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Paradigm shifts in alternative access for transcatheter
aortic valve replacement: An update
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An in-depth understanding of
the risks and benefits of alterna-
tives to transfemoral access is
crucial for optimizing the out-
comes associated with trans-
catheter aortic valve
replacement.
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Over the last decade, transcatheter aortic valve replacement
(TAVR) has evolved from a procedure reserved for
high-to-prohibitive surgical risk patients,1-3 to an
established therapeutic alternative to surgical aortic valve
replacement (SAVR) in the low-to-intermediate risk popu-
lation.4-7 The femoral artery is the first-choice approach
whenever possible,8 as this was the predominant access
site used in all of the randomized trials comparing TAVR
with SAVR.

Recent registries have shown a significant decrease
in the proportion of patients treated through a non-
transfemoral (TF) access, from nearly 20% to 5%,9-12 as
a consequence of the iterative technological
improvements in transcatheter heart valves (THV) and
delivery system profiles. Nonetheless, considering the
rapid increase in the number of TAVR procedures
performed worldwide, it is reasonable to assume that
some proportion of these patients will not be candidates
for TF-TAVR.10 In these cases, attempting a TF-TAVR
despite an unfavorable ileofemoral anatomy may be associ-
ated with greater rates of vascular injury and mortality.13,14

Furthermore, as TAVR expands toward a lower-risk popula-
tion, similar outcomes as those achieved by TF access are
mandatory to rival the excellent results associated with
SAVR in this subset of patients. Several transthoracic
(transapical [TA]/transaortic [TAo]) and peripheral
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(transcarotid [TC], transsubclavian [TS], transcaval
[TCv]) vascular access routes were developed as alterna-
tives in the event that TF access was unsuitable. A careful
evaluation of patients’ comorbidities and vascular anatomy
is necessary to choose the best alternative access, as each
technique has its advantages and disadvantages (Table 1).
In the early years of TAVR, TF access was associated

with improved clinical outcomes compared with other
more-invasive vascular approaches.15 However, in an
intermediate-risk population treated with second-
generation THVs through a TF approach, the risks of major
and/or life-threatening bleeding and major vascular compli-
cations were reported to be as high as 12% and 8%, respec-
tively, raising the question as to whether patients with a
nonoptimal TF access should continue to be treated using
this approach.6,7 There is increasing evidence suggesting
that, to reduce access-related vascular and bleeding compli-
cations, as well as the excess early and late mortality asso-
ciated with these complications, a safe alternative access
diovascular Surgery c Volume 165, Number 4 1359
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TABLE 1. Relative advantages and disadvantages associated with the different TAVR approaches

Advantages Disadvantages

Transapical � Easy aortic valve crossing

� Excellent THV maneuverability

� Not limited by peripheral vascular anatomy and size

� General anesthesia and mechanical ventilation

� Mini-thoracotomy

� Irreversible damage to apical myocardium possibly limiting

LVEF improvement post-TAVR

� Longer in-hospital stay

� Relative contraindications:

� Chronic respiratory insufficiency

� Severe left ventricular dysfunction

� Left ventricular clot

Transaortic � Excellent THV maneuverability

� No guidewire manipulation of aortic arch and supra-aortic

vessels

� Rapid conversion to full sternotomy if necessary

� Not limited by peripheral vascular anatomy and size

� General anesthesia and mechanical ventilation

� Partial sternotomy (unless suprasternal access)

� Longer in-hospital stay

� Relative contraindications:

� Chronic respiratory insufficiency

� Previous sternotomy

� Porcelain aorta

� Short ascending aorta (<6 cm from the puncture site to

the aortic annulus)

� Previous chest radiation

Transcarotid � Possibility of local anesthesia and conscious sedation

� Superficial and accessible location of the common carotid

artery

� Common carotid is usually spared of atherosclerotic disease

compared with femoral arteries

� Easy alignment with the aortic annulus

� No guidewire manipulation of aortic arch

� Surgical cut-down is necessary

� Relative contraindications:

� Congenital variants of the aortic arch

� Common carotid artery minimal lumen diameter<6mm

� Contralateral significant (�50%) internal or common

carotid artery stenosis or occlusion

Transsubclavian Possibility of local anesthesia and conscious sedation.

� Proximity to the aortic annulus

� Subclavian artery is usually spared of atherosclerotic

disease compared with femoral arteries

� Alignment with the aortic annulus more difficult

� Deep location, surgical access challenging in patients with

obesity

� Proximity of the brachial plexus

� Bailout technically difficult if vascular complications

� Relative contraindications:

� Subclavian artery minimal lumen diameter<6 mm

� Vascular anatomy: tortuosity, stenosis, angulation

� Patent ipsilateral internal mammary artery graft

� Patients with obesity

� Steep subclavian to aortic arch angulation

Transcaval � Fully percutaneous venous access

� Possibility of local anesthesia and conscious

� Sedation

� Extensive preoperative planning from the multislice CT

� Added cost of closure devices

� Presence of intestine within the access pathway

� Relative contraindications:

� Calcification/atheroma/aneurysm/chronic dissection of

descending aorta

� Increased distance between descending aorta and

inferior vena cava

THV, Transcatheter heart valve; LVEF, left ventricular ejection fraction; TAVR, transcatheter aortic valve replacement; CT, computed tomography.
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site should be considered based on the individual patient’s
anatomical characteristics.14 This article aims to provide a
brief and up-to-date comparative review, focusing on the
strengths and weaknesses of the currently available
alternative-access TAVR approaches.
1360 The Journal of Thoracic and Cardiovascular Sur
TRANSTHORACIC APPROACHES (TA AND TAo)
Technical Features

During the early experience with TAVR procedures,
transthoracic approaches were the preferred alternative
routes, as the high-profile introducer sheaths precluded
gery c April 2023
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the use of safe alternative peripheral arterial access. The TA
pathway, first performed by Ye and colleagues in 2005,16

was the first alternative access attempted for TAVR. Despite
a need for an anterolateral mini-thoracotomy, general anes-
thesia, and the insertion of the THV delivery system though
the left ventricular apex, TA access was the only antero-
grade approach that allowed for straightforward guidewire
crossing of the aortic valve and excellent THV maneuver-
ability.17 Nevertheless, the TA approach has been associ-
ated with myocardial damage, and a smaller extent of
improvement in left ventricular function after TAVR,18,19

as well as various other important procedure-related com-
plications, such as tamponade and, albeit rare, injury to
the mitral subvalvular apparatus. Intractable bleeding at
the left ventricular apex is also rare but may be a potentially
catastrophic complication that often requires cardiopulmo-
nary bypass.

Access involving the ascending aorta was developed as a
means of countering the potential complications related to
left ventricular apical access in elderly and frail patients,
and the TAo route was first described in 2010.20 A partial
upper sternotomy is performed, extended down to the sec-
ond or third right intercostal space, although sternal-
sparing approaches have been described, such as an incision
through the suprasternal notch. General anesthesia is
required. Previous sternotomy, especially with patent coro-
nary bypass grafts, and a heavily calcified ascending aorta
are generally prohibitive.

Outcomes of Transthoracic Access
Studies reporting the outcomes associated with TA/TAo

TAVR are listed in Table 2. Data from large registries of
high-risk patients showed 30-day and 1-year mortality rates
ranging from 9% to 14% and 25% to 32% after TA-
TAVR21-25,E1-E3 and 6% to 10% and 19% to 30% after
TAo-TAVR,24,E4,E5 respectively. Major vascular complica-
tions, major bleeding events, and stroke were similar be-
tween TA and TAo approaches.24,E2,E6 Thourani and
colleagues24 reported a greater rate of 30-day and 1-year
unadjusted mortality in the TAo access group, but these dif-
ferences were no longer statistically significant after a risk-
adjusted analysis.

Transthoracic Compared With Transfemoral TAVR
Meaningful comparisons between transthoracic and TF

access are problematic, due to the routine use of TF as the
first-line approach, with transthoracic access reserved for
cases not amenable to nontransthoracic access, which are
generally considered to be at a greater risk. Between-
group differences could therefore be wrongly attributed to
the type of TAVR access, rather than to the patient’s prepro-
cedural risk profile, with access usually emerging as an in-
dependent predictor of poor outcome. There are a few
propensity-score matched studies that suggest that there is
The Journal of Thoracic and Car
no inherent access-related detrimental effect among the
transthoracic approaches.E7,E8 However, a majority of
comparative studies, even after risk adjustment, report
significantly greater rates of major adverse events such as
postprocedural major/life-threatening bleeding, acute renal
failure, and in-hospital mortality among patients undergo-
ing transthoracic access.15,E9-E13 Late survival was also
reduced when compared with TF-TAVR.23,E2 Stroke risk af-
ter the transthoracic approaches is low; the avoidance of
retrograde guidewire crossing of the aortic arch, and cath-
eter manipulation in the arch are possible reasons.E14

Similar rates of neurologic events were reported for TA/
TAo and TF access, both in large multicenter and
single-center studies, despite a greater incidence of post-
procedural atrial fibrillation in the transthoracic access
group.24,E8,E11,E15 Functional status and quality of life
showed a more modest improvement in TA-TAVR recipi-
ents compared with those who underwent TF-TAVR.19,E16

Finally, the overall costs associated with transthoracic
TAVR are greater than TF access, not only as a conse-
quence of longer in-hospital stays but also due to a
greater burden of procedure-related complications and
re-hospitalizations.E10,E12 It is not surprising, then, to
see a progressive decrease in the number of cases
performed through a transthoracic approach (19.2% in
2010 compared with 3.9% in 2015 in the FRANCE
TAVR registry and 14.5% in 2012 compared with
6.1% in 2015 in the Society of Thoracic Surgeons/
American College of Cardiology Transcatheter Valve
Therapy Registry [STS/ACC TVT] Registry) in favor
of other less-invasive alternative access pathways.11,12

PERIPHERAL ARTERIAL APPROACHES (TC AND
TS)
Technical Features—TS Access
The reduction of THV delivery sheath diameters has pro-

gressively encouraged the use of peripheral vessels as the
preferred alternative pathway. Transsubclavian or transaxil-
lary access (TS) was developed as one of the first alternative
non-TF peripheral arterial approaches. The first case
was successfully performed by Ruge and colleagues in
2007.E17 The subclavian artery can have variable depth
from the skin surface depending on body habitus, and the
brachial plexus is in very close proximity. There are also
concerns about a patent ipsilateral internal mammary artery
bypass graft in patients with previous coronary artery
bypass grafting. Co-axiality, especially when using the right
subclavian approach, may be problematic, especially with
an aortoventricular angle <70�. Subclavian arteries are
frequently spared from the atherosclerotic disease process,
but wall thickness tends to be thinner due to a less robust
media layer when compared with the femoral arteries.E18

Percutaneous access has been reported, with comparable re-
sults regarding procedural and short-term outcomes,
diovascular Surgery c Volume 165, Number 4 1361



TABLE 2. Summary of the main transthoracic access studies and studies comparing transthoracic versus transfemoral TAVR

Authors Comparative groups Study type

Study

period, y Age, y

Transthoracic

registries

Wendler et al. SOURCE

REGISTRYE3

Transapical (n ¼ 1387) Prospective registry 2007-2009 80.6 � 7.1

Bapat et al, Cocchieri et al,

ROUTE REGISTRYE5

Transaortic (n ¼ 301) Prospective registry 2013-2015 81.7 � 5.9

Thourani et al. TVT

REGISTRY24

Transapical (n ¼ 4085) Prospective registry.

Retrospective analysis

2011-2014 82.6 � 6.8z

Transaortic (n ¼ 868) 83.6 � 6.8z
Transfemoral vs

transapical studies

Blackman et al, UK TAVI

REGISTRYE9

Transfemoral (n ¼ 387) Prospective registry.

Retrospective analysis

2007-2010 82.2 � 7.4

Transapical (n ¼ 408) 81.8 � 6.9

Schymik et al, SOURCE XT

REGISTRY22

Transfemoral (n ¼ 1685) Prospective registry.

Retrospective analysis

2010 - 2011 82.0 � 6.5z

Transapical (n ¼ 894) 80.1 � 6.4z
Blackstone et al PARTNER

1 TA15

Transfemoral (n ¼ 501) Prospective. Propensity score

matched

2007-2012 85 � 6.8

Transapical (n ¼ 501) 85 � 6.3

Doshi et alE12 Transfemoral (n ¼ 3954) Retrospective Propensity score

matched (3:1)

2012-2014 81.1 � 8.5z

Transapical (n ¼ 1318) 81.0 � 8.1z
Schymik et alE7 Transfemoral (n ¼ 354) Retrospective Propensity score

matched

2008-2012 81.7 � 5.0

Transapical (n ¼ 354) 81.8 � 5.9

Transfemoral vs

transaortic studies

O’Hair et al, CoreValve US High

Risk and Extreme Risk Pivotal

TrialsE13

Transfemoral (n ¼ 394) Retrospective Propensity score

matched

2011-2012 83.2 � 7.6

Transaortic (n ¼ 394) 82.8 � 7.6

Chollet et alE8 Transfemoral (n ¼ 124) Retrospective Propensity score

matched

2012-2015 83.9 � 6.2

Transaortic (n ¼ 124) 84.1 � 6.4

Values are%, unless otherwise indicated. STS PROM, Society of Thoracic Surgeons predicted risk of mortality; Log ES, logistic EuroSCORE; CVA, cerebrovascular accident;

VC, vascular complication; LT, life-threatening; AKI, acute kidney injury; CV, cardiovascular;NS, not significant. *Renal failure requiring dialysis. yAcute kidney injury (stage
2 or 3). zP<.05. xAcute kidney injury (stage 1-3). kBlood loss requiring transfusion.
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compared with surgical cut-down.E19 Percutaneous, and
even surgical, access can be challenging, especially in pa-
tients with obesity. In addition, the management of vascular
complications is not straightforward, as the artery is not in
an easily compressible location. The TS pathway is feasible
under local anesthesia and conscious sedation, which
represents an important advantage over transthoracic
approaches.E20

Technical Features—TC Access
The TC approach for TAVR was first reported in 2010.E21

The approach to the common carotid artery (CCA) is per-
formed by a small surgical cut-down along the medial border
of the sternocleidomastoid muscle near the sternal notch and
is relatively uncomplicated due to the CCA’s superficial loca-
tion, even in patients with obesity. In addition, the CCAs are
often free from atheromatous disease, unlike the internal
1362 The Journal of Thoracic and Cardiovascular Sur
carotid arteries, and are frequently less diseased in compar-
ison with the femoral arteries, even in patients with multiple
cardiovascular risk factors and severe peripheral vascular
disease.E22 TC access is considered feasible if the CCAmin-
imal lumen diameter is �6 mm, and theoretically, if there is
no contralateral significant (�70%) internal or CCA steno-
sis, or occlusion of the contralateral CCA or internal carotid
artery.E23,E24 The left side is usually preferred, as the left
CCA offers superior coaxial alignment between the aortic
root and the THV delivery sheath, but both sides can be
used. The procedure can be done either under general
anesthesia or conscious sedation with local anesthesia.E25

In cases in which a compromise of cerebral perfusion is sus-
pected after placement of the introducer sheath before THV
deployment, a temporary femorocarotid small-caliber shunt
could be used to ensure adequate cerebral perfusion,
although this is rarely necessary.
gery c April 2023



TABLE 2. Continued

Risk stratification Periprocedural outcomes Follow-up outcomes

STS PROM Log ES CVA

Major

VC

Major/LT

bleeding AKI

In-hospital

stay, d

In-hospital

death

30-d

mortality/CV

mortality

1-y

mortality/CV

mortality

– 27.6 � 16.1 2.5 1.5 Major: 3.9 6.7* – – 11.2 26.2

9.0 � 7.6 – 1.4 3.4 LT: 3.4 9.5y 9.9 � 8.5 – 6.1/4.4 19.1

7.4 (5-11) – 2.1 0.3 – 38.8x 8.5 � 6.6z 6.8 8.8z 25.6z

8.8 (6-13) – 2.5 0.3 – 39.6z 8.9 � 6.4z 8.1 10.3z 30.3z
– 17.7 � 11.1z 3.3 9.0z 18.6zk 3.4z* – – 4.4z 18.1z

– 22.5 � 12.9z 3.4 2.2z 28.7zk 8.6z* – – 11.2z 28.7z
– 19.8 � 11.6z 3.4 7.9z 10.9z 11.9zx – 1.5 4.2z/1.7z 15.0z/6.7z

– 21.9 � 13.7z 4.2 3.5z 20.9z 28.1zx – 2.5 10.0z/5.7z 27.1z/14.7z
– – 2.8 6.0 Major: 4.8 – 5 (3-8)z 2.8z 3.4z –

– – 3.2 3.8 Major: 7.2 – 8 (5-15)z 7.4z 9.0z –

– – 2.7 4.3z 31.1zk 17.1z 7.7 � 7.3z 4.0z – –

– – 2.9 1.9z 36.4zk 23.9z 9.7 � 7.8z 5.4z – –

– 23.5 � 16.3 2.3 15.8z 13.6 20.9zx – – 8.5 NS

– 23.0 � 15.6 2.0 2.5z 10.1 35.6zx – – 5.9 NS

9.7 � 5.0 – 2.6z 9.4z 35.4z 10.0zx 8.4 � 8.7z – 4.1z/4.1z 23.2/17.3z

9.7 � 4.8 – 5.7z 4.1z 66.7z 19.7zx 10.8 � 8.2z – 10.9z/10.7z 28.1/22.2z
6.5 � 3.6 – 4.0 2.4 2.4z 1.7y 6.4 � 1.8z 1.6 6.5 16.1

6.9 � 3.6 – 2.4 4.8 9.7z 3.7y 9.1 � 3.6z 5.7 7.3 15.3
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Outcomes of Non-TF Peripheral Arterial Access
Studies reporting outcomes after TS and TC TAVR are

listed in Table 3. In an intermediate-to-high risk population,
mortality rates ranging from 3% to 8% at 30 days and
13% to 17% at 1 year have been reported after TC-TA-
VR.E25-E29 Outcomes are very similar for TS-TAVR, with re-
ported 30-day and 1-year mortality rates ranging from 3% to
10% and 20% to 30%, respectively.23,E2,E9,E19,E29,E30 Beur-
theret and colleaguesE31 published one of the largest cohorts
of TAVR procedures performed though a non-TF peripheral
arterial access (TC, n ¼ 911 vs TS, n ¼ 702) from the
FRANCE TAVR registry. In secondary analysis, TC-TAVR
was associated with a significantly lower rate of vascular
complications (TC: 0.2% vs TS: 1.3%, odds ratio [OR],
0.21; 95% confidence interval [CI], 0.04-0.80, P ¼ .021),
but a greater rate of major bleeding and acute kidney injury,
The Journal of Thoracic and Car
compared with TS-TAVR.E31 Importantly, stroke rate was
similar among TC/TS-TAVR recipients (TC: 3.6% vs TS:
3.0%, OR, 1.24; 95% CI, 0.7-2.2, P ¼ .471).E31 In another
recent study, Kirker and colleaguesE29 published a propensity
score-matched comparison of a contemporary cohort of TC
(n ¼ 788) and TS (n ¼ 1576) patients who received TAVR
from the STS/ACC TVT registry. In this study, in-hospital
outcomes were comparable between both peripheral access
sites, except for the stroke rate: the TC cohort showed a signif-
icantly lower rate of stroke compared with the TS cohort
(4.2% vs 7.4%; P ¼ .003).E29 In addition, patients undergo-
ingTC-TAVRhad a shorter procedure and fluoroscopy time, a
lower contrast volume, and a shorter intensive care unit/in-
hospital length of stay.E29 Finally, in another study comparing
TC- with TS-TAVR, rates of in-hospital, 30-day, and 1-year
mortality were similar between the 2 groups.E32
diovascular Surgery c Volume 165, Number 4 1363



TABLE 3. Summary of the main peripheral arterial versus transfemoral/transthoracic TAVR studies

Authors, y Comparative groups Study type

Study

period,

years

Peripheral

access

studies

Beurtheret et alE31

FRANCE TAVI

REGISTRY

Transcarotid (n ¼ 911) Retrospective. Not propensity-score matched analysis 2013-2017

Transsubclavian (n ¼ 702)

Amer et alE32 Transcarotid (n ¼ 33) Retrospective. Not propensity-score matched analysis 2016-2018

Transsubclavian (n ¼ 38)

Kirker et alE29

TVT REGISTRY

Transcarotid (n ¼ 788) Retrospective. Propensity-score matched analysis 2017-2019

Transsubclavian (n ¼ 1576)

Peripheral vs

transthoracic

studies

Beve et alE33 Peripheral (n ¼ 87)

SC 73, TC14

Retrospective. Propensity-score adjusted regression 2009-2017

Transthoracic (n ¼ 104)

TA 63, TAo 41

Chamandi et alE35 Transcarotid (n ¼ 94) Retrospective. Propensity-score matched analysis 2012-2017

Transthoracic (n ¼ 164)

Dahle et al

TVT REGISTRYE19

Transaxillary (n ¼ 1180) Retrospective. Propensity-score matched analysis 2015-2018

Transthoracic (n ¼ 1180)

Allen et al

TVT REGISTRYE37

Transcarotid (n ¼ 667) Retrospective. Propensity-score matched analysis 2015-2019

Transthoracic (n ¼ 1334)

Peripheral vs

transfemoral

studies

Beurtheret et alE31 Peripheral (n ¼ 1613) Retrospective. Propensity-score matched analysis 2013-2017

Transfemoral (n ¼ 1613)

Blackman et al,

UK TAVI RegistryE9
Transsubclavian (n ¼ 94) Prospective registry. Retrospective analysis 2007-2010

Transfemoral (n ¼ 704)

Petronio et al,

Italian CoreValve

registryE20

Transsubclavian (n ¼ 141) Retrospective. Propensity-score matched analysis 2007-2011

Transfemoral (n ¼ 141)

Gleason et al, CoreValve

US pivotal trialE30
Transsubclavian (n ¼ 202) Retrospective. Propensity-score matched analysis -

Transfemoral (n ¼ 202)

Folliguet et al,

FRANCE TAVI

RegistryE28

Transcarotid (n ¼ 435) Prospective registry. Propensity-score matched analysis 2013-2015

Transfemoral (n ¼ 10,598)

Junquera et alE23 Transcarotid (n ¼ 127) Prospective registry. Propensity-score matched analysis 2015-2019

Transfemoral (n ¼ 399)

Watanabe et alE39 Transcarotid (n ¼ 83) Retrospective. Not propensity-score matched analysis 2012-2017

Transfemoral (n ¼ 643)

Values are%, unless otherwise indicated. STS PROM, Society of Thoracic Surgeons predicted risk of mortality; Log ES, logistic EuroSCORE; CVA, cerebrovascular accident;

VC, vascular complication; LT, life-threatening; AKI, acute kidney injury; CV, cardiovascular; NS, not significant. *P<.05. yAcute kidney injury (stage 1-3). zRenal failure
requiring dialysis. xAcute kidney injury (stage 2 or 3). kBlood loss requiring transfusion. {Acute kidney injury (stage 3).
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TABLE 3. Continued

Age, y

Risk stratification Periprocedural outcomes Follow-up outcomes

STS PROM Log ES CVA

Major

VC

Major/LT

bleeding AKI

In-hospital

stay

In-hospital

death

30-d

mortality/CV

mortality

1-y

mortality/CV

mortality

81.6 � 7.8 – 20.5 � 14.3 3.6 0.2* Major:10.0* 4.6*y – 3.7 – –

82.2 � 6.6 – 19.2 � 13.5 3.0 1.3* Major:6.7* 2.9*y – 4.3 – –

82.9 � 7.2 15.1 � 8.63 – 3.0 3.0 6.0 – – – 0 NS

78.1 � 8.2 11.9 � 9.5 – 8.0 0 2.6 – – – 3.0 NS

78.9 � 8.3* 7.6 � 5.5* – 4.2* 1.5 LT: 0.1 1.5z 2 (2-4)* 2.5 4.3/1.2 –

78.8 � 8.4* 7.6 � 5.8* – 7.4* 2.2 LT: 0.1 0.7z 3 (2-5)* 3.4 5.2/1.8 –

79.3 � 6.7 3.5 (2.4-4.9) – 1.0 – 11.5 0.0*x 7 (6-9)* 8.0 9.0 –

78.0 � 9.9 3.1 (2.2-4.8) – 4.0 – 19.2 8.0*x 6 (4-7)* 5.0 5.0 –

79.7 � 8.2 6.2 � 5.1 – 2.1 3.2* 4.3* 0*y 6 (3-8)* – 2.1 –

79.4 � 5.4 6.9 � 3.5 – 3.5 10.7* 19.9* 12.1*y 8 (6-12)* – 4.6 –

78.9 � 8.7 7.8 � 5.9 – 6.3* 2.5 LT:0.5 0.7 3 (2-5) – 5.3* –

79.3 � 8.0 8.0 � 5.1 – 3.1* 1.7 LT:0.6 2.5 6 (4-8) – 8.4* –

79.1 � 8.4 7.8 � 5.3 – 4.3 1.4 LT: 0.2 1.3z 3 (2-4)* 2.4* 4.2*/1.2 –

79.2 � 8.1 7.8 � 5.3 – 3.7 1.9 LT: 0.6 2.7z 6 (4-8)* 5.7* 7.7*/2.2 –

81.9 � 7.3 – 19.4 � 13.8 3.4 0.7* Major: 8.6 3.8y – 4.0 – –

82.1 � 7.6 – 19.9 � 13.9 2.2 1.4* Major: 7.5 2.8y – 2.9 – –

81.1 � 7.6 – 25.9 � 6.9* 2.1 5.3 37.2*k 4.2z – – 3.2 31.2

82.0 � 6.5 – 19.5 � 4.2* 3.0 5.8 19.9*k 2.7z – – 5.1 21.4

83 (79-87) – 23.3 (14-33) 2.1 5.0 LT: 7.8

Major: 36.2

4.3*{ – 5.0 – –

83 (79-86) – 23.7 (16-34) 2.1 7.8 LT: 5.7

Major: 30.5

9.9*{ – 4.3 – –

80.8 � 8.1 9.7 � 5.9 – 7.5 11.9 LT: 11.4

Major: 27.8

10.0 – – 5.4/5.4 23.3/19.2

80.2 � 9.7 9.8 � 5.5 – 5.0 10.4 LT: 10.4

Major: 22.8

14.4 – – 5.9/5.9 24.8/20.3

81.8 (7.7)* – 20.3 � 15.0* 4.4* 3.2* 9.2* 3.3 – – 4.1 NS

83.2 (7.0)* – 17.3 � 11.7* 1.9* 7.7* 4.7* 5.1 – – 3.8 NS

78 (72-82)* 4.7 (3.2-6.8) – 2.4 2.4 4.7 3.2 5.7 � 3.4 3.2 4.8/3.9 NS

82 (76-86)* 4.2 (2.8-6.7) – 3.3 4.5 6.0 6.5 5.8 � 7.4 2.0 2.8/2.8 NS

81.4 � 8.4 6.4 � 3.3 24.2 � 13.3 2.4 1.2 0.0 0.0z 12.4 � 7.7 – 8.4 –

80.0 � 7.5 6.7 � 4.3 21.3 � 12.4 2.8 4.9 1.2 1.1z 12.0 � 8.7 – 5.0 –
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Peripheral Arterial (Non-TF) Access Compared
With Transthoracic Access

Recently published data, including data from our center,
showed that, compared with TC/TS access, transthoracic
approaches were associated with greater rates of postproce-
dural bleeding, acute kidney injury, and de novo atrial
fibrillation, as well as a longer in-hospital stay and a lower
proportion to home discharge.E19,E33-E37 While some
studies found comparable rates of 30-day and 1-year mor-
tality among peripheral non-TF arterial and transthoracic
TAVR recipients,E33,E35,E36 contemporary data from the
STS/ACC TVT registry showed superior survival rates
after both TC and TS accessE19,E37,E38 and a trend toward
better 30-day and 2-year survival after TC access.E34
Peripheral Arterial (Non-TF) Access Compared
With Transfemoral Access

In the study by Beurtheret and colleagues,E31 the main
analysis was a propensity score-matched comparison be-
tween TF- and TC/TS-TAVR patients (n ¼ 1613 in each
group). In-hospital outcomes including major bleeding,
8.8
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FIGURE 1. Thirty-day rates of selected outcomes among patients who underw

plantation approaches. Thirty-day all-cause mortality, life-threatening bleeding,
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Transapical (Thourani and colleagues,24 STS/ACC TVT registry [n¼ 4085]). Li
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(ROUTE Registry [n¼ 301]). Transcarotid (Kirker and colleaguesE29 STS/ACC

ACC TVT registry [n ¼ 1576]) Transcaval (Greenbaum and colleaguesE40).
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stroke, acute renal failure, and mortality, were compara-
ble among both groups after matching, despite a greater
prognosis-limiting disease burden in the TC/TS
group.E31 Although there was a numerically greater
rate of neurologic events in the TC/TS group compared
with TF, this was not statistically significant (3.4% vs
2.2%; OR, 1.38; 95% CI, 0.88-2.19, P ¼ .156). Inter-
estingly, the rate of vascular complications was signifi-
cantly greater in the TF-matched cohort (TC/TS:
0.68% vs TF: 1.36%; OR, 0.45; 95% CI, 0.21-0.93,
P ¼ .032).E31 One hypothesis was that participating cen-
ters in that study had a relatively high rate of TF-
compared with alternative access-TAVR, implying that
many patients with “borderline” ileo-femoral anatomy
were undergoing TF-TAVR at the expense of safer alter-
native access routes.

There are only 3 studies that performed a head-to-head
comparison between TC- and TF-TAVR.E23,E28,E39

Watanabe and colleaguesE39 found no differences in all of
the clinical outcomes evaluated in an unadjusted analysis,
despite the greater baseline risk profile of TC patients.
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fe-threatening bleeding rate from Schymik and colleagues22 (SOURCEXT
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Ilio-femoral artery > 5-6 mm (depending on THV size and type)
AND

No significant tortuosity, calcification, or angulation
AND

No morbid obesity

TF TAVR

TC TAVR

TS TAVR

TAo TAVR

TA TAVR

Severe left ventricular dysfunction
AND

No porcelain aorta
AND

No short ascending aorta
AND

No previous sternotomy

No significant frailty
AND

No left ventricular thrombus

Subclavian/axillary artery > 6mm
AND

No significant subclavian/axillary artery tortuosity,
calcification, or angulation

AND
No patent ipsilateral internal mammary artery graft

Common carotid artery > 6 mm
AND

No contralateral significant internal CA stenosis (��70%)
AND

No CCA significant tortuosity/calcification

YES

YES

NO

NO

NO

NO

YES
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TS TAVR

TAo TAVR

TA TAVR

TAVR PATIENT*

FIGURE 2. Our proposed decision-making algorithm in selecting a nontransfemoral TAVR approach, based on available scientific evidence and the au-

thors’ clinical experience, for patients undergoing TAVR. *Patients referred for TAVR are first evaluated by a multidisciplinary heart team, which decides

whether TAVR is appropriate. Some patients referred for TAVR are referred for other therapies, such as medical therapy including palliative care, balloon

valvuloplasty, or SAVR, but this selection process is beyond the scope of this review. Transcaval and other investigational approaches were not included.

TAVR, Transcatheter aortic valve replacement; THV, transcatheter heart valve; TF, transfemoral; CA, carotid artery; CCA, common carotid artery; TC, trans-

carotid; TS, transsubclavian; TAo, transaortic; TA, transapical.
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Folliguet and colleaguesE28 found no differences in 1- and
2-year mortality rates in a propensity score analysis of
n¼ 435 TC and n¼ 10,598 TF TAVR recipients. However,
The Journal of Thoracic and Car
TC-TAVR was associated with a greater rate of stroke,
bleeding, and renal failure, including the need for dialysis,
although a significantly lower rate of vascular
diovascular Surgery c Volume 165, Number 4 1367
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complications was reported among TC-TAVR patients.E28

The authors employed inverse probability weighting tech-
niques in their propensity score analysis, but this may not
have completely adjusted away the intrinsically higher
risk associated with the TC patients. Our own data showed
a comparable risk of major vascular complications, acute
kidney injury, and major/life-threatening bleeding, among
127 consecutive patients who underwent TC-TAVR
compared with 399 patients who underwent TF-TAVR.E23

Major/life-threatening bleeding related to the TC access
site itself occurred in only one patient, and was due to sec-
ondary access site bleeding in the remaining patients.E23 In
addition, the TC-TAVR approach’s clinical outcomes in
terms of procedural success, early mortality, and stroke
rate were comparable with those of TF-TAVR despite a
greater baseline risk profile among TC patients. Mortality
remains similar out to 1 year of follow-up.

Regarding TS-TAVR, similar rates of 30-day and 1-year
mortality were reported when compared to TF-TAV-
R.E9,E20,E30 Bleeding events were greater after TS-TAVR
in one study,E9 but other studies that specifically compared
TS and TF access found no differences regarding in-
hospital outcomes.E20,E30

In summary, encouraging results have been achieved by
both TC and TS peripheral arterial access, and concerns
about adverse neurologic outcomes, especially after TC ac-
cess, have largely not been substantiated.

TCv ACCESS
The TCv approach is the most recently described

pathway for alternative TAVR access. First performed in
2013,E40 this access route shows promise but is generally
performed when other options are thought not to be feasible.
This approach is possible because the interstitial hydrostatic
pressure in the retroperitoneal space exceeds venous pres-
sure, so that blood exiting from the abdominal aorta returns
to the venous circulation rather than accumulating in the ret-
roperitoneum. This physiologic mechanism theoretically
prevents exsanguination during the time it takes to perform
an aorto-caval shunt closure with currently available oc-
cluder devices. Persistent aorto-caval fistula is not
infrequent after TCv-TAVR, but appears to be well-tolera-
ted.E41 Computed tomographic evaluation of the descend-
ing aorta is needed to determine the optimal caval-aortic
crossing trajectory. Initial experience in 100 high-risk pa-
tients has shown a high rate of procedural success
(99%).E42 Overall, 30-day major/life-threatening bleeding
occurred in 18% of patients, and major vascular complica-
tions in 19%. Thirty-day TCv access-related major/life-
threatening bleeding and major vascular complications
occurred in 12% and 13% of patients, respectively, typi-
cally due to a retroperitoneal hematoma.E42 The aorto-
1368 The Journal of Thoracic and Cardiovascular Sur
caval fistula was shown to not be patent immediately after
the TAVR procedure in 36% of the patients, in 66% of pa-
tients at 30 days, and in 86% at 1 year.E41 Fistula status was
not significantly associated with overall survival and subse-
quent heart failure hospitalizations.E41 The 30-day and cu-
mulative 1-year mortality rates were 8% and 29%, and no
patient died or required surgical bailout as a direct conse-
quence of TCv access.E41,E42 Longer follow-up is manda-
tory to evaluate long-term tolerance to persistent
arteriovenous fistulas, and late events associated with
nitinol occluder systems, like late aortic false aneurysm for-
mation, before considering the routine use of TCv access as
a primary non-TF alternative access.

CONCLUSIONS
Caution must be used when comparing TAVR outcomes

between TF and non-TF approaches, as non-TF pathways
are always used as a second-option approach in candidates
who are not suitable for TF. Therefore, extricating access
from baseline risk when examining post-TAVR outcomes
remains challenging. Some studies comparing TF with
non-TF populations have attempted to risk-adjust using
propensity-score matched analyses or other established
multivariable techniques, but the lack of randomized
clinical trials makes it difficult to reach solid conclusions.
Evidence from large nonrandomized, propensity-score
matched studies shows similar outcomes between
peripheral arterial (TC/TS) and TF TAVR.E23,E31

However, despite its potential advantages and satisfactory
outcomes,E27,E35 the TC and TS approaches are available
in only 10% and 39% of the centers performing TAVR
among industrialized nations, respectively, whereas 70%
of those same centers offer TA access as an option.8 Recent
data from the STS/ACC TVT registry showed that, between
2015 and 2019, 41% of the non-TF cases were performed
through a transthoracic approach.E37 Despite the increased
use of peripheral arterial access in more recent years
(TA/TAo approaches were surpassed by the TS access in
2017, and by the TC access in 2019), in the first quarter
of 2020 transthoracic access was still being employed in
20% of non-TF cases.E29,E37 The expansion of TAVR to
low-risk patients is already under way, and the estimated
number of potential TAVR candidates is rapidly increasing.
Therefore, there exists a need for a safe alternative approach
that can reproduce the results of TF-TAVR. Increasing the
penetrance of less-invasive alternative techniques may
improve the global results of TAVR by siphoning patients
with a high-risk ileofemoral anatomy away from
TF-TAVR, and toward nontransthoracic alternative access
pathways such as TC or TS access.

The optimal alternative access remains to be elucidated,
and direct comparisons between the various non-TF
gery c April 2023
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strategies must be interpreted with caution, although they
may provide us with some guidance as to the relative merits
and disadvantages of each approach (Figure 1). Selection of
access site should be made on an individual basis for each
patient by an experienced multidisciplinary heart team.
The heart team may help in identifying those patients
with severe iliofemoral disease that increases the risk asso-
ciated with TF access and directing those patients to a
primary alternative non-TF strategy, thus averting an un-
planned femoral arterial repair either by open surgery or
stenting post-TAVR. We provide a decision-making algo-
rithm at our institution that takes into consideration each pa-
tient’s unique baseline clinical and anatomical profile
(Figure 2). As experiencewith alternative peripheral arterial
access increases, so may the safety and clinical outcomes
associated with alternative-access TAVR prove superior to
a “TF for all patients and at any cost” strategy, which is
not ideal in an era in which patient safety is the first priority.
All TAVR centers must be familiar with at least one alterna-
tive approach to ensure optimal TAVR outcomes. Finally,
the expertise of each institution’s heart team as well as indi-
vidual center-specific preferences and clinical results are
important factors for determining alternative access-site se-
lection. Although randomized studies between TF and non-
TF access are unlikely to be performed, further prospective
studies comparing a high-risk TF approach versus alterna-
tive peripheral access for TAVR are needed, and centers
are encouraged to report high-quality registry data, both
early and long-term, to continue to improve global TAVR
outcomes.
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