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ABSTRACT
OBJECTIVES The aim of this study was to compare outcomes among transfemoral (TF), transaortic (TAo), and transapical (TA) transcatheter aortic valve replacement (TAVR).
BACKGROUND Very few studies have investigated the differences among TF, TAo, and TA TAVR in terms of safety
and feasibility.
METHODS Between January 2011 and December 2014, 467 consecutive cases of TF TAVR, 289 cases of TAo TAVR, and
42 cases of TA TAVR were analyzed. Baseline characteristics, procedural characteristics, and outcomes were
compared between TF and TAo and between TAo and TA approaches.
RESULTS Balloon-expandable prostheses were used in 320 cases of TF TAVR (69%), 209 cases of TAo TAVR (72%), and
all cases of TA TAVR. The remaining cases were performed using self-expandable prostheses. Patient age and Society of
Thoracic Surgeons score were similar (83.8 years vs. 83.7 years vs. 81.3 years and 6.2% vs. 5.8% vs. 7.1%) among all
groups. Although nonsigniﬁcant, a trend toward lower 30-day mortality (5% vs. 9%; p ¼ 0.057) was observed with TF
TAVR compared with TAo TAVR. Kaplan-Meier analysis revealed a trend toward a higher 1-year survival rate (log-rank
p ¼ 0.067) with TF TAVR compared with TAo TAVR. There was no signiﬁcant difference in 30-day mortality between TAo
and TA TAVR (9% vs. 14%; p ¼ 0.283). Kaplan-Meier analysis revealed a trend toward a higher 1-year survival rate
(log-rank p ¼ 0.154) with TAo TAVR compared with TA TAVR.
CONCLUSIONS Although the 30-day mortality and 1-year survival rates were similar between TF and TAo TAVR
patients, a trend in favor of the TF approach was observed. In addition, the TAo approach can be considered as an
alternative to the TA approach when the TF approach seems unsuitable. (J Am Coll Cardiol Intv 2016;9:2320–5)
© 2016 by the American College of Cardiology Foundation.
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(TAVR) has gained widespread acceptance

Written informed consent was obtained from

as a treatment option for patients with se-

all patients.

vere symptomatic aortic stenosis who are considered
at high risk for surgical aortic valve replacement (1–5).
Although the transfemoral (TF) approach is recommended as the default approach in many countries,
other routes should be considered when the common
femoral artery is too small or excessively diseased
and especially when it is severely calciﬁed or
tortuous. The transapical (TA) approach is used as
an alternative route when the TF approach is considered unsafe. However, the TA approach has been

VASCULAR ACCESS AND VALVE SELECTION.

ABBREVIATIONS
AND ACRONYMS
TA = transapical
TAo = transaortic

Patients were selected to undergo TAVR via

TAVR = transcatheter aortic

the TF approach or alternative approaches

valve replacement

depending on the size, calciﬁcation, and tor-

TF = transfemoral

tuosity of the iliofemoral arterial access. The
type and size of the valve prosthesis were selected
according to the diameter and shape of the aortic
annulus as well as the aortic root characteristics and
operator preference.

reported to be associated with various issues,

PROCEDURE AND POST-PROCEDURAL CARE. The

including myocardial damage, bleeding complica-

technical aspects of the TF approach have been

tions, and slower recovery, especially in patients

described in detail in previous reports (11,12). Almost

with chronic pulmonary disease (6–8). The recently

all TF TAVR cases were performed under conscious

developed transaortic (TAo) approach has been re-

sedation with local anesthesia. Furthermore, the

ported to be a feasible and safe alternative route to

closure of the femoral artery was performed using

the TA approach (9,10). Although comparative ana-

closure devices (13). The procedural techniques of the

lyses of the TF versus the TA approach have been

TAo approach have also been reported elsewhere (14).

the subject of several studies, only limited data are

A straight short manubriotomy down to the second

available regarding direct comparisons of TF and

intercostal space was used through a 5-cm skin inci-

TAo TAVR and of TAo and TA TAVR. The purpose of

sion. TA TAVR was performed in a standard fashion,

this study was, consequently, to compare feasibility

as described previously (15).

and safety between TF and TAo TAVR and between
TAo and TA TAVR.

Aspirin (75 to 160 mg/day) was recommended prior
to TAVR. Clopidogrel was also recommended before

SEE PAGE 2326

METHODS

the procedure. A bolus of heparin (100 IU/kg) was
administered at the start of the procedure to achieve
an activated clotting time of 250 to 300 s, and
the activated clotting time was measured every

STUDY DESIGN. From October 2006, all consecutive

30 min thereafter.

high-risk patients with severe symptomatic aortic

All patients were observed in the intensive care

stenosis treated with TAVR were prospectively

unit for at least 24 h after Edwards valve implantation

included in our dedicated TAVR database. Patients

(Edwards Lifesciences, Irvine, California) or 72 h after

with severe aortic stenosis were considered candi-

CoreValve implantation (patients without previous

dates for TAVR if they were deemed ineligible or at

pacemaker) (Medtronic, Minneapolis, Minnesota).

high risk for surgical aortic valve replacement. The

Aspirin was continued indeﬁnitely and clopidogrel

decision to proceed with TAVR was made by a dedi-

for a period of 1 to 6 months. Patients on warfarin

cated heart team composed of experienced clinical

therapy received only single-antiplatelet treatment

and interventional cardiologists, cardiovascular sur-

after the procedure, usually aspirin.

geons, and anesthesiologists. The TAo approach was
ﬁrst used at our center in 2010. However, we decided
to retrospectively review patients treated via the TAo
approach since January 2011 to exclude the learning
period from the analysis. Between January 2011 and

ENDPOINTS. The main endpoints of this study were

30-day mortality and 1-year survival. All complications were deﬁned according to the Valve Academic
Research Consortium 2 criteria (16).

December 2014, a total of 816 patients underwent

STATISTICAL ANALYSIS. All statistical analyses were

TAVR using balloon-expandable or self-expandable

performed using SPSS version 21.0 (SPSS, Chicago,

prostheses, 467 via the TF approach, 289 via the

Illinois). Continuous variables are expressed as

TAo approach, and 42 via the TA approach. The other

mean  SD or with the corresponding interquartile

route was subclavian in 18 cases. The TA and sub-

range. Normality of distribution was tested using

clavian approaches were selected when the TF

the Shapiro-Wilk test. Dichotomous variables are

approach proved difﬁcult because of access issues

expressed as counts and percentages. Comparisons of

and when the TAo approach was hampered by the

continuous variables with normal distributions were
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T A B L E 1 Baseline Clinical Characteristics Stratiﬁed by Approach

TF
(n ¼ 467)

TAo
(n ¼ 289)

TA
(n ¼ 42)

p Value,
TF vs. TAo

p Value,
TAo vs. TA

83.8  7.1

83.7  5.6

81.3  7.7

0.861

0.066

234 (50)

146 (51)

30 (71)

0.912

0.011

BMI (kg/m2)

26.3  4.9

26.6  5.1

25.3  4.1

0.447

0.119

BSA (m2)

1.74  0.20

1.74  0.24

1.69  0.42

0.890

0.222
0.966

Baseline characteristics
Age (yrs)
Male

NYHA class III/IV

422 (90)

247 (86)

36 (86)

0.040

Peripheral artery disease

49 (11)

92 (32)

15 (36)

<0.001

0.615

Prior CABG

39 (8)

14 (5)

17 (41)

0.065

<0.001

Prior MI

15 (3)

17 (6)

2 (5)

0.077

0.557

Prior stroke

13 (3)

16 (6)

2 (5)

0.056

0.594

Diabetes

103 (22)

63 (22)

11 (26)

0.922

0.523

Hypertension

320 (69)

189 (65)

27 (64)

0.373

0.888

Atrial ﬁbrillation

132 (28)

60 (21)

18 (43)

0.021

0.002

COPD

59 (13)

38 (13)

8 (19)

0.837

0.302

Creatinine clearance

57.0  23.1

60.3  25.5

63.2  32.5

0.069

0.528

Logistic EuroSCORE (%)

15.9  10.8

16.9  11.0

22.7  15.7

0.272

0.033

6.2  3.9

5.8  3.3

7.1  4.2

0.192

0.081
0.451

STS score (%)
Echocardiographic data
LVEF (%)

51.6  14.6

54.7  13.8

52.9  13.7

0.006

Mean gradient (mm Hg)

48.8  16.5

46.1  14.9

40.8  11.7

0.039

0.038

PAP (mm Hg)

47.4  13.6

44.5  12.1

43.6  11.5

0.009

0.660

AR (more than mild)
Mean diameter of annulus by CT

67 (14)

33 (11)

5 (12)

0.248

0.546

23.7  2.2

23.8  2.1

24.3  1.8

0.481

0.296

Values are mean  SD or n (%).
AR ¼ aortic regurgitation; BMI ¼ body mass index; BSA ¼ body surface area; CABG ¼ coronary artery bypass grafting; COPD ¼ chronic obstructive pulmonary disease;
CT ¼ computed tomography; EuroSCORE ¼ European System for Cardiac Operative Risk Evaluation; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction;
NYHA ¼ New York Heart Association; PAP ¼ pulmonary artery pressure; STS ¼ Society of Thoracic Surgeons; TA ¼ transapical; TAo ¼ transaortic; TF ¼ transfemoral.

performed using 1-way analysis of variance with Tukey

pressure gradients, and higher pulmonary artery

multiple-comparison tests, and categorical variables

pressures compared with those in the TAo group.

were analyzed using the chi-square test with Bonfer-

The main procedural and post-procedural characTable

2.

roni adjustment. Survival analyses were performed

teristics

using Kaplan-Meier analysis. A p value <0.05 was

expandable prostheses were used in 320 cases of TF

considered to indicate statistical signiﬁcance.

TAVR (69%), 209 cases of TAo TAVR (72%), and all

are

summarized

in

Balloon-

cases of TA TAVR. The remaining cases were per-

RESULTS

formed using self-expandable prostheses. Procedural
success (95% vs. 95% vs. 95%; p ¼ 0.966 for TF vs.

BASELINE PROCEDURAL AND POST-PROCEDURAL

TAo; p ¼ 0.660 for TAo vs. TA) was similar, as was the

CHARACTERISTICS

rate of major stroke (2% vs. 2% vs. 5%; p ¼ 0.585 for

STRATIFIED

BY

APPROACH.

The main characteristics of the 3 groups are summa-

TF vs. TAo; p ¼ 0.231 for TAo vs. TA). On the contrary,

rized in Table 1. Patient age (83.8 years vs. 83.7 years

the rate of acute kidney injury was signiﬁcantly

vs. 81.3 years; p ¼ 0.861 for TF vs. TAo; p ¼ 0.066 for

different among the 3 groups (5% vs. 13% vs. 31%;

TAo vs. TA) and Society of Thoracic Surgeons score

p < 0.001 for TF vs. TAo; p ¼ 0.003 for TAo vs. TA)

(6.2% vs. 5.8% vs. 7.1%; p ¼ 0.192 for TF vs. TAo;

Although nonsigniﬁcant, a trend toward lower 30-day

p ¼ 0.081 for TAo vs. TA) were similar. There were

mortality (5% vs. 9%; p ¼ 0.057) was observed with TF

more patients with peripheral disease in the TAo and

TAVR compared with TAo TAVR. There was no sig-

TA groups. Patients in the TF and TA groups had a

niﬁcant difference in 30-day mortality between TAo

higher rate of atrial ﬁbrillation compared with those in

and TA TAVR (9% vs. 14%; p ¼ 0.283).

the TAo group. Logistic European System for Cardiac
Operative Risk Evaluation scores were signiﬁcantly

1-YEAR SURVIVAL IN RELATION TO THE APPROACH

higher in the TA group compared with the TAo group.

USED. The median follow-up period of this cohort

Regarding echocardiographic ﬁndings, patients in the

was 199 days (interquartile range: 39 to 347 days). The

TF group had lower ejection fractions, higher mean

cumulative survival rate of all patients was calculated
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using the Kaplan-Meier method and compared using
the log-rank test (Figure 1). Although nonsigniﬁcant,

T A B L E 2 Procedural and Post-Procedural Characteristics Stratiﬁed by Approach

TF
(n ¼ 467)

TAo
(n ¼ 289)

TA
(n ¼ 42)

Balloon-expandable valve

320 (69)

209 (72)

42 (100)

Self-expandable valve

147 (31)

80 (28)

0 (0)

437 (95)

270 (95)

7 (2)

6 (2)

21 (5)

38 (13)

13 (31)

the cumulative 1-year survival rate tended to be
higher in the TF group compared with the TAo group
(log-rank p ¼ 0.067). Similarly, although nonsigniﬁcant, the cumulative 1-year survival rate tended to be
higher in the TAo group compared with the TA group
(log-rank p ¼ 0.154).

p Value,
TF vs. TAo

p Value,
TAo vs. TA

Procedural variables
0.289

<0.001

40 (95)

0.966

0.660

2 (5)

0.585

Valve type

Post-procedural variables
Procedural success
Major stroke

DISCUSSION

AKI
AKI (grade 3)

To the best of our knowledge, we report here the
results of the ﬁrst comparison between the TF and

<0.001

0.231
0.003

2 (1)

5 (2)

1 (2)

0.079

Life-threatening bleeding

12 (3)

17 (6)

3 (7)

0.021

0.561
0.479

Annular rupture

10 (2)

4 (1)

0 (0)

0.584

0.580

Pacemaker implantation

72 (16)

29 (10)

3 (7)

0.032

0.408

TAo approaches in TAVR. In this study, we observed

PVL $ grade 2

51 (12)

20 (7)

2 (5)

0.071

0.424

similar outcomes in TF and TAo TAVR patients, with a

30-day mortality

26 (5)

27 (9)

6 (14)

0.057

0.283

trend in favor of the TF approach. In addition, our
ﬁndings conﬁrmed that the TAo approach tended to
be associated with better outcomes compared with

Values are n (%).
AKI ¼ acute kidney injury; PVL ¼ paravalvular aortic leak; other abbreviations as in Table 1.

the TA approach.
Until recently, the TA approach has been selected
mainly as an alternative route when the TF approach

(Placement of Aortic Transcatheter Valves) trial. After

is not suitable. However, because of its feasibility and

propensity matching, 501 patients were compared in

given the simplicity of the procedure, the TAo

each group. Adverse procedural events, early mor-

approach has become increasingly used as a preferred

tality, and prolonged recovery were more frequent in

approach among non-TF patients (9,10). Reports

patients treated via the TA approach compared with

comparing the TA and TAo approaches have already

the TF approach.

been published. Lardizabal et al. (17) reported the
results of a comparison between the TA (n ¼ 76) and
TAo (n ¼ 44) approaches. After propensity matching,

F I G U R E 1 Survival Curves Stratiﬁed by Approach

25 patients were compared in each group. There were
no signiﬁcant differences in the incidence of complications including stroke, myocardial infarction, and
bleeding events. Although 30-day mortality was not
signiﬁcantly different, 1-year mortality tended to be
lower, and 1-year cardiovascular mortality was
signiﬁcantly lower in the TAo group. O’Sullivan et al.
(18) reported the results of a meta-analysis comparing
the TA (n ¼ 1,543) and TAo (n ¼ 193) approaches and
found no signiﬁcant differences in the incidence of
complications including stroke, pacemaker implantation, and bleeding events. In addition, 30-day
mortality was similar in the 2 groups. The present
study revealed that 30-day mortality tended to be
lower and 1-year survival tended to be higher in the
TAo group. Consequently, selection of the TAo
approach instead of the TA approach as an alternative
route seems a reasonable strategy when the TF
approach is unsuitable or unsafe.

Survival rate was calculated using Kaplan-Meier methods and compared using the log-rank

Several studies have also been carried out to
compare

the

TF

and

TA

approaches

(19,20).

Blackstone et al. (21) reported the results of a comparison between the TF and TA approaches after
propensity matching using data from the PARTNER

test according to the approach. Although nonsigniﬁcant, the cumulative 1-year survival
rate tended to be higher in the transfemoral (TF) group compared with the transaortic
(TAo) group (log-rank p ¼ 0.067). Similarly, although nonsigniﬁcant, the cumulative
1-year survival rate tended to be higher in the TAo group compared with the transapical
(TA) group (log-rank p ¼ 0.154).
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The ﬁndings of our study suggest that the TAo
approach is feasible and safe. The adequate volume of

impact of each individual approach on long-term
outcomes.

procedures performed at our center is 1 of the reasons

Finally, this was a retrospective observational

accounting for the results reported here. The inﬂuence

study conducted at a single center. Further studies

of the volume of cases on the outcomes of TA TAVR has

and multicenter analysis are required to conﬁrm our

been analyzed previously. Kempfert et al. (22) re-

ﬁndings.

ported that the outcomes of TA TAVR were signiﬁcantly improved after the ﬁrst 150 cases. Because the

CONCLUSIONS

number of TAo TAVR procedures included in this
study was in excess of 200, this would appear to be a

Although the 30-day mortality and 1-year survival

guarantee of an appropriate level of experience.

rates were similar in TF and TAo TAVR patients, we

Another reason is the close collaboration between

observed a trend in favor of the TF approach. When

surgeons and other specialists, including interven-

feasible, the TAo approach can be considered as an

tional cardiologists, general cardiologists, and imaging

alternative to the TA approach when the TF approach

specialists. Not only surgical skills but also a sufﬁcient

seems to be unsuitable.

volume of cases and synergy between the experienced
members of the heart team are instrumental in
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conscious sedation and general anesthesia, which did
not show any difference between the outcomes of the
PERSPECTIVES

2 study groups.
In conclusion, it seems reasonable that the TF
approach should still be the primary choice when

WHAT IS KNOWN? The TF approach in TAVR should

anatomically feasible, because of its lesser invasive-

be the primary choice when anatomically feasible.

ness compared with the TAo approach. However, the
TAo approach can be considered as an alternative to

WHAT IS NEW? The TAo approach can be consid-

the TA approach when TF TAVR is unsuitable.

ered as an alternative to the TA approach when TF

STUDY LIMITATIONS. First, the number of cases per-

formed via the TA approach was quite limited compared with the TF and TAo approaches, the surgical
team showing a preference for the TAo approach
compared with the TA approach after implementing it.
Second, the mean follow-up period was 199 days,

TAVR is unsuitable.
WHAT IS NEXT? Further studies with larger cohorts
and long-term follow-up are required to investigate
the impact of each individual approach on long-term
outcomes.

and long-term follow-up is needed to investigate the

REFERENCES
1. Zahn R, Gerckens U, Grube E, et al. Transcatheter aortic valve implantation: ﬁrst results
from a multi-centre real-world registry. Eur
Heart J 2011;32:198–204.
2. Moat NE, Ludman P, de Belder MA, et al.
Long-term outcomes after transcatheter aortic
valve implantation in high-risk patients with
severe aortic stenosis: the U.K. TAVI (United
Kingdom Transcatheter Aortic Valve Implantation) Registry. J Am Coll Cardiol 2011;58:
2130–8.

3. Webb J, Cribier A. Percutaneous transarterial
aortic valve implantation: what do we know? Eur
Heart J 2011;32:140–7.
4. Leon MB, Smith CR, Mack M, et al. Transcatheter aortic-valve implantation for aortic stenosis in patients who cannot undergo surgery.
N Engl J Med 2010;363:1597–607.

6. Bleiziffer S, Ruge H, Mazzitelli D, et al. Survival after
transapical and transfemoral aortic valve implantation:
talking about two different patient populations.
J Thorac Cardiovasc Surg 2009;138:1073–80.
7. Al-Attar N, Ghodbane W, Himbert D, et al. Unexpected complications of transapical aortic valve
implantation. Ann Thorac Surg 2009;88:90–4.

5. Lefevre T, Kappetein AP, Wolner E, et al. One
year follow-up of the multi-centre European
PARTNER transcatheter heart valve study. Eur

8. Wong DR, Ye J, Cheung A, Webb JG, Carere RG,
Lichtenstein SV. Technical considerations to avoid
pitfalls during transapical aortic valve implanta-

Heart J 2011;32:148–57.

tion. J Thorac Cardiovasc Surg 2010;140:196–202.

Arai et al.

JACC: CARDIOVASCULAR INTERVENTIONS VOL. 9, NO. 22, 2016
NOVEMBER 28, 2016:2320–5

9. Bapat V, Khawaja MZ, Attia R, et al. Transaortic
transcatheter aortic valve implantation using
Edwards SAPIEN valve: a novel approach. Catheter
Cardiovasc Interv 2012;79:733–40.
10. Bapat VN, Bruschi G. Transaortic access is the
key to success. EuroIntervention 2013;9 Suppl
S25–32.

Comparison of TF Versus TAo Versus TA TAVR

access in patients with no peripheral vascular option. A single center experience. Eur J Cardiothorac Surg 2013;44:692–700.
15. Walther T, Dewey T, Borger MA, et al. Transapical aortic valve implantation: step by step. Ann
Thorac Surg 2009;87:276–83.
16. Kappetein AP, Head SJ, Genereux P, et al.

11. Webb JG, Pasupati S, Humphries K, et al.
Percutaneous transarterial aortic valve replacement in selected high-risk patients with aortic
stenosis. Circulation 2007;116:755–63.

Updated standardized endpoint deﬁnitions for
transcatheter aortic valve implantation: the Valve
Academic Research Consortium-2 consensus
document. Eur Heart J 2012;33:2403–18.

12. Grube E, Schuler G, Buellesfeld L, et al.
Percutaneous aortic valve replacement for severe
aortic stenosis in high-risk patients using the
second- and current third-generation selfexpanding CoreValve prosthesis: device success

17. Lardizabal JA, Macon CJ, O’Neill BP, et al.
Long-term outcomes associated with the transaortic approach to transcatheter Aortic valve
replacement. Catheter Cardiovasc Interv 2015;85:
1226–30.

and 30-day clinical outcome. J Am Coll Cardiol
2007;50:69–76.

18. O’Sullivan

13. Hayashida K, Lefevre T, Chevalier B, et al.
Transfemoral aortic valve implantation new
criteria to predict vascular complications. J Am
Coll Cardiol Intv 2011;4:851–8.
14. Hayashida K, Romano M, Lefevre T, et al. The
transaortic approach for transcatheter aortic valve
implantation: a valid alternative to the transapical

KE,

Hurley

ET,

Segurado

R,

Sugrue D, Hurley JP. Transaortic TAVI is a valid
alternative to transapical approach. J Card Surg
2015;30:381–90.
19. Panchal HB, Ladia V, Amin P, et al. A metaanalysis of mortality and major adverse cardiovascular and cerebrovascular events in patients
undergoing transfemoral versus transapical
transcatheter aortic valve implantation using

Edwards valve for severe aortic stenosis. Am J
Cardiol 2014;114:1882–90.
20. Schymik G, Wurth A, Bramlage P, et al. Longterm results of transapical versus transfemoral
TAVI in a real world population of 1000 patients
with severe symptomatic aortic stenosis. Circ
Cardiovasc Interv 2015;8:e000761.
21. Blackstone EH, Suri RM, Rajeswaran J, et al.
Propensity-matched comparisons of clinical outcomes after transapical or transfemoral TAVR: a
PARTNER-I trial substudy. Circulation 2015;131:
1989–2000.
22. Kempfert J, Rastan A, Holzhey D, et al. The
learning curve associated with transapical aortic valve
implantation. Ann Cardiothorac Surg 2012;1:165–71.
23. Frohlich GM, Lansky AJ, Webb J, et al. Local
versus general anesthesia for transcatheter aortic
valve implantation (TAVR)—systematic review and
meta-analysis. BMC Med 2014;12:41.

KEY WORDS severe symptomatic aortic
stenosis, transaortic, transapical,
transcatheter aortic valve replacement,
transfemoral

2325

