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Abstract

Aims: We aimed to perform a meta-analysis on transaortic (TAo) transcatheter aortic valve implantation
(TAV]) in order to gain more insight into the safety and efficacy of the approach in addition to the data
available from selected centres with small numbers of patients.

Methods and results: PubMed and EMBASE were searched on 31 August 2016. The search yielded
251 studies, of which 16 with 1,907 patients were included in the meta-analysis. All were observational,
single-arm studies. The rate of conversion to sternotomy was 3.2% (95% CI: 2.3-3.5%; I>=0) among nine
studies. Device success among 10 studies was 91% (95% CI: 86.7-94.0%; I*=25.5). Major vascular compli-
cations occurred at a rate of 3.1% (95% CIL: 1.6-6.0%; I’=60.8). Moderate or severe paravalvular leakage/
aortic valve regurgitation (PVL/AR) was reported to be 6.7% (95% CI: 4.3-10.1%; 1=58.9). Permanent
pacemaker implantation was required in 11.7% (95% CI: 9.2-14.8%; 1>=26.5) of patients. Pooled 30-day
post-TAVI complication rates were 9.9% (95% CI: 8.6-11.3%; I>=0) for mortality, 3.7% (95% CI: 2.4-5.6%;
1?=28.7) for all stroke, and 1.0% for myocardial infarction (95% CI: 0.5-1.7%; I>=0). The Valve Academic
Research Consortium-2 (VARC-2) composite safety endpoint occurred at a pooled rate of 16.7% (95% CI:
10.6-25.3%; 1>=58.7).

Conclusions: In this meta-analysis of observational studies, transaortic TAVI appears to be a safe proce-
dure with low complication rates.
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Abbreviations

AR aortic regurgitation

Cl confidence interval

EuroSCORE  European System for Cardiac Operative Risk
Evaluation

Mi myocardial infarction

MOOSE Meta-analysis Of Observational Studies in
Epidemiology

NYHA New York Heart Association

PVL paravalvular leakage

STS Society of Thoracic Surgeons

TA transapical

TAo transaortic

TAVI transcatheter aortic valve implantation

TF transfemoral

THV transcatheter heart valve

VARC Valve Academic Research Consortium

Introduction

Transcatheter aortic valve implantation (TAVI) for the treatment
of symptomatic severe aortic stenosis is now a well-established
treatment in a selected group of patients'. A transfemoral (TF) first
approach is used in most centres. However, if the iliac and femoral
arteries are not suitable or too small to accommodate sheaths for
valve deployment, an alternative route is advisable. The transapi-
cal (TA) route is often used when TF-TAVI is not feasible, but is
not preferred in patients with left ventricular dysfunction or with
significant frailty. Experience with several additional alternative
routes has been published, including the subclavian, transcarotid,
and transaortic (TAo) approaches.

A number of centres have reported their practice of TAo-TAVI and
have suggested that it offers a safe and efficient alternative access
route®. As a result, it is becoming a more popular approach. However,
data, and therefore the strength of the current evidence, are mostly from
single-centre experiences with small numbers of patients. Therefore,
we performed a meta-analysis in order to gain more insight into the
short-term safety and efficacy results of the TAo-TAVI approach.

Methods

A systematic review of the published data was conducted in
accordance with the guidance and the reporting items specified
in the Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines®.

DATA SOURCE, SEARCH STRATEGY, STUDY SELECTION,
AND DATA EXTRACTION
Relevant studies were identified in the PubMed and EMBASE
databases. A systematic search was performed covering the period
from January 2000 to August 2016, using the following keywords:
direct aortic, transaortic, transcatheter, trans-catheter, aortic valve,
transcatheter aortic valve, trans-catheter aortic valve, TAVI and TAVR.
Two investigators (H. Amrane and S.J. Head) independently
screened the yielded articles, using the following criteria: (i) the
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publication was an original full-length English article in a peer-
reviewed journal; (ii) results were reported for a specific group of
patients that underwent TAo-TAVI; (iii) the group of patients that
underwent TAo-TAVI consisted of >5 patients; and (iv) at least the
endpoint of 30-day mortality was reported.

During initial screening, the titles and abstracts were reviewed.
A second in-depth screening of the full-text articles was per-
formed. In a third screening, the study location and patient inclu-
sion periods were compared to assess whether studies reported
results from the same patient population. Conflicts between
investigators were resolved by discussion. Reference lists from
included studies were checked to ensure that no potentially rele-
vant studies were missed.

From each paper, the following patient baseline characteristics
were extracted: age, gender, New York Heart Association (NYHA)
classification, and mortality risk by European System for Cardiac
Operative Risk Evaluation (EuroSCORE) and Society of Thoracic
Surgeons (STS) score. Procedural characteristics which were
extracted were the use of a hemisternotomy or thoracotomy and
the type of transcatheter heart valve (THV) used. Study character-
istics that were obtained were the use of Valve Academic Research
Consortium-2 (VARC-2) endpoint definitions*, and the year and
country where studies were conducted. The following procedural
endpoints were evaluated: device success, conversion to open sur-
gery, major vascular complications, acute kidney injury (AKI),
bleeding complications, permanent pacemaker implantation, mod-
erate or severe paravalvular leakage (PVL) or aortic regurgitation
(AR). Thirty-day post-TAVI endpoints mortality, stroke and myo-
cardial infarction (MI) were also evaluated, as well as the VARC-2
early safety endpoint.

STATISTICAL ANALYSIS

Random-effects models using the DerSimonian and Laird method
were constructed to estimate the pooled complication rates with
95% confidence intervals (CI), as is advised for observational stud-
ies’. For studies that reported zero events, 0.1 events were used
to calculate an estimated event rate with 95% Cls. Heterogeneity
across studies was explored using the Cochran Q and I? statistics,
where low values correspond to little heterogeneity. Sensitivity
analyses were performed only with studies that reported results
according to VARC-2 definitions, providing a pooled estimate for
VARC-2 endpoints with the transaortic technique. Planned sub-
group analyses were performed according to hemisternotomy ver-
sus thoracotomy and different THV devices, by calculating pooled
complication rates in each subgroup and generating a p-value for
interaction. Only a single study reported results of a thoracotomy
approach separately, which was considered too few for a compari-
son with the hemisternotomy approach. Only one study reported
results of the Direct Flow Medical® device (Direct Flow Medical
Inc., Santa Rosa, CA, USA), which could therefore not be com-
pared to the SAPIEN (Edwards Lifesciences, Irvine, CA, USA)
and CoreValve® (Medtronic, Minneapolis, MN, USA) devices, and
was excluded from the subgroup analysis.
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A p-value <0.05 was considered statistically significant.
Statistical analyses were performed using Comprehensive Meta-
Analysis software Version 3 (Biostat, Inc., Englewood, NJ, USA).

Results

SEARCH RESULTS AND STUDY CHARACTERISTICS

The search yielded 251 potentially relevant studies. After screen-
ing of the abstracts and applying exclusion criteria, 16 stud-
ies were included in the meta-analysis (Figure 1)¢2!. Results of
1,907 patients were reported. All studies were observational, and
all but three were single-centre experiences.

BASELINE AND PROCEDURAL CHARACTERISTICS

Table 1 provides a summary of the patient characteristics. The
population within individual studies generally consisted of patients
with a mean age that ranged from 78.0 to 85.0 years. Gender was
reported in 14 studies and on average 52.6% of patients were
female (range 32-83%). The majority of patients were in NYHA
Class III or IV. EuroSCORE averaged 23.5% and STS score
8.4% with a range of 14.0-32.6% and 5.7-12.2%, respectively. An
Edwards SAPIEN valve was implanted in 1,305 (68%) patients
and a Medtronic CoreValve in 587 (31%) patients. Among stud-
ies that clarified the approach, a hemisternotomy was employed in
82% of the cases (n=382/467) and a thoracotomy in 18% (n=85).

OUTCOMES
Definitions were reported according to VARC-2 criteria in 13 of
the 16 studies (Table 2).

Device success according to VARC-2 among 10 studies was
91.0% (95% CI: 86.7-94.0%; 1’=25.5) (Table 3). In 3.2% (95% CL
2.3-4.5%) a conversion to sternotomy was required (I>=0). Major
vascular complications occurred at a rate of 3.1% (95% CI: 1.6-
6.0%; 1’=60.8). Moderate or severe PVL/AR was reported to be 6.7%
(95% CI: 4.3-10.1%; I’=58.9). The rate of myocardial infarction was
1.0% (95% CI: 0.5-1.7%; I>=0). Permanent pacemaker implantation
was required in 11.7% (95% CIL: 9.2-14.8%; 1>=26.5) of patients.

251 records identified
through database searching

« | Exclusion of 195 irrelevant manuscripts
and non-original contributions

\ 4

56 full-text articles
assessed for eligibility

N=5 overlapping population
> N=7 <5 patients or case reports
N=28 no reported outcome/irrelevant

Y

16 studies were included
inthe pooled analysis

Figure 1. Study flow diagram.

Pooled 30-day complication rates were 9.9% (95% CI: 8.6-
11.3%; 1>=0) for mortality and 3.7% (95% CI: 2.4-5.6%; 1>=28.7) for
all strokes (Table 3, Figure 2). The VARC-2 early safety endpoint
occurred at a pooled rate of 16.7% (95% CI: 10.6-25.3%; 1>=58.7).

A. 30-day mortality
Study name Event rate and 95% CI

Event Lower Upper
Total “ate fimit  limit

Hayashida, 2013’ 7/94 0.074 0.036 0.148 =T

Dahle, 20148 2/30 0.067 0.017 0231 | —%FT—
Amrane, 2014° 3/44 0.068 0.022 0.191 | —=

Spargias, 2014 1/25 0.040 0.006 0235 |——T——

Okuyama, 2015 6/51 0.118 0.054 0.238 —_
Bruschi, 2015 3/50 0.060 0.019 0170 | —=—7F—
Reardon, 2014 39/340 0.115 0.085 0.153 -
Thourani, 2015 4/35 0.114 0.044 0.268

Ribeiro, 2015' 5/45 0.111 0.047 0.241 S o —

Jagielak, 2015 2/32  0.063 0016 0218 | ——"—
Thourani, 20157  89/868 0.103 0.084 0.125
Frohlich, 2015  15/185 0.081 0049 0130 | —=—
Ropponen, 2015 3/36  0.083 0.027 0229 | —st——
Adamo, 20150 4/44 0091 0035 0218 | —e——
Bushnag, 20162 0/15 0.007 0.000 0.771
Random (’=0) 0099 0086 0.113 ¢

B. 30-day stroke
Study name Event rate and 95% Cl

Event Lower Upper
Total “ate limit  limit

Hayashida, 20137  1/94 0.011 0.001 0.072 %——
Amrane, 2014° 1744 0.023 0.003 0.144
Spargias, 2014 0/25 0.004 0.000 0.667
Reardon, 2014 21/340 0.062 0.041 0.093 3
Thourani, 2015*  1/35 0.029 0.004 0.177
Ribeiro, 2015% 2/85 0.044 0011 0.161 |—+———
Thourani, 20157  23/868 0.026 0.018 0.040 ||
Ropponen, 2015  2/36 0.056 0.014 0.197 |~
Adamo, 20152 1/34  0.029 0.004 0.181
Random (I?=28.7) 0.037 0024 0056 | 4

C. 30-day myocardial infarction
Study name Event rate and 95% CI

Event Lower Upper
Total “ate fimit  limit

Hayashida, 2013’ 1/94 0.011 0.001 0.072 -
Amrane, 2014° 0744 0.002 0.000 0.530
Okuyama, 2015"  0/51 0.002 0.000 0.493
Bruschi, 2015 0/50  0.002 0.000 0.498
Reardon, 2014 5/340 0.015 0.006 0.035 F

Thourani, 2015 0/35 0.003 0.000 0.587
Ribeiro, 20155 1/45 0.022 0.003 0.142
Thourani, 20157 3/868 0.003 0.001 0.011

Ropponen, 2015 0/36  0.003 0.000 0.580
Adamo, 20152 1744 0.023 0.003 0.144 %7

Bushnag, 201622 0/15 0.007 0.000 0.771
Random (I?=0) 0.010 0.005 0.017

0.00 0.25

Figure 2. Outcomes. A) 30-day mortality. B) 30-day stroke.
C) 30-day myocardial infarction.
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Table 1. Summary of patient characteristics.
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Patient Data b Tl e LT o Mean | Female LI §
Author, year | Country inclusion Centre(s) collection of Device Euro- STS Approach a0e °/(n)’ v, =
patients SCORE | score g ° % (n) 2
(@]
Clarke, 2013° Australia |2011-2012| Single | Retrospective 13 SAPIEN, n=13| 17.4 - Hemisternotomy 81 - - IS
Hayashida, 2013” | France |2011-2012| Single | Prospective 94 SAPIEN, n=83| 15.1° - Hemisternotomy | 84.1+5.4 | 61% (58) | 87% (82) 5
CoreValve, o
n=11 g
Dahle, 20142 Norway |2009-2013| Single | Retrospective 30 SAPIEN, n=15| 33.0 - Thoracotomy, n=7 80 40% (12) | 100% (30) o
CoreValve, Hemisternotomy, =
n=15 n=21
Combined, n=2
Amrane, 2014° The 2011-2013| Single | Retrospective 44 CoreValve, 25.9 5.8 Hemisternotomy | 77.9+6.3 | 39% (17) | 100% (44)
Netherlands n=44
Spargias, 20141 Greece - Single | Retrospective 25 SAPIEN, n=10{ 25 5.7 Thoracotomy, n=5 | 78«8 | 32% (8) -
CoreValve, Hemisternotomy,
n=15 n=20
Okuyama, 2015 USA 2013-2014| Single | Retrospective 51 SAPIEN, n=51 - 8.1 Thoracotomy, n=22 84 61% (31) | 92% (47)

Hemisternotomy,

n=29
Bruschi, 2015 ltaly 2008-2013| Single | Prospective 50 CoreValve, 14.02 12.2 Thoracotomy | 81.2+6.9 | 56% (28) | 86% (43)
n=50
Reardon, 2015 USA  |2011-2012| Multi | Prospective 340 CoreValve, = —  [Thoracotomy, n=N/A| ~ — = =
n=340 Hemisternotomy,
n=N/A
Thourani, 2015* USA 2007-2013| Single | Retrospective 35 SAPIEN, n=35 - 115 Hemisternotomy | 83.8+8.3 | 83% (29) | 91% (29)
Ribeiro, 2015% Canada |2011-2014| Single | Prospective 45 SAPIEN, n=44 - 7.0  [Thoracotomy, n=N/A| 81.0+7.0 | 65% (29) | 62% (28)
CoreValve, Hemisternotomy,
n=1 n=N/A
Jagielak, 2015% Poland |2013-2014| Single | Prospective 32 [SAPIEN, n=32 = 8.7 Hemisternotomy | 80.9+5.2 | 53% (17) | 78% (25)
Thourani, 2015" USA 2011-2014| Multi Prospective 868 SAPIEN, - 8.8  |Thoracotomy, n=N/A| 82.8+6.8 | 69% (594) -
n=868 Hemisternotomy,
n=N/A
Frohlich, 2015 UK 2007-2012| Multi | Retrospective 185 SAPIEN, 21.2 - Thoracotomy, n=N/A|  84.0 | 51% (95) -
n=118 Hemisternotomy,
CoreValve, n=N/A
n=67
Ropponen, 2015 |  Finland |2008-2014| Single | Prospective 36 SAPIEN, n=36| 32.6 - Hemisternotomy | 81.7+7.1 | 53% (19) | 97% (35)

Adamo, 20152 ltaly 2007-2014| Single | Prospective 44 CoreValve, 27.0 8.6 Hemisternotomy, | 83.0+6.0 | 39% (17) | 79% (35)
n=44 n=44

Bushnag, 2016 | Germany |2014-2015| Single | Retrospective 15 Direct Flow, | 23.4 1.8 Thoracotomy, n=1 | 79.1£6.7 | 34% (5) | 87% (13)
n=15 Hemisternotomy,

n=14

2 EuroSCORE 1, has not been included in the calculation of the pooled mean EuroSCORE; ® median. N/A: not available; NYHA: New York Heart Association: STS: Society of Thoracic
Surgeons

SENSITIVITY ANALYSES

Analyses of the 13 studies that used VARC-2 endpoint defini-
tions showed rates similar to the overall analyses for device suc-
cess (91.0%, 95% CI: 86.7-94.0%; I*=25.5), conversion (3.2%,
95% CI: 2.3-4.4%; 1*=0), major vascular complications (3.1%,
95% CI: 1.4-6.8%; I’=67.5), moderate or severe PVL/AR (7.1%,
95% CI: 4.2-11.7%; 1*=66.8), myocardial infarction (1.0%, 95%
CI: 0.5-1.7%; 1>=0), pacemaker implantation (14.0%, 95% CI:
11.5-17.0%; 1>=3.5), mortality (10.1%, 95% CIL: 8.7-11.7%; 1>=0),
stroke (3.7%, 95% CI: 2.4-5.7%; 1’=34.5), and the 30-day early
safety endpoint (16.7%, 95% CI: 10.6-25.3%; I’=58.7).

SUBGROUP ANALYSES

There were four studies that looked exclusively at outcomes with the
CoreValve device (n=478), and seven studies in which the SAPIEN
valve was used (n=1,080). No differences between SAPIEN and
CoreValve devices existed in terms of VARC-2 device success (90.1%
[95% CI: 78.6-95.7%] versus 91.0% [81.9-95.8%], respectively;
p=0.86), major vascular complications (1.2% [95% CI: 0.1-14.8%)]
versus 3.2% [1.9-5.4%)], respectively; p=0.48), moderate/severe PVL/
AR (6.7% [95% CI: 3.2-13.6%] versus 5.7% [2.7-11.4%)], respec-
tively; p=0.74), myocardial infarction (0.5% [95% CI: 0.2-1.3%] ver-
sus 1.5% [0.7-3.2%)], respectively; p=0.09), pacemaker implantation
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Table 2. Results from individual studies.

Conver- Major Pace- VARC-2
. . . 30-day Moderate
Endpoint | Device sionto | 30-day .| vascular . maker early
Author L . myocardial . Bleeding . or severe
definitions| success open | mortality infarction complica- implanta- PVL/AR safety
surgery tion tion endpoint
Clarke, 2013 not VARC = —  |0in-hospital|0 in-hospital = 0 0 1(8%) 1(8%) =
Hayashida, 2013’ VARC 93% (87/94) | 5(5%) 7(7%) 1(1%) 1(1%) 7(7%) Transfusion >4 units: 6 (7%) 7(7%) | 15(16%)
12 (13%)
Dahle, 20142 VARC 97% (29/30) | 2(71%) 2(7%) |0 in-hospital - 2(7%) | Major bleeding: 3 (10%) | 5(17%) | 6(20%) -
Amrane, 2014° VARC 89% (39/44) | 2 (5%) 3(7%) 1(2%) 0 0 Life-threatening bleeding:| 5 (11%) 2 (5%) 4(9%)
1(2%)
Spargias, 20141 | not VARC |100% (25/25)| 1 (4%) 1 (4%) 0 - - Major bleeding events: | 3 (12%) 1 (4%) -
12 (48%)
Okuyama, 2015" VARC | 86% (44/51) | 1(2%) | 6(12%) 2 (4%) 0 0 - - 4(8%) | 16(31%)
stroke/TIA
Bruschi, 2015 VARC 98% (49/50) - 3(6%) 1(2%) 0 2 (4%) |Life-threatening or major:| 7 (16%) 4 (8%) 8(16%)
stroke/TIA 3(6%)
Reardon, 2015% VARC - - 39(11%) | 21(6%) 5(1%) 11 (3%) Life-threatening: 58 (17%) = =
101 (30%)
Major: 123 (36%)
Thourani, 2015 VARC - - 4(11%) 1(3%) 0 - Reoperation for bleeding: - 1(3%) -
2 (6%)
Ribeiro, 2015 VARC | 84% (38/45) = 5(11%) 2 (5%) 1(2%) 4(9%) | Major or life-threatening: | 5 (11%) 4(9%) -
15 (33%)
Jagielak, 2015 VARC  |100% (32/32) 0 2(1%) 2(6%) - 1(3%) - 2 (1%) 6 (19%) -
stroke/TIA
Thourani, 2015Y VARC - 24 (3%) | 89(10%) | 23(3%) | 3(0.3%) | 3(0.3%) - - 28 (7%) -
Frohlich, 2015 | not VARC - 15 (8%) 1(1%) = 6 (3%) - 13 (7%) 8 (5%) =
stroke
in-hospital
Ropponen, 2015 | VARC  |100% (36/36) | 1(3%) 3(9%) 2 (6%) 0 - Major: 6 (18%) 5(17%) 0 4 (11%)
Life-threatening: 2 (6%)
Adamo, 2015% VARC | 89% (39/44) - 4(9%) 1(2%) 1(2%) 0 Life-threatening: 1 (2%) | 5 (11%) 1(2%)
Minor bleeding: 1 (2%)
Bushnag, 20162 VARC  |100% (15/15) 0 0 0 in-hospital 0 0 Life-threatening: 0 2 (13%) 0 -

MI: myocardial infarction; PVL: paravalvular leakage; VARC: Valve Academic Research Consortium

(10.7% [95% CI: 6.3-17.6%] versus 15.8% [12.8-19.4%], respec-
tively; p=0.16), or mortality (10.3% [95% CI: 8.6-12.2%] versus
10.5% [8.0-13.6%], respectively; p=0.90). Only for the endpoint of
stroke did the use of a SAPIEN valve appear to be associated with

Table 3. Pooled event rate estimates.

Reported

lower event rates when compared with studies using a CoreValve
device (2.9% [95% CI: 2.0-4.2%)] versus 5.7% [3.8-8.5%], respec-
tively; p=0.014). Other endpoints could not be pooled because too
few studies reported results exclusively with a single valve used.

Cumulative Pooled

Outcome (n=studies) . . 95% Cl | Cochran Q 12
rate min-max rate estimate rate
VARC-2 device success (n=10) 84-100% 408/441 91.0% 86.7-94.0 12.1 25.5
Procedural Conversion to surgery (n=9) 0-7% 36/1,195 3.2% 2.3-4.5 4.4 0
outcomes  ["y1-ior vascular complication (n=12) 0-9% 35/1,779 3.1% 1.6-6.0 28.0 60.8
Moderate/severe PVL/AR (n=15) 2-20% 73/1,567 6.7% 4.3-10.1 34.1 58.9
Pacemaker (n=13) 7-17% 117/953 11.7% 9.2-14.8 16.3 26.5
30-day Mortality (n=15) 0-12% 183/1,894 9.9% 8.6-11.3 6.6 0
outeomes  'siroke (n=9) 0-6% 52/1,531 3.7% 2.45.6 11.2 28.7
Myocardial infarction (n=11) 0-2% 10/1,622 1.0% 0.5-1.7 6.6 0
VARC-2 30-day early safety (n=5) 9-31% 47/275 16.7% 10.6-25.3 9.7 58.7

AR: aortic regurgitation; Cl: confidence interval; PVL: paravalvular lea

kage; VARC-2: Valve Academic Research Consortium-2




Discussion

In this meta-analysis of 16 studies comprising 1,907 patients,
TAo-TAVI appears to be a safe procedure with low procedural
complication rates. Moreover, there were no differences in terms
of hard clinical outcomes when comparing the use of a SAPIEN or
CoreValve device, although the SAPIEN device appeared to have
a higher rate of PVL/AR while the CoreValve device required
more permanent pacemaker implantations. The majority of TAo-
TAVI procedures were performed employing a hemisternotomy
approach; however, it remains unclear whether this access is supe-
rior to a thoracotomy. The fact that most publications on results of
TAo-TAVI also reflect learning curves has to be taken into account
when evaluating these results.

According to the risk profile of patients included in indi-
vidual studies, patients were considered to be at either high or
intermediate risk. However, considering that TAVI is generally
recommended for high-risk patients only, it can be expected
that all patients were deemed high risk for surgery. Risk models
provide no information on the reason for patients to be consid-
ered high-risk outside the standard risk factors included in the
EuroSCORE and STS score, the most important factor prob-
ably being frailty. The absence of a uniformly used and vali-
dated frailty index stresses the key role the Heart Team plays in
the preoperative evaluation of these patients. All studies men-
tioned the fact that patient assessment was carried out by the
Heart Team or a multidisciplinary team consisting of at least
one cardiologist and a cardiac surgeon, underlining the impor-
tance of the Heart Team.

COMPLICATIONS AND PROCEDURAL OUTCOMES

The device success, as defined in VARC-2, was reported in 11
studies, with the highest rate being 100%. This endpoint evalu-
ates the procedural mortality, the correct positioning of a single
prosthetic heart valve and meeting the intended performances of
the valve itself without more than moderate regurgitation. The lat-
ter can be largely influenced by the amount and distribution of the
calcifications in the “landing zone”, bicuspid native aortic valve
and by post-dilatation procedures, as extensively shown in pre-
vious publications®, but these data are not available for all the
included individual studies.

Major vascular complications in the PARTNER trial ranged
between 13 and 17% for the TF cases (cohort A and B, respec-
tively) and the study demonstrated a fourfold increase in one-month
mortality in patients who developed major vascular complications.
The relatively low rate of major vascular complications observed
in this TAo-TAVI series reflects in part the fact that the ascend-
ing aorta presents few limitations regarding the size of delivery
system used. Moreover, the direct exposure of the vessel facili-
tates appropriate management of complications. Part of the dif-
ference is related to the fact that TF-TAVI in the PARTNER trial
was performed using first-generation devices with greater sheath
diameters, which are less advanced than the more recent devices
used in TAo-TAVI series. The widespread use of closure devices

Transaortic TAVI meta-analysis

or crossover balloon technique in percutanecous TAVI as well as
more strict patient selection has furthermore reduced vascular and
bleeding complications in the most recent series. Given these liter-
ature data, the pooled rate of 3% for major vascular complications
in TAo-TAVI makes this technique a valuable option in patients
lacking a suitable peripheral access.

The rate of permanent pacemaker implantation is reported in the
literature to be as high as 28% after TAVI, with a higher incidence
in CoreValve series compared to SAPIEN valves®. In our pooled
analysis, pacemaker implantation after the procedure occurred at
an estimated rate of 11.7%, with a significantly higher rate when
using a CoreValve versus a SAPIEN device. One of the most
important predictors of new conduction disturbances is the depth
of implantation: the relatively favourable rate of permanent pace-
maker implantation obtained with TAo-TAVI found in the current
study may rely on the precise positioning due to the short distance
to the aortic valve and annulus which permits a higher implant of
the prosthesis.

Moderate/severe PVL and AR were present at a pooled rate
of 6.7% (95% CI: 4.3-10.1%). Data from a PARTNER-I sub-
study on two large cohorts of patients showed the same rates
for TA-TAVI and higher rates for TF-TAVI at discharge (8.9%
and 12%, respectively, p=0.001)*. Unlike studies that showed
that regurgitation appears higher with a CoreValve vs. a SAPIEN
device®, we found a (non-statistically significant) higher rate
with the use of SAPIEN devices. We can only speculate that the
short working distance and immediate tactile feedback achieved
with TAo-TAVI made it possible for the operators to use the full
potential of the CoreValve with an increased precision of posi-
tioning, thereby possibly reducing the incidence and severity
of paravalvular regurgitation in comparison to other published
series®. Rates of PVL with a SAPIEN device have recently been
shown to be significantly lower with the use of the SAPIEN 3
valve, but these devices were not used in the studies included in
this meta-analysis. Our pooled analysis of PVL should be inter-
preted with caution, as measurement of PVL remains challeng-
ing and proposed definitions have been difficult to incorporate in

current guidelines.

THIRTY-DAY OUTCOMES
Mortality in this analysis varied between 0 and 12%. In total,
183 patients died within the first 30 days after their intervention,
which represents a pooled 9.9%. The mean EuroSCORE and STS
score was 8.4 and 23.5%, respectively, although not all papers
reported on one or both scoring systems. Causes of death were not
always described, but about half the patients died periprocedurally
due to annular rupture, left or right ventricle laceration, coronary
occlusion, aortic dissection or bleeding from the pulmonary artery.
Post-intervention causes of death varied and consisted mostly of
cardiac and/or respiratory failure or stroke.

The incidence of stroke ranged between 0 and 6% in the pooled
studies, with an estimated pooled rate of 3.7%. These results
are a composite of disabling (major) and non-disabling (minor)
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strokes, as per VARC-2 criteria, and are comparable to the 3.3%
major stroke rate reported in the large meta-analysis on stroke
after TAVI by Eggebrecht et al’’. More recent results from the
ongoing PARTNER-II trial, comparing SAPIEN to SAPIEN XT
for inoperable patients, reported a stroke rate of 4.3% for the TA
arm. The results of TAo-TAVI are in line with results achieved
with other techniques, thus confirming that TAo-TAVI appears
not to increase the risk of stroke. In fact, avoiding manipulation
of the aortic arch and supra-aortic vessels may offer a theoretical
advantage over other retrograde TAVI accesses. Conversely, the
aortic puncture required for TAo-TAVI may increase the risk of
emboli and, therefore, stroke. Insights from studies that employ
procedural transcranial Doppler may identify the timing of these
emboli and compare different approaches, although the default use
of cerebral protection devices may be warranted in any type of
aortic valve procedure.

Myocardial infarction has been pooled at 1.0%. We have to
take into account that this particular patient subset includes vas-
cular patients often with generalised atherosclerosis also involv-
ing the coronaries. Pre-procedure coronary angioplasty is in
some cases necessary but can be a confounding factor in detect-
ing infarction because an elevation of the cardiac markers fol-
lowing percutaneous interventions can be due to the coronary
angioplasty itself.

CONTRAINDICATIONS FOR TRANSAORTIC TAVI

Despite these encouraging results, the TAo approach also has
several potential contraindications: i) the presence of a true por-
celain aorta; ii) a short ascending aorta that does not permit
a minimum of 6 cm distance from the cannulation site to the aor-
tic valve annulus; iii) possible graft injury in a redo setting; and
iv) severe COPD making mechanical ventilation undesirable.
Patients with these risk factors and absence of femoral access
may remain candidates for a TA approach, although it has also
been considered that TAVI may be futile in patients with many
technical risk factors.

Limitations
As with any meta-analysis, the analyses rely on the studies that
are reported in the literature. This is a meta-analysis of mostly
small single-centre observational studies as there are currently no
randomised trials comparing access routes of TAVI. The proce-
dural and technical aspects of current TAVI practice are variable
and each centre may have different treatment protocols, which
could explain some of the heterogeneity observed in the analysis,
although heterogeneity was overall considered moderate at most.
Moreover, this can also be considered one of the strengths of this
meta-analysis, demonstrating the real-world practice of TAo-TAVI.
Only a limited number of studies were performed using
a thoracotomy approach, and therefore we were unable to per-
form subgroup analyses according to incision. Furthermore, not all
studies reported outcomes according to VARC-2 and many stud-
ies only reported outcomes selectively. Therefore, event rates for

a number of important endpoints could not be pooled. Moreover,
considering the fact that almost all studies are retrospective in
design and are single-centre reports, results and conclusions, par-
ticularly of the subgroup analyses, should be interpreted with some
caution. Small studies with fewer than five patients were excluded
to limit the impact of the learning curve and provide more sub-
stantiated outcomes.

Conclusions

In this meta-analysis that was largely based on small single-cen-
tre experiences, transaortic TAVI appears to be a safe procedure.
However, further data from larger multicentre studies are required
to evaluate the optimal approach in terms of comparing TAo with
other access routes, as well as a hemisternotomy versus thoraco-

tomy approach.

Impact on daily practice

This analysis clearly shows that performing TAVI by the
transaortic approach is feasible and safe in case of an
unfavourable or unwanted transfemoral route. With expand-
ing experience and further improvement of equipment, results
might become more favourable in the future, making this
access route a good second choice after the transfemoral
approach.

Guest Editor
This paper was guest edited by Josep Rodés-Cabau, MD; Quebec

Heart and Lung Institute, Laval University, Quebec City, Quebec,
Canada.

Conflict of interest statement
The authors have no conflicts of interest to declare. The Guest
Editor has no conflicts of interest to declare.

References

1. Généreux P, Head SJ, Van Mieghem NM, Kodali S,
Kirtane AJ, Xu K, Smith C, Serruys PW, Kappetein AP, Leon MB.
Clinical outcomes after transcatheter aortic valve replacement
using valve academic research consortium definitions: a weighted
meta-analysis of 3,519 patients from 16 studies. J Am Coll Cardiol.
2012;59:2317-26.

2. Bapat VN, Bruschi G. Transaortic access is the key to suc-
cess. Eurolntervention. 2013;9 Suppl:S25-32.

3. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D, Moher D, Becker BJ, Sipe TA, Thacker SB. Meta-
analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group. JAMA. 2000;283:2008-12.

4. Kappetein AP, Head SJ, Généreux P, Piazza N, van
Mieghem NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE,
van Es GA, Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ,
Mehran R, Rodés-Cabau J, Vranckx P, Webb JG, Windecker S,



Serruys PW, Leon MB; Valve Academic Research Consortium
(VARC)-2. Updated standardized endpoint definitions for trans-
catheter aortic valve implantation: the Valve Academic Research
Consortium-2 consensus document (VARC-2). Eur J Cardiothorac
Surg. 2012;42:S45-60.

5. DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials. 1986;7:177-88.

6. Clarke A, Wiemers P, Poon KK, Aroney CN, Scalia G,
Burstow D, Walters DL, Tesar P. Early experience of transaortic
TAVI--the future of surgical TAVI? Heart Lung Circ. 2013;22:
265-9.

7. Hayashida K, Romano M, Lefévre T, Chevalier B, Farge A,
Hovasse T, Le Houerou D, Morice MC. The transaortic approach
for transcatheter aortic valve implantation: a valid alternative to
the transapical access in patients with no peripheral vascular
option. A single center experience. Eur J Cardiothorac Surg.
2013;44:692-700.

8. Dahle G, Rein KA. Direct aorta ascending approach in trans-
catheter aortic valve implantation. Innovations (Phila). 2014;
9:1-9.

9. Amrane H, Porta F, van Boven AJ, Boonstra PW, Hofma SH,
Head SJ, Kappetein AP. Transcatheter aortic valve implantation
using a direct aortic approach: a single-centre Heart Team experi-
ence. Interact Cardiovasc Thorac Surg. 2014;19:777-81.

10. Spargias K, Bouboulis N, Halapas A, Chrissoheris M,
Skardoutsos S, Nikolaou J, Tsolakis A, Mourmouris C, Pattakos S.
Transaortic aortic valve replacement using the Edwards Sapien-XT
Valve and the Medtronic CoreValve: initial experience. Hellenic J
Cardiol. 2014;55:288-93.

11. Okuyama K, Jilathawi H, Mirocha J, Nakamura M, Ramzy D,
Makkar R, Cheng W. Alternative access for balloon-expandable
transcatheter aortic valve replacement: comparison of the transaor-
tic approach using right anterior thoracotomy to partial J-sternotomy.
J Thorac Cardiovasc Surg. 2015;149:789-97.

12. Bruschi G, De Marco F, Botta L, Barosi A, Colombo P,
Mauri S, Cannata A, Morici N, Colombo T, Fratto P, Nonini S,
Soriano F, Mondino M, Giannattasio C, Klugmann S. Right ante-
rior mini-thoracotomy direct aortic self-expanding trans-catheter
aortic valve implantation: A single center experience. Int J Cardiol.
2015;181:437-42.

13. Reardon MJ, Adams DH, Coselli JS, Deeb GM, Kleiman NS,
Chetcuti S, Yakubov SJ, Heimansohn D, Hermiller J Jr,
Hughes GC, Harrison JK, Khabbaz K, Tadros P, Zorn GL 3rd,
Merhi W, Heiser J, Petrossian G, Robinson N, Maini B, Mumtaz M,
Lee JS, Gleason TG, Resar J, Conte J, Watson D, Chenoweth S,
Popma JJ; CoreValve US Clinical Investigators. Self-expanding
transcatheter aortic valve replacement using alternative access
sites in symptomatic patients with severe aortic stenosis deemed
extreme risk of surgery. J Thorac Cardiovasc Surg. 2014;148:
2869-76.

14. Thourani VH, Li C, Devireddy C, Jensen HA, Kilgo P,
Leshnower BG, Mavromatis K, Sarin EL, Nguyen TC,
Kanitkar M, Guyton RA, Block PC, Maas AL, Simone A,

Transaortic TAVI meta-analysis

Keegan P, Merlino J, Stewart JP, Lerakis S, Babaliaros V. High-
risk patients with inoperative aortic stenosis: use of transapical,
transaortic, and transcarotid techniques. Ann Thorac Surg. 2015;
99:817-23.

15. Ribeiro HB, Dahou A, Urena M, Carrasco JL, Mohammadi S,
Doyle D, Le Ven F, Allende R, Amat-Santos I, Paradis JM,
DeLarochelli¢re R, Puri R, Abdul-Jawad Altisent O, del Trigo M,
Campelo-Parada F, Pibarot P, Dumont E, Rodés-Cabau J. Myocar-
dial Injury After Transaortic Versus Transapical Transcatheter
Aortic Valve Replacement. Ann Thorac Surg. 2015;99:2001-9.

16. Jagielak D, Bramlage P, Pawlaczyk R, Brzezinski M,
Fijalkowski M, Laskawski G, Ciecwierz D, Rogowski J,
Kozaryn R. Transaortic transcatheter aortic valve implantation:
Results of the Polish arm of the ROUTE registry. Cardiol J. 2015;
22:651-6.

17. Thourani VH, Jensen HA, Babaliaros V, Suri R,
Vemulapalli S, Dai D, Brennan JM, Rumsfeld J, Edwards F,
Tuzcu EM, Svensson L, Szeto WY, Herrmann H, Kirtane AlJ,
Kodali S, Cohen DJ, Lerakis S, Devireddy C, Sarin E, Carroll J,
Holmes D, Grover FL, Williams M, Maniar H, Shahian D,
Mack M. Transapical and Transaortic Transcatheter Aortic Valve
Replacement in the United States. Ann Thorac Surg. 2015;100:
1718-26.

18. Frohlich GM, Baxter PD, Malkin CJ, Scott DJ, Moat NE,
Hildick-Smith D, Cunningham D, MacCarthy PA, Trivedi U, de
Belder MA, Ludman PF, Blackman DJ; National Institute for
Cardiovascular Outcomes Research. Comparative survival after
transapical, direct aortic, and subclavian transcatheter aortic valve
implantation (data from the UK TAVI registry). A4m J Cardiol.
2015;116:1555-9.

19. Ropponen J, Vainikka T, Sinisalo J, Rapola J, Laine M,
Ihlberg L. Transaortic Transcatheter Aortic Valve Implantation as
a Second Choice over the Transapical Access. Scand J Surg.
2016;105:35-41.

20. Adamo M, Fiorina C, Curello S, Maffeo D, Chizzola G, Di
Matteo G, Mastropierro R, Nardi M, Cervi E, De Cicco G, Chiari E,
Curnis A, Bonardelli S, Coletti G, Manzato A, Metra M, Ettori F.
Role of different vascular approaches on transcatheter aortic valve
implantation outcome: a single-center study. J Cardiovasc Med
(Hagerstown). 2015;16:279-85.

21. Bushnaq H, Metz D, Petrov A, Frantz S, Hofmann U,
Raspe C, Treede H. Direct aortic access for transcatheter aortic
valve replacement with a fully repositionable and retrievable non-
metallic valve system. J Thorac Cardiovasc Surg. 2016;152:
1611-5.

22. John D, Buellesfeld L, Yuecel S, Mueller R, Latsios G,
Beucher H, Gerckens U, Grube E. Correlation of Device landing
zone calcification and acute procedural success in patients under-
going transcatheter aortic valve implantations with the self-
expanding CoreValve prosthesis. JACC Cardiovasc Interv.
2010;3:233-43.

23. Siontis GC, Juni P, Pilgrim T, Stortecky S, Biillesfeld L,
Meier B, Wenaweser P, Windecker S. Predictors of permanent

m
=
=
=
=
=4
(1]
=
<
(1]
=
=
o
=
N
o
—
S
—
w
o
—_
(=23
©
1
o
=
~
(=2}




m
=
=
=
=
=3
(1]
=
<
(1
=
=
o
=
N
o
—
=
—
w
()
=
(=23
©
1
()
=
~
(=2}

pacemaker implantation in patients with severe aortic stenosis
undergoing TAVR: a meta-analysis. J Am Coll Cardiol.
2014;64:129-40.

24. Blackstone EH, Suri RM, Rajeswaran J, Babaliaros V,
Douglas PS, Fearon WF, Miller DC, Hahn RT, Kapadia S,
Kirtane AJ, Kodali SK, Mack M, Szeto WY, Thourani VH,
Tuzcu EM, Williams MR, Akin JJ, Leon MB, Svensson LG.
Propensity-matched comparisons of clinical outcomes after
transapical or transfemoral transcatheter aortic valve replacement:
a placement of aortic transcatheter valves (PARTNER)-I trial sub-
study. Circulation. 2015;131:1989-2000.

25. Eltchaninoff H, Prat A, Gilard M, Leguerrier A, Blanchard D,
Fournial G, Tung B, Donzeau-Gouge P, Tribouilloy C, Debrux JL,

Pavie A, Gueret P; FRANCE Registry Investigators. Transcatheter
aortic valve implantation: early results of the FRANCE (FRench
Aortic National CoreValve and Edwards) registry. Eur Heart J.
2011;32:191-7.

26. Takagi K, Latib A, Al-Lamee R, Mussardo M, Montorfano M,
Maisano F, Godino C, Chieffo A, Alfieri O, Colombo A. Predictors
of moderate-to-severe paravalvular aortic regurgitation immedi-
ately after CoreValve implantation and the impact of postdilatation.
Catheter Cardiovasc Interv. 2011;78:432-43.

27. Eggebrecht H, Schmermund A, Voigtlinder T, Kahlert P,
Erbel R, Mehta RH. Risk of stroke after transcatheter aortic valve
implantation (TAVI): a meta-analysis of 10,037 published patients.
Eurolntervention. 2012;8:129-38.



