and 9.3%, respectively. MR was predicted by the use of Portico and moderate/severe aortic regurgitation at baseline (both 
with P<0.01). Patients undergoing MR had less device success (no resheathing=89.9%, SR=89.8%, and MR=80%; P=0.01), 
driven by more need for a second prosthesis and device embolization. At 30 days, there were no differences in safety events. 
At 1 year, more deaths occurred with MR (no resheathing=10.5%, SR=8.0%, and MR=18.8%; P=0.014). After adjusting for 
baseline differences and center experience by annual volume, MR associated with less device success (odds ratio, 0.42; 
P=0.003) and increased 1- year mortality (hazard ratio, 2.06; P=0.01). When including only the Evolut R/PRO cases (N=837), 
MR continued to have less device success (P<0.001) and a trend toward increased mortality (P=0.05).

CONCLUSIONS: Repositioning a self- expanding valve is used in a third of patients, being multiple in ≈10%. MR, but not SR, was 
associated with more device failure and higher 1- year mortality, regardless of the type of valve implanted.
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Since the beginning of the transcatheter aortic 
valve replacement (TAVR) era, there has been a 
continuous evolution of the transcatheter heart 

valves (THVs) that led to significant improvement in 
clinical outcomes.1– 6 Early generation of TAVR de-
vices had been associated with increased risk of 
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complications and device failure, such as moderate or 
severe paravalvular leak, high incidence of conduction 
disturbances requiring new permanent pacemaker im-
plantation, and need for a second THV.7– 9 The newer- 
generation devices have been designed to overcome 
these limitations.

Among the different self- expanding THVs, both the 
Evolut R/Pro (Medtronic, Minneapolis, MN) and the 
Portico (Abbott, Chicago, IL) valves use a delivery sys-
tem with a mechanism that allows for resheathing and 
recapturing of the THV before complete deployment, in 
case repositioning is required. This novel feature allows 
the operators to have 2 or even multiple attempts to 
position the THV, augmenting the accuracy of the valve 
implantation in a proper anatomical position, which 
has been associated with improved outcomes, includ-
ing fewer conduction disturbances, less paravalvular 
leak, and lower need for a second device.10

Although higher success rates have been achieved 
with the newer generation of self- expanding THVs, 

concerns have been raised about a potentially det-
rimental impact of the additional maneuver with 
resheathing and repositioning, including more debris 
embolization.11 Even though previous studies have 
shown no association of resheathing with impaired 
clinical outcomes, none of them has specifically eval-
uated the number of attempts per patient, and the 
potential of multiple resheathing (MR) on worse clini-
cal outcomes. Therefore, the primary objective of the 
present study was to evaluate the incidence, predic-
tors, and clinical impact of MR in patients treated with 
repositionable self- expanding devices.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Design and Population
This was a retrospective study involving all consecutive 
patients undergoing TAVR with severe symptomatic 
aortic stenosis or degenerated aortic bioprosthesis 
treated with the repositionable Evolut R/PRO or Portico 
devices at 16 centers. A total of 1030 patients were 
included from Canada, Germany, Latin America, and 
Spain, from June 2014 to May 2020. The indication 
of the procedure, the techniques used, and the deci-
sion of the THV type were defined by the local heart 
team. Data were collected using dedicated case report 
forms, and remote data monitoring was performed in 
all cases to search and correct missing or inconsistent 
information. All patients gave written informed consent 
to the TAVR procedures, and all the local ethics com-
mittees approved the retrospective inclusion of the pa-
tients at each center. The first and last authors had full 
access to all the data in the study and take responsibil-
ity for their integrity and data analysis.

To evaluate the clinical impact of resheathing, pa-
tients were divided according to the use and the num-
ber of resheathing for repositioning the bioprosthesis 
into the following groups: no resheathing (NR), single 
resheathing (SR), and MR. Patients were allocated in 
the MR group if ≥2 resheathings were performed. Any 
partial or total recapture attempt was accounted. This 
information was confirmed by reviewing all angiogra-
phies and the reports of all procedures. The primary 
outcome was device success, defined by a combina-
tion of the absence of procedural death, implantation 
of a single prosthesis with a final mean transaortic gra-
dient <20  mm  Hg, and less than moderate paraval-
vular leak. Secondary outcomes were the 30- day and 
cumulative mortality, the incidence of 30- day safety 
events (all- cause mortality, all stroke, life- threatening 
bleeding, major vascular complication, stage 2 or 3 

CLINICAL PERSPECTIVE

What Is New?
• Multiple resheathing is required in up to 10% of 

cases, with independent predictors being as-
sociated with the type of valve implanted (more 
with Portico) and with the presence of moder-
ate/severe aortic regurgitation at baseline.

• Multiple resheathing, but not single resheath-
ing, was associated with worse device suc-
cess, determined by a higher need for a second 
valve, more device embolization, and increased 
1- year mortality, regardless of the type of valve 
implanted.

What Are the Clinical Implications?
• Multiple resheathing may not necessarily be 

the direct cause of the worse outcomes, but 
a marker of more complicated anatomical fea-
tures for an optimal device implantation.

• It may be reasonable for the operators to con-
sider changing the strategy/approach or type/
size of the valve before final release in cases 
where multiple resheathing is needed.

Nonstandard Abbreviations and Acronyms

MR multiple resheathing
NR no resheathing
SR single resheathing
TAVR transcatheter aortic valve replacement
THV transcatheter heart valve
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acute kidney injury, coronary artery obstruction re-
quiring intervention, and valve- related dysfunction 
requiring repeated procedure), and procedural com-
plications, which included a new permanent pace-
maker implantation at 30 days, new- onset persistent 
left bundle- branch block, and moderate or severe 
aortic regurgitation on echocardiogram at discharge. 
All events were assessed and reported according to 
the recommendation of the Valve Academic Research 
Consortium- 2 criteria.12

Statistical Analysis
Baseline characteristics and an unadjusted compari-
son of the outcomes were performed between the 3 
groups. Categorical variables were reported as total 
numbers of events and percentages and were com-
pared with the χ2 test. Continuous variables were re-
ported as mean±SD or as median with interquartile 
range, as appropriate, and analyzed with 1- way ANOVA 
or the Kruskal- Wallis test. Anatomical and procedural 
variables that differed significantly between groups 
were tested for their capacity of predicting the need 
for MR in a logistic regression model. Logistic regres-
sion was also performed to ascertain the independ-
ent effect of MR on the primary end point. Baseline 
variables that were significantly different between the 
groups and could theoretically impact device success 
were screened in a univariable model. Those with a 
P<0.1 were selected to the multivariable. In addition, 
patients were classified according to the absolute an-
nual procedural volume of the institution using a self- 
expanding repositionable device (≤25, 26– 75, or >75 
cases per year) to account for the centers’ experience 
in the regression assessment. For the 30- day and 1- 
year mortality, survival analysis with the Kaplan- Meier 
method was performed, comparing the 3 groups with 
the log- rank test and pairwise method, followed by a 
multivariable proportional hazard regression for 1- year 
mortality to assess the association of MR with the 
outcome after accounting for other factors. Chosen 
independent variables were those that differed be-
tween groups and were known by the literature to be 
associated with mortality. For the multivariable model, 
variables were included if they had a P<0.1 in the uni-
variable. The statistical analysis results are presented 
as odds ratios (ORs) or hazard ratios (HRs), accord-
ingly, with a 95% CI and P values. All analyses were 
performed with SPSS version 24 (IBM, Armonk, NY).

RESULTS
Among the 1030 patients eligible for the study, 4 did 
not have follow- up data and were excluded. The me-
dian follow- up time was 394 days (interquartile range, 
209– 646 days). Of the studied population, 336 (32.7%) 

required at least 1 resheathing, being multiple in 95 
(9.3%) cases, with a median of 2 attempts/patient (in-
terquartile range, 2– 3; range, 2– 6) (Figure 1). Baseline 
clinical, echocardiographic, and multidetector com-
puted tomography characteristics are shown in Table 1. 
Missing values were low (<5%) and were regarded as 
completely at random. Therefore, no specific analyti-
cal strategy was taken to handle them. The mean age 
was 81.1±7.2 years, and 44% were men, with a median 
Society of Thoracic Surgeons predicted risk of mortal-
ity score of 4.7 (interquartile range, 3– 7). Overall, clinical 
baseline characteristics were well balanced between 
the groups, except for chronic obstructive pulmonary 
disease, which was more prevalent in the NR group, 
whereas atrial fibrillation and previous cerebrovascular 
disease were more prevalent in the patients in the MR 
group. Baseline echocardiography showed that mod-
erate/severe aortic regurgitation was more frequent in 
patients in the MR group, with no difference for the 
severity of the aortic stenosis, as well as with respect 
to the multidetector computed tomography param-
eters. The main procedural characteristics are shown 
in Table 2. Resheathing and repositioning of the THV 
were more frequent with the Portico valve (Figure 1), 
and in patients with MR, more balloon predilation and 
postdilation were required, compared with NR and 
SR groups, in addition to significantly less conscious 
sedation. By multivariable analysis, the presence of 
moderate/severe aortic regurgitation at baseline and 
the use of the Portico valve were identified as inde-
pendent predictors for the need for MR (OR, 2.33; 95% 
CI, 1.4– 3.87; P=0.001 and OR, 2.81; 95% CI, 1.68– 4.7; 
P<0.001, respectively) (Table 3).

Procedural and Clinical Outcomes
Overall, device success was achieved in 89% of cases, 
with a lower rate in the patients in the MR group in 
comparison to the other 2 groups (80% versus 89.9% 
versus 89.8%; P=0.01), and this was mostly driven by 
a higher need of a second valve and more prosthesis 
embolization (Table  4). No differences in procedural 
death or other intraprocedural complication rates were 
observed. The incidence of new- onset persistent left 
bundle- branch block was higher in the patients in 
the MR group, although the need for new permanent 
pacemaker implantation was similar. On multivariable 
regression analysis, variables that independently im-
pacted the device success were moderate/severe 
aortic regurgitation at baseline (OR, 0.47; 95% CI, 0.3– 
0.76; P=0.002) and MR (OR, 0.42; 95% CI, 0.23– 0.74; 
P=0.003) (Table 5).

At 30  days, there was a similar rate of all- cause 
death, stroke, and other safety events among the 
groups (Table 3). At 1 year, MR was associated with 
increased mortality in comparison to NR and SR 
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cases (18.8% versus 10.5% versus 8.0%, respectively; 
P=0.014) (Figure 2). As shown in Table 6, after adjusting 
for differences in baseline characteristics and center 
volume on a multivariable proportional hazard model, 
chronic obstructive pulmonary disease (HR, 1.74; 95% 
CI, 1.11– 2.73; P=0.03), the need for MR (HR, 2.06; 95% 
CI, 1.18– 3.6; P=0.01), and lower center volume were in-
dependently associated with cumulative mortality (HR, 
1.89; 95% CI, 1.06– 3.36; P=0.03). Table S1 shows the 
rate of MR by the centers’ annual volume. No inter-
action in the regression models was found between 
center volume and MR for neither device success 
(P=0.45 for interaction) nor 1- year mortality (P=0.13 for 
interaction). In a sensitivity analysis, excluding the 187 
Portico cases, MR with the Evolut R/PRO continued 
to be associated with less device success and with a 
trend toward increased mortality at 1 year (Table S2 
and Figure S1). Tables S3 through S5 show the num-
ber of cases included in each regression analysis.

DISCUSSION
The main findings of this real- world registry of patients 
undergoing TAVR with repositionable self- expanding 
THV were as follows: (1) resheathing was required in 
a third of patients, being multiple in ≈10% of them; (2) 
independent predictors of MR were moderate/severe 
aortic regurgitation at baseline and implantation of a 
Portico valve; (3) MR was associated with lower device 

success, a higher rate of prosthesis embolization, and 
the need for a second valve, irrespective of the THV 
implanted; and (4) no differences were seen with re-
spect to the combined early safety events, although 
MR was an independent predictor of increased mid-
term mortality.

To the best of our knowledge, this is the first study 
to specifically address the need for resheathing during 
TAVR using a self- expanding device, according to the 
number of attempts/patients. Although prior studies in 
the TAVR field have shown resheathing rates of ≈30%, 
similar to our research, there has been a considerable 
variation among them according to valve type, rang-
ing from 21% to 41%.13– 21 Of note, MR, defined as the 
need for ≥2 partial or total recapture of the device, was 
required in 28% of all resheathing cases (≈10% over-
all), somewhat lower than the 38% reported by a re-
cent smaller study.13 More important, in our research, 
MR was more frequent with a Portico versus Evolut 
R/Pro device, and by multivariable analysis, the use 
of a Portico THV increased ≈3- fold the chances for 
MR. This has also been consistent with the literature, 
as shown in the recent Portico- I trial, where 41% of 
the cases needed at least 1 resheathing.16 One might 
argue that the Portico’s lower radial force might play a 
role in the higher resheathing rates.22 Yet, all but one of 
the participating centers had more experience with the 
Evolut P/Pro device than with the Portico. The over-
all lower experience with the Portico could have also 

Figure 1. Percentage of the need for single resheathing and multiple resheathing in the study, according to the type of 
transcatheter heart value (THV) implanted (A) and percentage of resheathing required, reported by previous studies for the 
different types of THV (B).
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played a role in the higher need for repositioning. The 
first- generation delivery system could have also con-
tributed to these findings because the new Flexnav 
system that showed improved outcomes in the recent 
PORTICO IDE trial is recalled for a more stable deploy-
ment.23 Nonetheless, this should be further evaluated 
in future studies.

Other anatomical factors that have been argued as 
possibly related to the need for repositioning have also 
been evaluated, such as the severity of aortic stenosis 
determined by transaortic gradient, valve orifice area, 

and aortic valve calcification, in addition to annulus size 
and eccentricity index. Yet, no significant correlation of 
such factors with the need for resheathing was found. 
Of note, a recent large study also failed to demonstrate 
an association of these variables with the use of the 
repositioning feature with both the Evolut R and PRO 
devices,14 highlighting that predicting the need for re-
capturing and repositioning self- expanding devices 
might not be so evident. In this regard, however, apart 
from the valve type, we identified moderate or severe 
aortic regurgitation at baseline to be independently 

Table 1. Baseline Clinical, Echocardiographic, and Computed Tomography Characteristics of the Study Population

Characteristics
Overall  
(n=1026)

NR  
(n=686)

SR  
(n=245)

MR  
(n=95) P Value

Clinical variables

Age, y 81±7 80.8±7.5 81.6±6.5 81.6±7.1 0.23

Male sex 452 (44.1) 304 (44.3) 99 (40.4) 49 (51.6) 0.17

NYHA class ≥III 616 (60) 412 (60.1) 150 (61.2) 54 (56.8) 0.76

Hypertension 889 (86.6) 595 (86.7) 215 (87.8) 79 (83.2) 0.53

Diabetes mellitus 346 (33.7) 221 (32.2) 91 (37.1) 34 (35.8) 0.34

COPD 216 (21.1) 161 (23.5) 43 (17.6) 12 (12.6) 0.02

Coronary artery disease 495 (48.2) 342 (49.9) 114 (46.5) 39 (41.1) 0.23

Previous CABG 125 (12.2) 76 (11.1) 37 (15.1) 12 (12.6) 0.25

Previous valve surgery 128 (12.5) 77 (11.2) 37 (15.1) 14 (14.7) 0.23

Previous Afib 339 (33) 227 (33.1) 70 (28.6) 42 (44.2) 0.02

Prior pacemaker 141 (14.1) 98 (14.6) 29 (12.3) 14 (15.4) 0.63

Prior RBBB 87 (8.8) 61 (9.1) 21 (9) 5 (5.5) 0.51

Prior LBBB 119 (12) 82 (12.2) 24 (10.3) 13 (14.3) 0.57

Cerebrovascular disease 91 (8.9) 54 (7.9) 22 (9) 15 (15.8) 0.04

Peripheral artery disease 181 (17.6) 118 (17.2) 51 (20.8) 12 (12.6) 0.18

STS- PROM score, % 4.7 (3– 7) 4.7 (3.1– 7.1) 4.8 (2.9– 6.9) 4.8 (3.2– 7) 0.9

Hemoglobin, g/dL 11.7±1.8 11.7±1.8 11.7±1.7 11.9±1.8 0.33

Creatinine, mg/dL 1.2±0.74 1.2±0.8 1.1±0.5 1.2±0.7 0.08

Echocardiographic variables*

LVEF, % 56.1±12.4 56±12.6 56.2±12.1 55.8±12.1 0.95

Aortic gradient, mm Hg 43.1±17.2 43.3±18.2 42.2±14.9 43.5±15.9 0.68

Aortic valve area, cm2 0.72±0.34 0.72±0.37 0.71±0.28 0.71±0.22 0.88

Moderate/severe aortic 
regurgitation

151 (15.1) 91 (13.6) 35 (14.5) 25 (26.6) 0.004

Moderate/severe mitral 
regurgitation

180 (18) 117 (17.6) 46 (19.2) 17 (17.9) 0.86

Pulmonary hypertension 484 (57.3) 334 (59.9) 110 (53.9) 40 (48.2) 0.07

MDCT variables†

Annulus perimeter, mm 73.8±8.9 73.9±9 73±8.4 75.5±9 0.09

Eccentricity index 0.18±0.09 0.19±0.09 0.18±0.09 0.19±0.08 0.6

Agatston calcium score ‡,§ 2464±1572 2462±1593 2416±1450 2395±1555 0.9

Values are number (percentage), mean±SD, or median (interquartile range). Afib indicates atrial fibrillation; CABG, coronary artery bypass grafting; COPD, 
chronic obstructive pulmonary disease; LBBB, left bundle- branch block; LVEF, left ventricular ejection fraction; MDCT, multidetector computed tomography; 
MR, multiple resheathing; NR, no resheathing; NYHA, New York Heart Association; RBBB, right bundle- branch block; SR, single resheathing; and STS- PROM, 
Society of Thoracic Surgeons predicted risk of mortality.

*Preprocedural echocardiogram data were available for 98% of the patients.
†Preprocedural MDCT was available for 90% of the patients.
‡Compared with the natural log transformation of the variable for normalization.
§Data on Agatston calcium score were available for 592 patients overall.
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associated with the need for MR. Most likely, the 
greater pulse pressure, generally accompanied by 
larger stroke volumes, could translate into a less stable 
delivery of the valve, explaining the finding.

Although the clinical outcomes during TAVR pro-
cedures have unquestionably been improved with the 
current generation of devices, including lower profile de-
livery systems and the possibility to reposition the THV, 
there is controversy on whether resheathing and rede-
ploying the valve could jeopardize clinical outcomes. 
Therefore, although repositioning the THV might en-
sure proper implants, generally, at a higher position 
to reduce conduction disturbances and to improve 
hemodynamics, this could augment the instrumenta-
tion of the aorta, potentially increasing cerebrovascular 
events and device embolization. Nonetheless, recent 
larger studies using various repositionable devices did 
not show an association of this maneuver with poorer 
clinical outcomes, including stroke, in accordance with 
our findings.16,18,24,25 Notably, a recent study evaluating 

histological and histomorphometric data of elements 
captured from filters of patients undergoing TAVR 
using embolic protection filters showed a much higher 
amount of debris among those in whom THV was re-
positioned.11 The real impact of such findings is still un-
clear. Whether the use of embolic protection devices 
in patients with an anticipated higher risk for MR (eg, 
patients with moderate/severe aortic regurgitation at 
baseline) could reduce neurologic events needs to be 
further evaluated in proper design studies.

Another important aspect is that prior research 
has not explicitly evaluated the number of resheathing 
and recapture during TAVR and the potential impact 
on clinical outcomes. In the present study, we were 
able to determine that in up to 10% of the patients, 
MR was necessary, and it was significantly associ-
ated with less device success and increased 1- year 
mortality. Although the overall device success in our 
study was ≈90%, similar to what is found in most of 
the literature for self- expanding THV,16,18,24,25 in those 

Table 2. Procedural Characteristics of the Study Population

Characteristics
Overall  
(n=1026)

NR  
(n=686)

SR  
(n=245)

MR  
(n=95) P Value SR vs NR MR vs NR MR vs SR

Procedural characteristic

Transfemoral approach 918 (89.5) 608 (88.6) 223 (91) 87 (91.6) 0.45 … … …

Conscious sedation 584 (57) 417 (60.9) 130 (53.1) 37 (38.9) <0.001 0.03 <0.001 0.02

Valve- in- valve procedure 99 (9.6) 59 (8.6) 29 (11.8) 11 (11.6) 0.27 … … …

Predilatation 466 (45.4) 296 (43.1) 116 (47.3) 54 (56.8) 0.03 0.26 0.01 0.012

Postdilatation 277 (27) 166 (24.2) 71 (29) 40 (42.1) 0.001 0.14 <0.001 0.02

Prosthesis type

Evolut R 720 (70.2) 496 (72.3) 174 (71) 50 (52.6) <0.001

Evolut PRO 117 (11.4) 91 (13.3) 17 (6.9) 9 (9.5) 0.002 <0.001 0.005

Portico 189 (18.4) 99 (14.4) 54 (22) 36 (37.9)

Prosthesis size*

Small 460 (44.8) 300 (43.7) 121 (49.4) 39 (41.1) 0.45

Medium 463 (45.1) 313 (45.6) 102 (41.6) 48 (50.5) … … …

Large 103 (10) 73 (10.6) 22 (9.0) 8 (8.4)

No. of resheathings 0 (0– 1) 0 1 2 (2– 3) <0.001 … … …

Values are number (percentage) or median (interquartile range). MR indicates multiple resheathing; NR, no resheathing; and SR, single resheathing.
*Small=Evolut R/PRO 23/26 and Portico 23/25; medium=Evolut R/PRO 29 and Portico 27/29; and large=Evolut R/PRO 34.

Table 3. Univariable and Multivariable Logistic Regression for MR

Univariable Multivariable*

Variables OR (95% CI) P Value Variable OR (95% CI) P Value

Aortic regurgitation† 2.25 (1.37– 3.69) 0.001 Aortic regurgitation† 2.33 (1.4– 3.87) 0.001

Balloon predilation 1.66 (1.08– 2.54) 0.02 Balloon predilation 1.21 (0.74– 2) 0.45

Evolut PRO‡ 1.12 (0.53– 2.34) 0.77 … … …

Portico‡ 3.15 (1.98– 5.01) <0.001 Portico‡ 2.81 (1.68– 4.7) <0.001

MR indicates multiple resheathing; and OR, odds ratio.
*A total of 1003 (97.8%) cases were included in a complete case analysis (more details in Table S3).
†Moderate or severe aortic regurgitation at baseline.
‡Evolut R/PRO as reference.
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patients requiring MR it went down to 80%. These re-
sults were driven by higher device embolization rates 
and need for a second THV in the MR group. Notably, 
previous studies have consistently demonstrated with 

the various THVs that valve embolization and, even-
tually, the need for a second device significantly in-
creased mortality.26– 28 It is important to mention that 
even though the Portico device was associated with 

Table 4. Comparison of Procedural and 30- Day Outcomes Between the Groups

Variables
Overall  
(n=1026)

NR  
(n=686)

SR  
(n=245)

MR  
(n=95) P Value*

SR vs 
NR

MR vs 
NR

MR vs 
SR

Procedural outcomes

Device success 913 (89) 617 (89.9) 220 (89.8) 76 (80) 0.01 0.95 0.004 0.02

Procedural death 29 (2.8) 21 (3.1) 4 (1.6) 4 (4.2) 0.36 … … …

Need of a second valve 23 (2.2) 4 (0.6) 9 (3.7) 10 (10.5) <0.001 0.001 <0.001 0.01

Prosthesis embolization 15 (1.5) 3 (0.4) 5 (2) 7 (7.4) <0.001 0.02 <0.001 0.02

Tamponade 20 (1.9) 9 (1.3) 9 (3.7) 2 (2.1) 0.07 … … …

Coronary obstruction 8 (0.8) 6 (0.9) 2 (0.8) 0 0.66 … … …

Aortic rupture 4 (0.4) 3 (0.4) 1 (0.4) 0 0.81 … … …

30- d outcomes

All- cause death† 36 (3.6) 25 (3.7) 5 (2.1) 6 (6.4) 0.15 … … …

Combined early safety 157 (15.3) 108 (15.7) 35 (14.3) 14 (14.7) 0.85 … … …

Stroke

All stroke 24 (2.4) 18 (2.6) 5 (2) 1 (1.1) 0.6 … … …

Disabling stroke 15 (1.5) 10 (1.5) 4 (1.6) 1 (1.1) 0.93 … … …

Major vascular complication 56 (5.5) 37 (5.4) 14 (5.7) 5 (5.4) 0.98 … … …

Life- threatening bleeding 42 (4.1) 24 (3.5) 14 (5.7) 4 (4.3) 0.33 … … …

Acute kidney injury (stages 2 and 3) 61 (6) 42 (6.2) 12 (4.9) 7 (7.4) 0.65 … … …

New permanent pacemaker 154 (15.2) 96 (14.2) 42 (17.2) 16 (17) 0.47 … … …

New- onset persistent LBBB 192 (19.2) 111 (16.6) 52 (21.7) 29 (30.9) 0.002 0.08 0.001 0.08

Moderate/severe aortic regurgitation 30 (3.1) 18 (2.8) 8 (3.5) 4 (4.5) 0.65 … … …

Aortic gradient, mm Hg 8.5±5.3 8.5±5.3 8.3±4.8 9.6±6.6 0.15 … … …

Data are given as number (percentage) or mean±SD. LBBB indicates left bundle- branch block; MR, multiple resheathing; NR, no resheathing; and SR, single 
resheathing.

*Overall P value.
†Kaplan- Meier event probability estimates (log- rank).

Table 5. Univariable and Multivariable Logistic Regression for Device Success

Univariable Multivariable*

Variables OR (95% CI) P Value Variable OR (95% CI) P Value

COPD 0.71 (0.45– 1.11) 0.13 … … …

Aortic regurgitation† 0.44 (0.27– 0.7) <0.001 Aortic regurgitation† 0.47 (0.3– 0.76) 0.002

Balloon predilation 1.01 (0.68– 1.5) 0.95 … … …

Balloon postdilation 0.88 (0.57– 1.36) 0.58 … … …

Evolut PRO‡ 0.99 (0.54– 1.8) 0.96 … … …

Portico‡ 1.67 (0.93– 3.02) 0.08 Portico‡ 1.89 (0.97– 3.67) 0.06

Multiple resheathing§ 0.45 (0.26– 0.78) 0.004 Multiple resheathing 0.42 (0.23– 0.74) 0.003

SE- THV center annual volume <25 cases§,|| 1.47 (0.87– 2.5) 0.15 SE- THV center annual volume <25 
cases||

1.58 (0.91– 2.74) 0.11

SE- THV center annual volume 26– 75 
cases§,||

1.5 (0.95– 2.38) 0.08 SE- THV center annual volume 
26– 75 cases||

1.28 (0.77– 2.12) 0.35

COPD indicates chronic obstructive pulmonary disease; OR, odds ratio; and SE- THV, self- expanding transcatheter heart valve.
*A total of 1003 (97.8%) cases were included in a complete case analysis (more details in Table S4).
†Moderate or severe aortic regurgitation at baseline.
‡Evolut R as the reference.
§Interaction between center annual volume and multiple resheathing (P=0.45).
||SE- THV center annual volume >75 cases as reference.
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higher MR need, the negative impact of MR was seen 
regardless of the type of THV implanted.

Finally, there was a trend toward more early deaths 
for the MR group, that on the midterm follow- up was 
significant, with 2- fold greater mortality compared with 
NR or SR cases. It is difficult to conclude whether 
MR was the causative factor of the increased mortal-
ity at 1 year. One would expect a procedure- related 
event to rather impact early outcomes. Nevertheless, 
most of the Kaplan- Meier curve separation occurred 
during the first 120 days, a period more sensitive to the 

consequences of a procedural issue. Alternatively, MR 
could be merely a marker of more complicated ana-
tomical features for proper device implantation, leading 
to more prosthesis embolization, which, in turn, com-
promises the results. This was highlighted by a higher 
need for predilatation and postdilatation, and less use 
of conscious sedation in the MR group. Therefore, we 
suggest that in patients in whom the operator has dif-
ficulties positioning the THV after >2 attempts, it may 
be reasonable to consider switching to a different size 
or even to another type of bioprosthesis before final 
deployment.

The present study has several limitations. Its ret-
rospective nature makes it prone to biases related to 
this type of study design. Thus, although other stud-
ies in the literature support our results, they should be 
perceived as exploratory and confirmed by further re-
search. Moreover, there was no central adjudication of 
events or a central core laboratory to assess pre- TAVR 
and post- TAVR imaging examinations, even though all 
participating centers have well- developed TAVR pro-
grams with experienced heart teams. Nevertheless, 
there was some heterogeneity in experience among 
the centers, which was taken into account as a co-
factor in the multivariable analysis, according to each 
center’s annual procedural volume with self- expanding 
valves. Also, we see this variation of experience among 
centers to better reflect the real world of TAVR practice, 
increasing the external validity of our findings. Another 
limitation was that the exact causes of the resheathing 
were not available, which could have also played a role 
in explaining the results. However, a recent study has 
not seen an association of the cause of resheathing 
with outcomes.14 Finally, most of the cases included in 

Figure 2. Comparison of the Kaplan- Meier cumulative 
mortality curves at 1 year among the groups.
In pairwise log- rank comparison, there was a significant 
difference between no resheathing (NR) vs multiple resheathing 
(MR) (P=0.02), and between single resheathing (SR) vs MR 
(P=0.005). No difference was observed between NR vs SR 
(P=0.3).

Table 6. Univariable and Multivariable Proportional Hazard Regression for the Cumulative Mortality at 1 Year

Univariable Multivariable*

Variables HR (95% CI) P Value Variables HR (95% CI) P Value

COPD 1.65 (1.07– 2.55) 0.03 COPD 1.74 (1.11– 2.73) 0.03

Afib† 1.44 (0.96– 2.16) 0.08 Afib† 1.49 (0.98– 2.73) 0.06

Cerebrovascular disease 1.19 (0.62– 2.28) 0.61 … … …

Aortic regurgitation‡ 1.07 (0.62– 1.86) 0.81 … … …

Evolut PRO§ 0.78 (0.4– 1.52) 0.47 … … …

Portico§ 0.75 (0.43– 1.31) 0.32 … … …

Multiple resheathing|| 1.92 (1.11– 3.32) 0.02 Multiple resheathing 2.06 (1.18– 3.6) 0.01

SE- THV center annual volume <25 
cases||,¶

1.72 (0.97– 3.05) 0.06 SE- THV center annual volume <25 
cases¶

1.89 (1.06– 3.36) 0.03

SE- THV center annual volume 26– 75 
cases||,¶

1.36 (0.8– 2.33) 0.26 SE- THV center annual volume 26– 75 
cases¶

1.33 (0.77– 2.3) 0.3

Afib indicates atrial fibrillation; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; and SE- THV, self- expanding transcatheter heart valve.
* A total of 1026 (100%) cases were included in a complete case analysis (more details in Table S5).
† Afib indicates atrial fibrillation at baseline.
‡ Moderate or severe aortic regurgitation at baseline.
§ Evolut R as the reference.
|| Interaction between center annual volume and multiple resheathing (P=0.13).
¶ SE- THV center annual volume >75 cases as reference.
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the study were performed before the more widespread 
use of current techniques using specific gantry angles 
for THV deployment, aiming higher implants, and using 
more precise positioning. Thus, future studies with 
more contemporary techniques may be warranted to 
further confirm our findings.

In conclusion, repositioning a self- expanding valve 
during TAVR is used in a third of patients, being multiple 
in ≈10% of them, which was predicted by the presence 
of moderate/severe aortic regurgitation at baseline and 
implantation of a Portico valve. MR, but not SR, was 
associated with more device failure and increased 1- 
year mortality, regardless of the type of transcatheter 
valve implanted.
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Table S1. Frequency of multiple resheathing by center´s annual volume with SE-THV. 

 

 Annual volume % Multiple 

Resheathing 

P value 

Centers´ annual 

volume with SE-THV 

≤ 25 cases/year 7.2% 

0.05 25-75 cases/year 11.5% 

> 75 cases/year 6.9% 

SE-THV = self-expanding transcatheter heart valve 

  



 

 
 

Table S2. Comparison of procedural and 30-day outcomes between the groups including only 

Evolut R and PRO cases. 

*Kaplan-Meier events probability estimates (log rank). LBBB= left bundle branch block.       

NR=no resheathing; SR=single resheathing; MR=multiple resheathing. 

 

 

 

Overall 

(n=837) 
NR 

(n=587) 

SR 

(n=191) 
MR 

(n=59) P value 

Procedural outcomes      

  Device success 738 (88.2) 523 (89.1) 173 (90.6) 42 (71.2) <0.001 

  Procedural death 26 (3.1) 20 (3.4) 3 (1.6) 3 (5.1) 0.3 

  Need of a second valve 19 (2.3) 3 (0.5) 6 (3.1) 10 (16.9) <0.001 

  Prosthesis embolization 12 (1.4) 2 (0.3) 3 (1.6) 7 (11.9) <0.001 

  Tamponade 13 (1.6) 9 (1.5) 4 (2.1) 0 0.52 

  Coronary obstruction 6 (0.7) 5 (0.9) 1 (0.5) 0 0.71 

  Aortic rupture 3 (0.4) 3 (0.5) 0 0 0.53 

30-day outcomes      

  All-cause death* 30 (3.7) 22 (3.8) 3 (1.7) 5 (8.6) 0.04 

  Early Safety 135 (16.1) 99 (16.9) 26 (13.6) 10 (16.9) 0.56 

  Stroke      

       All stroke 21 (2.5) 17 (2.9) 3 (1.6) 1 (1.7) 0.54 

       Disabling Stroke 12 (1.4) 8 (1.4) 3 (1.6) 1 (1.7) 0.96 

  Major vascular complication 49 (5.9) 35 (6) 12 (6.3) 2 (3.5) 0.72 

  Life-threatening bleeding 34 (4.1) 24 (4.1) 9 (4.7) 1 (1.7) 0.6 

  Acute kidney injury (stages 2 and 3) 55 (6.6) 40 (6.9) 9 (4.7) 6 (10.2) 0.31 

  New permanent pacemaker 122 (14.8) 83 (14.4) 29 (15.3) 10 (17.2) 0.83 

  New-onset persistent LBBB 144 (17.7) 94 (16.5) 36 (19.4) 14 (24.1) 0.28 

  Moderate/severe aortic regurgitation 24 (3.1) 15 (2.8) 6 (3.4) 3 (5.6) 0.51 

  Mean aortic gradient, mmHg 8.8±5.6 8.7±5.5 8.3±4.8 11±8.2 0.02 



 

 
 

Table S3. Total number and percentage of cases included in the logistic regression analysis for 

multiple resheathing. 

Univariable Multivariable 

Variables N (%)  Variable N (%)  

Aortic regurgitation* 1003 (97.8)  Aortic regurgitation* 1003 (97.8)  

Balloon predilation 1026 (100)  Balloon predilation 1003 (97.8)  

Evolut PROⴕ 1026 (100)  - -  

Porticoⴕ 1026 (100)  Porticoⴕ 1003 (97.8)  

*Moderate or severe aortic regurgitation at baseline; ⴕEvolut R/PRO as reference. 



 

 
 

Table S4. Total number and percentage of cases included in the logistic regression analysis for 

device success. 

Univariable  Multivariable 

Variables N (%)  Variable N (%) 

COPD 1026 (100)  - - 

Aortic regurgitation* 1003 (97.8)  Aortic regurgitation* 1003 (97.8) 

Balloon predilation 1026 (100)  - - 

Balloon postdilation 1026 (100)  - - 

Evolut PROⴕ 1026 (100)  - - 

Porticoⴕ 1026 (100)  Porticoⴕ 1003 (97.8) 

Multiple resheathing 1026 (100)  Multiple resheathing 1003 (97.8) 

SE-THV center annual 

volume <25 cases‡ 
1026 (100)  

SE-THV center annual 

volume <25 cases‡ 
1003 (97.8) 

SE-THV center annual 

volume 26-75 cases‡ 
1026 (100)  

SE-THV center annual 

volume 26-75 cases‡ 
1003 (97.8) 

COPD=Chronic obstructive pulmonary disease; SE-THV=Self-expanding transcatheter heart valve; 

*Moderate or severe aortic regurgitation at baseline; ⴕEvolut R as the reference; ‡SE-THV center annual 

volume >75 as reference. 

 

  



 

 
 

Table S5. Total number and percentage of cases included in the proportional hazard 

regression for the cumulative mortality at 1 year analysis for device success. 

Univariable Multivariable 

Variables N (%) Variables N (%) 

COPD 1026 (100) COPD 1026 (100) 

Afib* 1026 (100) Afib* 1026 (100) 

Cerebrovascular disease 1026 (100) - - 

Aortic regurgitationⴕ 1003 (97.8) - - 

Evolut PRO‡ 1026 (100) - - 

Portico‡ 1026 (100) - - 

Multiple Resheathing 1026 (100) Multiple resheathing 1026 (100) 

SE-THV center annual 

volume <25 cases§ 

1026 (100) SE-THV center annual 

volume <25 cases§ 

1026 (100) 

SE-THV center annual 

volume 26-75 cases§ 
1026 (100) 

SE-THV center annual 

volume 26-75 cases§ 
1026 (100) 

COPD=Chronic obstructive pulmonary disease; SE-THV=Self-expanding transcatheter heart valve; 

*Afib= atrial fibrillation at baseline; ⴕModerate or severe aortic regurgitation at baseline; ‡Evolut R as 

the reference; §SE-THV center annual volume >75 as reference. 

 

 

 

  



 

 
 

Figure S1. Comparison of Kaplan-Meier cumulative mortality curves at 1-year including only 

the Evolut R and PRO cases. 

 

 


