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Abstract

OBJECTIVES: Obesity may increase the risk of vascular complications in transfemoral (TF) transcatheter aortic valve replacement (TAVR)
procedures. The transcarotid (TC) approach has recently emerged as an alternative access in TAVR. We sought to compare vascular com-
plications and early clinical outcomes in obese patients undergoing TAVR either by TF or TC vascular access.

METHODS: Multicentre registry including obese patients undergoing TF- or TC-TAVR in 15 tertiary centres. All patients received newer-
generation transcatheter heart valves. For patients exhibiting unfavourable ileo-femoral anatomic characteristics, the TC approach was fav-
oured in 3 centres with experience with it. A propensity score analysis was performed for overcoming unbalanced baseline covariates. The
primary end point was the occurrence of in-hospital vascular complications (Valve Academic Research Consortium-2 criteria).

RESULTS: A total of 539 patients were included, 454 (84.2%) and 85 (15.8%) had a TF and TC access, respectively. In the propensity-
adjusted cohort (TF: 442 patients; TC: 85 patients), both baseline and procedural valve-related characteristics were well-balanced between
groups. A significant decrease in vascular complications was observed in the TC group (3.5% vs 12% in the TF group, odds ratio: 0.26, 95%
CI: 0.07–0.95, P = 0.037). There were no statistically significant differences between groups regarding in-hospital mortality (TC: 2.8%, TF:
1.5%), stroke (TC: 1.2%, TF: 0.4%) and life-threatening/major bleeding events (TC: 2.8%, TF: 3.8%).

CONCLUSIONS: In patients with obesity undergoing TAVR with newer-generation devices, the TC access was associated with a lower rate
of vascular complications. Larger randomized studies are warranted to further assess the better approach for TAVR in obese patients.

Keywords: Transcatheter aortic valve replacement • Transfemoral • Transcarotid • Obesity

ABBREVIATIONS

BMI Body mass index
IPW Inverse probability of treatment weight
PS Propensity score
TAVR Transcatheter aortic valve replacement
TC Transcarotid
TF Transfemoral
THV Transcatheter heart valve

INTRODUCTION

Transcatheter aortic valve replacement (TAVR) has been estab-
lished as a first-line therapeutic option for high-risk and elderly

patients with symptomatic severe aortic stenosis [1–3]. However,
patients with at least grade II obesity [those exhibiting a body
mass index (BMI) >35 kg/m2] have been underrepresented in the
main TAVR versus surgical aortic valve replacement trials. The
prevalence of obesity has dramatically increased in western
countries over the last 30 years, and it has been estimated that
>6% of adults in North America have severe obesity [4, 5]. In ad-
dition, previous observational studies showed that the prevalence
of severe obesity in real-world TAVR populations was close to
15% [6, 7].

The transfemoral (TF) access is well-recognized as the default
approach for TAVR procedures. However, it is widely accepted
that femoral vascular access management and hemostasis are
more challenging in obese patients because of their inherent an-
atomic features. In fact, obesity has been reported to be an inde-
pendent predictor for vascular access complications in patients
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undergoing TF coronary interventions [8, 9]. In the TAVR field,
the transcarotid (TC) and transaxillary approaches have been as-
sociated with improved clinical outcomes compared to the more
invasive transapical and transaortic alternatives [10]. Moreover, it
has been reported that the main safety and efficacy outcomes
obtained with TF-TAVR could be mimicked by TC-TAVR in a
real-world population [11, 12, 13]. Indeed, the TC approach has
been associated with a very low rate of vascular and bleeding
complications [12], and this may represent a major advantage in
the challenging group of TAVR candidates with important obe-
sity. Thus, we sought to compare the early clinical outcomes in
obese patients (at least grade II obesity) undergoing TAVR either
by TF or by TC vascular access, with special focus on vascular
complications.

MATERIALS AND METHODS

Ethics statement

The study was performed in accordance with the institutional re-
view board of all participating centres, which granted the ap-
proval for the study. All patients provided written informed
consent for the procedures.

Study population

This was a multicentre, observational study involving 15
tertiary-care hospitals from Europe and North America.
Consecutive patients with at least grade II obesity (i.e. BMI
>35 kg/m2) who underwent TF- or TC-TAVR between March
2015 and July 2020 were included. Patients who underwent
TAVR by other approach beyond TF or TC and those in whom
TF-TAVR was performed with the use of a surgical cut-down ap-
proach were not included in the study. In addition, those
patients receiving early-generation transcatheter heart valves
(THVs) were excluded, aiming to improve comparability be-
tween groups and to include predominantly a contemporane-
ous subset of patients. The following THVs were considered to
be early-generation devices: the balloon-expandable SAPIEN
and SAPIEN XT (Edwards Lifesciences, Irvine, CA, USA) and the
self-expandable CoreValve (Medtronic Inc., Minneapolis, MN,
USA). A list of inclusion/exclusion criteria is presented in
Supplementary Material, Table S1.

Vascular access selection

Multimodality vascular evaluation was performed in all cases
prior to the procedure to select the optimal vascular access, in-
cluding multi-slice computed tomography of the aorta, iliac,
femoral and carotid arteries, as well as Doppler sonography of
the carotid and supra-aortic arch vessels. Whenever feasible, TF
was considered as the first-line approach. In 3 participating
centres, the TC cut-down approach was the preferred access
for those patients with unfavourable iliofemoral anatomy (de-
fined as a minimal lumen diameter below the recommended
one according to the size of the selected THV or as the pres-
ence of severe calcification/tortuosity), prior peripheral lower
limb vascular intervention, or significant disease of the thoraco-
abdominal aorta precluding a safety passage of the THV system.
Two conditions should have been fulfilled before TC-TAVR: the

presence of a non-diseased common carotid artery with a min-
imal lumen diameter above 7 mm and the absence of contra-
lateral significant (>50%) internal or common carotid artery
stenosis.

Procedural technique

TF cases were generally performed under local anaesthesia and
conscious sedation, whereas TC cases were preferentially per-
formed under general anaesthesia. The technique for TC-TAVR
has been previously described [13]. The selection of the THV and
the secondary access were left to the discretion of the operators
responsible for the case.

Study end points

Baseline, periprocedural and in-hospital data were prospec-
tively collected in a dedicated TAVR database. The primary end
point was the occurrence of in-hospital periprocedural vascular
complications. Secondary end points were in-hospital all-cause
mortality, stroke, life-threatening/major bleeding events, need
for a new permanent pacemaker implantation and new-onset
atrial fibrillation. All events were defined according to the Valve
Academic Research Consortium-2 criteria [14].

Statistical analysis

Results were displayed as number (percentage) for categorical
data and as mean (standard deviation) or median (interquartile
range) for continuous variables. Student’s t-test was used to
compare normally distributed continuous variables and the
Mann–Whitney U-test was used for continuous non-normally
distributed variables. The chi-square and Fisher’s exact tests
were used to compare categorical variables as appropriate.
The analyses were performed according to the main TAVR ac-
cess (TF versus TC).

Propensity score (PS) matching with an inverse probability of
treatment weight (IPW) approach was used to adjust for differen-
ces in baseline characteristics and potential confounders that
may lead to biased estimates of treatment outcomes. A PS was
calculated for each patient to estimate the propensity towards
belonging to a specific treatment group (TC versus TF). This was
done by means of a multivariate logistic regression including the
following covariates: age, sex, diabetes mellitus, hypertension,
chronic obstructive pulmonary disease, coronary artery disease,
peripheral vascular disease, cerebrovascular disease, prior coro-
nary artery bypass graft, prior valvular cardiac surgery, prior atrial
fibrillation, New York Heart Association class at the time of pro-
cedure, prior dialysis, sheath size and Society of Thoracic
Surgeons score for predicted risk of mortality. The PS calculation
allowed case-weight estimation to predict the inverse probability
of having a TC approach. The case weights balanced the cohorts
for an IPW analysis that included all patients with available data
for the variables included in the propensity model. The adequate
balancing of covariate distribution between the matched groups
was numerically assessed by means of standardized means differ-
ences before and after IPW-matching, and graphically assessed
by means of the box and cumulative probability plots for raw
and IPW-adjusted data (Supplementary Material, Figs. S1 and S2).
Then, an inverse probability of treatment weighted logistic
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regression was performed to determine the relation between the
TAVR approach and our primary and secondary end points. This
logistic regression was also adjusted for the variables with stan-
dardized mean differences > or <0.1 after IPW-matching. Data
analyses were performed using STATA (v14.0; StataCorp), and
P-values <0.05 were considered significant. The data underlying
this article will be shared on reasonable request to the corre-
sponding author.

Data availability statement

The data that support the findings of this study are available
from the corresponding author and the authors from each par-
ticipating center on reasonable request.

RESULTS

A total of 539 patients were included, with a mean BMI of 39.6
(4.9) kg/m2. Among them, 454 (84.2%) patients underwent TF-
TAVR and 85 (15.8%) TC-TAVR. A flow chart summarizing patient
selection is displayed in the graphic abstract. Baseline clinical and
procedural characteristics for the un-matched cohort are dis-
played in Table 1. In the overall population, patients in the TF
group were older (P = 0.01), had a higher prevalence of hyperten-
sion (P = 0.01) and exhibited a higher baseline left ventricle ejec-
tion fraction (P = 0.01); whereas patients in the TC subgroup
exhibited a higher prevalence of peripheral vascular disease
(P = 0.001) and a poorer functional class at the time of the proce-
dure (P = 0.03). The balloon-expandable Sapien 3 valve was the
system most commonly used in both groups (45.3% and 64.7%

Table 1: Baseline and procedural characteristics of the overall cohort

Entire population

Overall (n = 539), n (%) TF (n = 454), n (%) TC (n = 85), n (%) P-Value Std. dif.

Age, years 76.5 (8.1) 76.9 (8.2) 74.7 (7.5) 0.02 -0.29
Gender, female 331 (61.4) 286 (63) 45 (52.9) 0.08 -0.21
BMI, kg/m2 39.6 (4.9) 39.4 (4.3) 40.5 (7.1) 0.05 0.29
COPD 135 (25.1) 107 (23.6) 28 (32.9) 0.07 0.20
Diabetes mellitus 274 (50.8) 235 (51.8) 49 (45.9) 0.32 -0.12
Hypertension 492 (91.3) 436 (96) 56 (65.9) 0.001 -0.82
Previous CAD 222 (41.2) 187 (41.2) 35 (41.2) 0.99 0.01
Prior CABG 68 (12.6) 53 (11.7) 15 (17.6) 0.12 0.16
Prior valve surgery 41 (7.6) 31 (6.9) 10 (11.8) 0.12 0.17
Peripheral vascular disease 62 (11.5) 42 (9.3) 20 (23.5) 0.001 0.39
Cerebrovascular disease 43 (8) 38 (8.4) 5 (5.9) 0.44 -0.10
Atrial fibrillation 175 (32.5) 150 (33) 25 (29.4) 0.51 -0.08
Creatinine, mmol/l 110 (65) 110 (68) 110 (63) 0.94 -0.03
Dialysis 11 (2) 9 (2) 2 (2.4) 0.83 0.02
Permanent pacemaker 45 (8.4) 34 (7.5) 11 (12.9) 0.10 0.20
NYHA class >_III 362 (67.1) 296 (65.2) 66 (77.6) 0.03 0.28
STS mortality 4.8 (3.9) 4.8 (3.9) 4.8 (4.2) 0.84 0.04
EuroScore 2 4.7 (5.7) 4.8 (5.5) 4.3 (6.1) 0.45 0.09
LVEF, % 55.1 (12.4) 55.6 (12.4) 52.3 (11.8) 0.03 -0.26
AVA, cm2 0.74 (0.21) 0.74 (0.21) 0.70 (0.15) 0.07 -0.25
Severe MR 14 (2.8) 13 (3.1) 1 (1.2) 0.33 -0.12

(n = 504)
Valve size 0.87

<_26 mm 232 (61.6) 279 (61.4) 53 (62.4)
>26 mm 207 (38.4) 175 (38.6) 32 (37.7) -0.04

Valve type 0.01
Sapien 3 261 (48.4) 206 (45.3) 55 (64.7)
Evolut R/PRO 215 (39.9) 185 (40.8) 30 (35.3)
Symetis Acurate 46 (8.5) 46 (10.1) 0
Portico 13 (2.4) 13 (2.9) 0
Allegra 3 (0.6) 3 (0.7) 0
Direct flow 1 (0.2) 1 (0.2) 0

Sheath size 0.14
14 F 371 (69.1) 308 (68.1) 63 (74.1)
16 F 97 (18) 80 (17.7) 17 (20)
18 F 36 (6.7) 31 (6.9) 5 (5.9)
20 F 32 (6) 32 (7.1) 0
22 F 1 (0.2) 1 (0.2) 0

Mean size, F 15 (1.7) 15.1 (1.8) 14.6 (1.2) 0.03 -0.24
Vascular closure technique for TF-TAVR (n = 454) NA NA NA

Prostar 142 (31.1)
2 ProGlide 294 (64.8)
1 ProGlide 14 (3.1)
Manta 4 (0.9)

AVA: aortic valve area; BMI: body mass index; CABG: coronary artery bypass graft; CAD: coronary artery disease; CI: confidence interval; COPD: chronic obstruc-
tive pulmonary disease; LVEF: left ventricle ejection fraction; MR: mitral regurgitation; NA: not applicable; NYHA: New York Heart Association; OR: odds ratio; STS:
society of thoracic surgeons; TAVR: transcatheter aortic valve replacement; TC: transcarotid; TF: transfemoral.
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for TF-TAVR and TC-TAVR, respectively), followed by the self-
expandable Evolut R/PRO system (40.8% and 35.3% for TF-TAVR
and TC-TAVR, respectively). Larger vascular introducers were
used for TF-TAVR than for TC-TAVR patients [15.1(1.8) F vs
14.6(1.2) F, P = 0.03]. The percutaneous access site closure man-
agement in TF-TAVR patients is displayed in Table 1. Most opera-
tors used the double-ProGlide strategy (64.8%), followed by the
Prostar system (31.1%).

A total of 442 (97.4%) and 85 (100%) patients from the TF- and
TC-TAVR groups were included in the IPW propensity-matched
analysis. After IPW adjustment both groups were comparable for
the baseline characteristics, the type and the size of the valve
implanted and the diameter of the therapeutic sheath used dur-
ing the procedure (Tables 2 and 3).

In-hospital outcomes were available for all patients and are
shown in Table 4 for the IPW-adjusted cohort, along with the

Table 2: Baseline characteristics in the inverse probability of treatment weight-adjusted population

IPW-adjusted population

TF (n = 442), n (%) TC (n = 85), n (%) P-Value Std. dif.

Age, years 76.3 (9.1) 75.4 (7) 0.33 0.12
Gender, female 268 (60.5) 53 (62.5) 0.72 0.04
BMI 39.9 (4.2) 40.5 (6.9) 0.27 0.05
COPD 115 (25.8) 20 (24.1) 0.74 -0.04
Diabetes mellitus 231 (52.2) 51 (60.2) 0.18 0.16
Hypertension 403 (91.2) 78 (91.5) 0.97 0.01
Previous CAD 185 (41.8) 38 (44.5) 0.64 0.05
Prior CABG 59 (13.4) 11 (12.5) 0.83 -0.05
Prior valve surgery 32 (7.3) 7 (7.8) 0.87 0.02
Peripheral vascular disease 48 (10.9) 9 (10.8) 0.98 -0.003
Cerebrovascular disease 35 (8) 6 (7.4) 0.85 -0.02
Atrial fibrillation 146 (33.1) 30 (35.8) 0.63 0.06
Creatinine, mmol/l 111.5 (72) 116 (67) 0.56 0.06
Dialysis 10 (2.2) 2 (2.4) 0.91 0.05
NYHA class >_III 296 (67) 58 (68.4) 0.80 0.03
STS mortality 4.7 (3.7) 4.7 (3) 0.80 -0.03
EuroScore 2 4.6 (5.5) 4.3 (5.3) 0.64 -0.07
LVEF, % 55.6 (11.9) 55.6 (10.2) 0.99 0.01
AVA, cm2 0.74 (0.21) 0.71 (0.15) 0.21 -0.17
Severe MR 15 (3.6) 2 (3.2) 0.83 -0.04

AVA: aortic valve area; BMI: body mass index; CABG: coronary artery bypass graft; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; in-
verse probability of treatment weight; LVEF: left ventricle ejection fraction; MR: mitral regurgitation; TC: transcarotid; TF: transfemoral.

Table 3: Procedural characteristics of the inverse probability of treatment weight-adjusted population

IPW-adjusted population

TF (n = 442) TC (n = 85) P-Value Std. dif.

Valve size 0.73
<_26 mm 282 (63.9) 56 (66)
>26 mm 160 (36.1) 29 (34) -0.04

Valve type 0.62
Sapien 3 260 (58.6) 50 (58.4)
Evolut R/PRO 163 (36.9) 35 (41.6)
Symetis Acurate 13 (2.9) 0
Portico 6 (1.4) 0
Allegra 0 0
Direct flow 0 0

Sheath size 0.59
14 F 360 (81.5) 69 (81.6)
16 F 62 (14) 11 (12.6)
18 F 12 (2.7) 5 (5.8)
20 F 8 (1.8) 0 (0)

Mean size, F 14.5 (1.2) 14.5 (1.1) 0.99 0.01
Vascular closure technique for TF-TAVR (n = 442) NA NA

Prostar 128 (29)
2 ProGlide 300 (67.9)
1 ProGlide 12 (2.7)
Manta 2 (0.4)

Categorical data are expressed as n (%) with the n rounded up to the closes whole number.
IPW: inverse probability of treatment weight; NA: not applicable; TAVR: transcatheter aortic valve replacement; TC: transcarotid; TF: transfemoral.
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results of the inverse probability of treatment weighted logistic
regression. Primary and secondary end points for the overall
population are shown in Supplementary Material, Table S2. In
the IPW-adjusted cohort, the rate of any vascular complication
was lower in the TC-TAVR group (3.5% vs 12%, OR: 0.26, 95%CI
0.07-0.95, P = 0.037), with a numerically reduction in the inci-
dence of major vascular complications not reaching statistical
significance (1.2% vs 4.5%, OR: 0.29, 95% CI: 0.06–1.38,
P = 0.15). The lower rate of any vascular complication for the
TCTAVR group remained after further adjustment by covari-
ates with standardized mean differences > 0.1 despite IPW
(OR: 0.27, 95%CI 0.07-0.99, P=0.05). There were no statistically
significant differences between groups in the composite of
life-threatening or major bleeding (3.8% TF-TAVR vs 2.8% TC-
TAVR, P = 0.63), in-hospital mortality (1.5% TF- vs 2.8% TC-
TAVR, P = 0.53) and stroke (0.4% TF- vs 1.2% TC-TAVR, P = 0.36;
Graphic Abstract). The causes underlying vascular complica-
tions for both groups are detailed in Supplementary Material,
Table S3. No cases of wound infection were observed among
TC-TAVR recipients.

DISCUSSION

To the best of our knowledge, this is the first report of a multi-
centre PS-matched comparison between TC and TF arterial
accesses for TAVR in obese patients with a BMI of >35kg/m2. The
main findings of our study may be summarized as follows: (i) in
obese patients with severe aortic stenosis undergoing TAVR, the
TC (versus TF) approach was associated with a lower incidence of
vascular complications, and this finding was maintained after PS
adjustment for baseline characteristics, valve type and sheath
size, and (ii) TC-TAVR exhibited no significant differences com-
pared to TF-TAVR regarding in-hospital mortality, major bleeding
events and stroke, although there was a numerically higher rate
of stroke in the TC group.

Stroke has been one of the most dreaded complications since
the beginning of the TAVR era, and its incidence has remained
rather constant over time [15]. Concern was raised about the fea-
sibility and safety of TC-TAVR in relation to periprocedural cere-
bral ischaemic events. However, the stroke rate in TC-TAVR
recipients has been reported to be <3% in previous series

Table 4: In-hospital clinical outcomes for the propensity score-matched population

IPW-adjusted population

TF (n = 442) TC (n = 85) P-Value ORa (95% CI)

Any vascular complication 53 (12) 3 (3.5) 0.037 0.26 (0.07–0.95)
Major vascular 20 (4.5) 1 (1.2) 0.15 0.29 (0.06–1.38)
Minor vascular 35 (7.9) 2 (2.4) 0.15 0.26 (0.04–1.64)

Life-threatening/major bleeding 17 (3.8) 2 (2.8) 0.63 0.70 (0.17–2.96)
Life-threatening bleeding 7 (1.6) 1 (1.2) 0.51 0.58 (0.12–2.88)
Major bleeding 11 (2.5) 2 (1.9) 0.73 0.73 (0.10–5.28)

All-cause mortality 6 (1.5) 2 (2.8) 0.53 1.78 (0.30–10.7)
Stroke 2 (0.4) 1 (1.2) 0.36 3.13 (0.43–23)
New permanent pacemaker 53 (12) 5 (5.3) 0.10 0.40 (0.13–1.19)
New-onset atrial fibrillation 31 (7) 3 (3.5) 0.21 0.47 (0.17–1.31)
Conversion to SAVR 0 0 NA NA
Device success 414 (93.7) 80 (94.1) 0.98 0.98 (0.88–1.09)

Categorical data are expressed as n (%) with the n rounded up to the closes whole number.
aInverse probability weighted logistic regression.
IPW: inverse probability of treatment weight; NA: not applicable; SAVR: surgical aortic valve replacement; TC: transcarotid; TF: transfemoral.

Figure 1: Features associated with transfemoral (A and B) and transcarotid (C) access. (A) Computed tomography image displaying an axial plane at the level of the
right femoral artery in a normo-weight patient with a body mass index of 25.3 kg/m2. The distance between the skin and the anterior wall of the femoral artery was
21 mm (double-head red arrow) and no abdominal adipose panicle was observed. (B) Computed tomography image displaying an axial plane at the level of the right
femoral artery in a morbid obese patient with a body mass index of 42.5 kg/m2. The distance between the skin and the anterior wall of the femoral artery was substan-
tial (49 mm, double-head red arrow), and a huge abdominal adipose panicle was observed. (C) Computed tomography axial plane of the left common carotid artery,
demonstrating its superficial location. BMI: body mass index; TC: transcarotid; TF: transfemoral.
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including both obese and normal-weight patients, with no signif-
icant differences when compared to the default TF access [12].
Our analysis showed that similar results were observed in an
obese population, with stroke rates ranging between 2.4% and
1.2% for the overall and IPW-adjusted cohorts, respectively. Of
note, the TC-TAVR group was highly selected from an anatomical
standpoint, as normal flow and absence of significant carotid ste-
nosis was demonstrated for every patient before TAVR by means
of CT angiography and Doppler vascular sonography. Although
there were not statistically significant differences between groups,
our sample size was underpowered for detecting such differences
in terms of relatively infrequent complications like stroke. In ad-
dition, a recent meta-analysis has suggested that, according to
the pooled data, the TC approach may be linked to a higher rate
of stroke events compared to the TF route [16]. Therefore, we
should be cautious when interpreting our findings. Finally, it
should be noted that the potential benefit of embolic protection
devices was not assessed in our study.

The use of large bore catheters has been associated with high
rates of vascular complications in TAVR recipients, and the reduc-
tion of the size of new-generation THV systems has translated into
a significant decrease in such complications [17, 18]. In previous
series of obese patients who underwent TAVR mainly by a TF
route the rate of procedural-related vascular complications ranged
between 10% and 16% [19–21], which was similar to the incidence
observed in our study (12%). On the other hand, for patients with
unsuitable TF access, the TC approach has been associated with a
lower rate of major vascular complications when compared to
transapical or transaortic access routes [10]. Our study is the first
to suggest that, in obese patients without baseline unbalanced po-
tential confounders, the TC access determined a lower risk of acute
vascular complications. These results may be partly related to the
intrinsic difficulty in managing and adequately positioning the per-
cutaneous closure devices in patients exhibiting a large amount of
fatty tissue (Fig. 1). In severely obese patients, the puncture site lies
way deeper under the superficial skin than in patients with a nor-
mal phenotype, likely preventing a proper puncture of the anterior
femoral artery wall in a high proportion of cases. In addition, the
angulation of the gauge is not easy to determine in severely obese
patients compared to non-obese patients. Finally, optimal manual
compression of the femoral access proximal to the puncture site is
more challenging and less frequently achieved in obese patients,
hence impeding an adequate control of the access site during
catheter and sheath exchanges. On the contrary, the TC access is
more superficial and lies closer to the skin, ultimately facilitating
the aforementioned manoeuvres (Fig. 1). It must be outlined that,
even if the ProGlide system was the most frequently used for vas-
cular closure in TF-TAVR patients, the use of the Prostar device
was also important (>30%), and this device has been previously as-
sociated with poorer outcomes in terms of bleeding and vascular
complications when compared to ProGlide [22].

There were no differences in major/life-threatening bleeding
between TF and TC patients in our study, neither for the overall
cohort nor for the PS-matched population. This fact implies that
a substantial number of the observed vascular complications
were either of ischaemic nature (e.g. artery dissection, acute
thrombosis) or iatrogenic structural abnormalities involving the
arterial wall (e.g. pseudoaneurysm) (Supplementary Material,
Table S2). The overall relatively low rate in major bleeding events
in the TC subgroup (�4%), which was similar than that observed
in all-comers TC-TAVR series [12], highlights the feasibility and
safety of this approach for severely obese patients. Early mortality

rates were similar between groups, both overall and after adjust-
ment. Nonetheless, given the low expected mortality in current
TAVR series for patients with low and intermediate surgical risk,
our study was statistically underpowered for this specific end
point. Larger series are warranted to assess the role that the main
vascular access plays in mortality among obese TAVR patients.

Finally, it should be outlined that other TAVR vascular
approaches not evaluated in our investigation (i.e. subclavian ac-
cess) may be perfectly suitable for obese patients. The subclavian
access has demonstrated better outcomes than the more invasive
transaortic and transapical routes [11, 12] and, when compared
to the TC access, has yielded similar early rates for mortality,
stroke and major complications in an overall TAVR population
[23]. Besides, transsubclavian has been the most widely used al-
ternative approach in the TVT registry for unsuitable TF cases
[24]. In the concrete setting of obese TAVR receivers, there is a
paucity of data and future studies are awaited. However, as for
the TC route, transsubclavian TAVR may overcome most of the
pitfalls associated with TF-TAVR in severe obese patients. Future
studies are needed to assess long-term outcomes in the obese
population.

Limitations

This was an observational study with its inherent bias. TC-TAVR
patients were derived exclusively from 3 tertiary centres with
great experience with this approach and, consequently, these
results may not be extrapolated to other centres or health sys-
tems. In addition, no information regarding alternative TAVR
accesses beyond the TF approach was available for centres not
performing TC-TAVR. The study was underpowered for certain
end points (stroke and early mortality) derived from the available
sample size, and some important clinical end points like
anaesthesia-related complications and acute kidney injury were
not assessed. Some variables potentially impacting outcomes
(e.g. frailty status) were not recorded. However, the most impor-
tant cardiovascular comorbidities and potential confounders
were included in the PS analysis, and the quality of the matching
enabled a well-balanced comparison.

CONCLUSION

In patients with severe obesity undergoing TAVR with newer-
generation devices, the TF approach was associated with a higher
rate of vascular complications compared to the TC access, with-
out statistically significant differences in early mortality and
stroke rates between groups.

SUPPLEMENTARY MATERIAL

Supplementary material is available at ICVTS online.

ACKNOWLEDGEMENTS

Dr Alberto Alperi was supported by a research grant from the
Fundación Alfonso Martı́n Escudero (Madrid, Spain). Dr Josep
Rodés-Cabau holds the research chair ‘Fondation Famille
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view & editing. Viçent Serra: Data curation; Validation; Writing—review & edit-
ing. Maciej Dabrowski: Data curation; Validation; Writing—review & editing.
Ramzi Abi-Akar: Data curation; Validation; Writing—review & editing. Natalia
Giraldo Echavarria: Data curation; Validation; Writing—review & editing.
Roberto Valvo: Data curation; Validation; Writing—review & editing. Javier
Lopez-Pais: Data curation; Validation; Writing—review & editing. Anthony
Matta: Data curation; Validation; Writing—review & editing. Mobeena Arif: Data
curation; Validation; Writing—review & editing. Federico Moccetti: Data cura-
tion; Validation; Writing—review & editing. Miriam Compagnone: Data curation;
Validation; Writing—review & editing. Siamak Mohammadi: Data curation;
Validation; Writing—review & editing. Luis Nombela-Franco: Data curation;
Validation; Writing—review & editing. Josep Rodés-Cabau: Data curation;
Validation; Writing—review & editing.

Reviewer information

Interactive CardioVascular and Thoracic Surgery thanks Martin Andreas, Kanat
Ozisik, Roman Gottardi and the other, anonymous reviewer(s) for their contribu-
tion to the peer review process of this article.

REFERENCES

[1] Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG et al.
Transcatheter versus surgical aortic-valve replacement in high-risk
patients. N Engl J Med 2011;364:2187–98.

[2] Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Søndergaard L,
Mumtaz M et al.; SURTAVI Investigators. Surgical or transcatheter aortic-
valve replacement in intermediate-risk patients. N Engl J Med 2017;376:
1321–31.

[3] Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M et al.
Transcatheter aortic-valve replacement with a balloon-expandable valve
in low-risk patients. N Engl J Med 2019;380:1695–705.

[4] Hruby A, Hu FB. The epidemiology of obesity: a big picture.
Pharmacoeconomics 2015;33:673–89.

[5] Wharton S, Lau DCW, Vallis M, Sharma AM, Biertho L, Campbell-Scherer D
et al. Obesity in adults: a clinical practice guideline. CMAJ 2020;192:E875–91.

[6] Sharma A, Lavie CJ, Elmariah S, Borer JS, Sharma SK, Vemulapalli S et al.
Relationship of body mass index with outcomes after transcatheter aor-
tic valve replacement: results from the national cardiovascular data-STS/
ACC TVT registry. Mayo Clin Proc 2020;95:57–68.

[7] Ando T, Akintoye E, Trehan N, Telila T, Briasoulis A, Takagi H et al.
Comparison of in-hospital outcomes of transcatheter aortic valve

implantation versus surgical aortic valve replacement in obese (body
mass index >_ 30 Kg/m2) patients. Am J Cardiol 2017;120:1858–62.

[8] Cox N, Resnic FS, Popma JJ, Simon DI, Eisenhauer AC, Rogers C.
Comparison of the risk of vascular complications associated with femo-
ral and radial access coronary catheterization procedures in obese ver-
sus nonobese patients. Am J Cardiol 2004;94:1174–7.

[9] Byrne J, Spence MS, Fretz E, Mildenberger R, Chase A, Berry B et al.
Body mass index, periprocedural bleeding, and outcome following per-
cutaneous coronary intervention (from the British Columbia Cardiac
Registry). Am J Cardiol 2009;103:507–11.

[10] Chamandi C, Abi-Akar R, Rodés-Cabau J, Blanchard D, Dumont E,
Spaulding C et al. Transcarotid compared with other alternative access
routes for transcatheter aortic valve replacement. Circ Cardiovasc Interv
2018;11:1–9.

[11] Junquera L, Kalavrouziotis D, Côté M, Dumont E, Paradis JM,
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