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A B S T R A C T

Transcatheter aortic valve replacement (TAVR) has become a widely accepted procedure for treating patients with symptomatic aortic stenosis. While
transfemoral access remains the primary route due to its lower complication rates and favorable outcomes, a subset of patients have anatomical or clinical
factors precluding this approach. For these patients, alternative access routes such as transaxillary, transcarotid, and transcaval provide viable options. This
expert consensus statement aims to provide a comprehensive review of case selection, technical considerations, and outcomes associated with these
alternative access routes in TAVR. Additionally, this document highlights the advancements in device technology and imaging guidance that have
contributed to improving the safety and efficacy of alternative access TAVR. This consensus statement serves as a practical guide on best practices for
interventional cardiologists, cardiothoracic surgeons, and heart teams in selecting patients and performing alternative access TAVR.
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Introduction

Transcatheter aortic valve replacement (TAVR) is a mainstay
treatment for patients with symptomatic, severe aortic stenosis.1 As
TAVR technology and technique have improved over the past
decade, the majority of TAVR procedures are performed via the
femoral artery; however, there remain patients with iliofemoral ar-
teries that are too small or diseased to safely undergo transfemoral
TAVR. Alternative (nonfemoral artery) access, most commonly via
transaxillary, transcarotid, or transcaval routes, remains necessary in
4.7% of TAVR procedures in the United States.2 Transapical and
transthoracic access, once common, are now seldom performed.3

Transaxillary arterial access can be accomplished either percutane-
ously or with surgical exposure to place a delivery sheath.4 Transcarotid
access uses local surgical exposure for delivery sheath access followed
by repair after TAVR. Transcaval access uses percutaneous femoral vein
access for introduction of the delivery sheath, followed by use of an
electrified guide wire to traverse from the inferior vena cava (IVC)
through the retroperitoneal space into an adjacent segment of the
abdominal aorta, followed by passage of the TAVR delivery sheath.5

After transcaval TAVR, a nitinol occluder device is implanted in the
aortocaval access tract while the sheath is withdrawn. Intrathoracic
(transapical or transaortic) TAVR is associated with higher morbidity and
mortality than extrathoracic access.3,6

Possible explanations for the increased risk of alternative access
approaches include patient-specific features (eg, increased medical
comorbidities and more diseased/tortuous/calcific/atheromatous ar-
teries) as well as procedure-specific factors (eg, greater procedural
complexity or risk or the need for general anesthesia).

Augmented transfemoral arterial access using intravascular litho-
tripsy (IVL), bare metal or covered-stent implantation, and/or balloon
angioplasty remains an important alternative to standard transfemoral
access cases. Case selection and relative risk of this approach compared
with nontransfemoral arterial access has not been well-studied.

Few guidelines are available to help operators select among alter-
native access options.7,8 Current guidelines on management of valvular
heart disease from the American College of Cardiology/American Heart
Association make no recommendations on the specific alternative access
techniques for TAVR. However, in recognition of increased patient and
procedural complexity, these guidelines recommend that alternative
access be performed at level I/comprehensive valve centers, while level
II/primary valve centers perform only transfemoral TAVR. Similarly, the
European Society of Cardiology/European Association for
Cardio-Thoracic Surgery Guidelines for the Management of Valvular
Heart Disease offer no specific recommendations on alternative access
options and emphasize consideration of surgical aortic valve repair over
TAVR in patients with poor anatomical features and vascular access.8 In
light of this gap in clinical guidelines, the Society for Cardiovascular
Angiography & Interventions (SCAI) organized an expert panel to sum-
marize available evidence and develop a consensus statement on best
practices for alternative, nonfemoral access case selection for TAVR. The
aim of this document was to inform clinicians on current best practices for
alternative access case selection and technique and to promote
improved clinical outcomes and safety in these difficult clinical cases.

Methodology

This statement has been developed according to the SCAI Stan-
dards and Guidelines Committee policies for writing group composi-
tion, disclosure, andmanagement of relationships with industry, internal
and external review, and organizational approval.9

The writing group was assembled to ensure diversity of perspectives
and demographic characteristics and appropriate balance of relation-
ships with industry. Relevant author disclosures are included in Supple-
mental Table S1. Before appointment, members of the writing group
were asked to disclose financial and intellectual relationships from the 12
months before their nomination. A majority of the writing group dis-
closed no relevant, significant financial relationships. The work of the
writing committee was supported exclusively by SCAI, a nonprofit
medical specialty society, without commercial support. Writing group
members volunteered their contributions without compensation from
SCAI. Readers should recognize that voluntary contributions may
nevertheless confer commercial and reputational value to the authors.

Literature searches were performed by designated section leaders,
and initial section drafts were drafted by small writing groups.
Consensus statements were discussed and agreed upon by the full
writing group using a modified Delphi process, which required 75%
agreement among authors for a consensus. The draft manuscript was
peer reviewed in June and July 2024, and the document was revised to
address pertinent comments. The writing group unanimously approved
the final version of the document. The SCAI Standards and Guidelines
Committee and Executive Committee endorsed the document as offi-
cial society guidance in October 2024.

SCAI statements are primarily intended to help clinicians make
decisions about treatment alternatives. This consensus statement re-
flects the best available data at the time it was prepared along with the
accumulated experience of the authors’ expertise. The results of future
studies may require revisions to the recommendations in this statement
to reflect new data. This consensus statement is not intended to replace
physicians’ independent clinical judgment or medical advice, neither is
the consensus statement intended to exclude other reasonable alter-
native procedures. The consensus statement is provided as a courtesy
but not intended as a sole source of guidance in the evaluation of pa-
tients in need of aortic valve therapies. The ultimate judgment
regarding any specific therapy must be made by the physician and the
patient considering all circumstances presented by the individual pa-
tient and their illness and condition.
Imaging evaluation of access
Consensus Statements:
� A 2-scan strategy including an electrocardiogram (ECG)-gated
scan of the aortic root and heart, immediately followed by a
non–ECG-gated scan of the neck, thorax, abdomen, and pelvis
during a contrast first-pass should be performed and analyzed in
planning nonfemoral access TAVR
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Computed tomography angiography acquisition and analysis

Volume (multislice) computed tomography angiography (CTA)
with a large detector array is the preferred imaging modality for
alternative access TAVR planning. It allows for a comprehensive
evaluation of all access sites. Best practices for CTA acquisition
include coverage that routinely extends from the base of the
mandible (to incorporate carotid and proximal axillary arteries) to the
proximal third of the thighs. To optimize image quality and contrast
and radiation dose, a 2-step strategy is preferred: an ECG-gated
volume scan of the aortic root and heart, followed immediately af-
terward by a non–ECG-gated scan of the vasculature including the
neck, thorax, abdomen, and pelvis.10 This can be achieved using 0.6
to 1.0 mL/kg of contrast administered once before the 2 combined
acquisitions. For patients with kidney disease, minimal contrast
should be used in an effort to reduce contrast-related kidney injury.
Protocols requiring 0.2 of 0.5 mL/kg with slower flow rates and lower
tube potential have been shown to be safe and to yield adequate
image quality.11–13 All computed tomography (CT) acquisition pro-
tocols should incorporate biphasic contrast administration, consist-
ing of contrast injection followed immediately by saline flush. This
can help avoid a streak artifact of undiluted contrast in the right
heart, interference with aortic imaging, and minimization of poten-
tially nephrotoxic excess undiluted contrast.12 If iodinated contrast is
contraindicated, a noncontrast CT for calcium assessment can be
obtained in combination either with an arterial doppler ultrasound
for sizing and disease assessment or with cardiovascular magnetic
resonance imaging.14,15

Vascular access analyses should be performed using slices of
�1.5 mm.10 Most modern scans can provide slices of <0.5 mm. A
comprehensive assessment of the valve delivery pathway is essen-
tial, including a detailed review of potential vascular access sites.
Analysis should use curved multiplanar reformatting software tools
to provide minimal lumen diameter, calcium burden (location, depth,
and circumferential involvement), vessel tortuosity and arterial pa-
thology (plaque, aneurysm, and dissection), and locations of nearby
structures. The minimal lumen diameter for each currently
FDA-approved valve is shown in Table 1. Operators are encouraged
to carefully analyze image reconstructions on patients requiring
alternative access.
Axillary/subclavian approach
Consensus statements:
� Percutaneous axillary access should be learned through proctor-
ship and experience at least for the first 2 to 3 procedures; op-
erators should be prepared to use additional bailout strategies to
treat bleeding or vascular complications.

� Transaxillary access may be associated with a higher risk for
neurologic complications, thus other extrathoracic access tech-
niques should be favored compared with transaxillary access.
Table 1. Minimal vessel diameter for current FDA-approved transcatheter aortic va

Company Transcatheter heart valve Valve

Edwards Lifesciences SAPIEN 3 Ultra 20, 2
29

Medtronic Evolut FX/Evolut PROþ/Evolut R 23, 2
Evolut FX/Evolut PROþ 34
Evolut R 34

Abbott Navitor 23, 2
27, 2
The axillary artery is an attractive route due to its extrathoracic
location, relative ease for surgical or percutaneous access, and is of
sufficient size for TAVR delivery systems. Transaxillary (infraclavicular)
TAVR is often described incorrectly as trans-subclavian. Supraclavicular
access via the true subclavian artery is uncommon, has been described
via surgical exposure, and is difficult to distinguish from transaxillary
access in large data sets.16
Patient screening/equipment/procedure

Although transaxillary access can be performed from a left-sided or
right-sided approach, the left side may be preferred. The left axillary
artery typically allows more favorable delivery angles relative to the
aortic valve, appears less tortuous, and preserves the innominate artery
for cerebral embolic protection, if necessary. Little evidence exists on
this topic, although data from large-bore access registries for me-
chanical circulatory support suggest no significant difference in out-
comes using either right or left access.17,18 Relative contraindications to
axillary artery access include an ipsilateral internal thoracic artery to
coronary artery graft or axillary artery diameter 2.0 mm smaller than the
expanded TAVR access sheath diameter. The presence of a pacemaker
or defibrillator generator may also preclude transaxillary access on the
ipsilateral side. Transaxillary access may cause greater radiation expo-
sure to operators compared with transfemoral approaches.
Percutaneous and surgical axillary access technique

SCAI has published a position statement on best practices for
percutaneous axillary arterial access, with detailed guidance on tech-
nique.4 A detailed description of surgical transaxillary access has
recently been published with step-by-step instructions.19
Postprocedural care and complications

Monitoring for hematoma and vascular complications is critical
postprocedurally. The tissue planes associated with axillary access can
accommodate a large amount of bleeding before it becomes clinically
evident to staff. On discharge, patients should be instructed to avoid
lifting >10 lb or raising the accessed limb above shoulder height for 1
week.

Close neurologic monitoring is important in light of the higher risk of
stroke, to allow interventional neurorescue if appropriate. Some oper-
ators prefer local anesthesia to facilitate neurologic surveillance.20

Brachial plexus injury remains a risk of either surgical or percutaneous
approach.
Outcomes

Table 220–39 summarizes important observational outcome studies
of transaxillary TAVR. The largest data set of transaxillary TAVR was
lves

size (mm) Sheath size (F) Minimal vessel diameter (mm)

3, 26 14 �5.5
16 �6.0

6, 29 14 �5.0
18 �6.0
16 �5.5

5 14 �5.5
9 15 �6.0



Table 2. Representative observational studies of nonfemoral access approaches for TAVR.

Reference, year Enrollment
period

Patients STS 30-d
PROM

30-d
Death (%)

30-d
StrokeþTIA (%)

LT or major
bleeding (%)

Major vascular
complication (%)

Length of stay (d)

Transaxillary access
Sch€afer et al,21 2017 2010-2016 100 7.2 � 5.2 6.0 1.0 3.0 11a 7.9 � 4.3
van der Wulp et al,22 2019 2008-2016 362 Not

reported
5.2 1.7 11.9 5.2 6 (range, 4-8)

Gleason et al,23 2018 2010-2014 202 9.7 � 5.9 5.4 7.4 39 11.9 8.3 � 6.5
Dahle et al,24 2019 2010-2018 1180 7.7 � 5.8 5.4 6.3 Not

reported
2.5 3 (IQR, 2-5)

Debry et al,25 2020 2010-2018 113 5.8 (3.9-8.6) 5.5 3.5 3.6 8.0 9 (IQR, 6-11)
Amer et al,26 2020 2016-2018 38 12.0 � 9.5 2.6 7.9 2.6 0.0 5.11 � 4.77
Ooms et al,20 2021 2018-2020 35 4.3 � 1.8 2.9 5.7 11 17.1 5 (IQR, 3-8)
Lederman et al,27 2022 2017-2020 106 5.7 (4.0-8.5) 6.6 13.0 13.2 0.9 6.2 � 6.0
Kirker et al,28 2020 2015-2019 1576 7.0 � 5.39 5.2 7.4 Not

reported
2.2 3.0 (IQR, 2.0-5.0)

Allen et al,29 2023 2015-2021 1142 7.1 � 5.1 4.3 5.9 10.6 2.5 3.0 (IQR, 2.0-4.0)
Giordano et al,30 2022 2019-2021 432 4.0 4.4 5.8 6.7 8.8 8.6
Weighted mean n ¼ 5286 7.0 5.0 6.2 11.8 3.8 4.2

Transcaval access
Greenbaum et al,31 2017 2014-2016 100 9.6 � 6.3 8 5 18 19a 4 (IQR, 2-6)
Costa et al,32 2020 2014-2019 50 8.6 � 6.7 4 2 4b 14a 4 (IQR, 3-7)
Barbash et al,33 2021 2019-2021 20 4.1 (2.9-4.9) 10 10 10 5a 6 (IQR, 4-7)
Lederman et al,27 2022 2017-2020 238 5.0 (3.2-8.4) 5.9 2.9 10.1 2.5 4.8 � 5.5
Michail et al,34 2022 2016-2021 8 0 0.0 0.0 0.0 0.0 2
Weighted mean n¼416 6.40 6.2 3.6 11.1 7.1 4.5

Transcarotid
Debry et al,25 2020 2010-2018 201 5.5 (3.5-8.1) 4.5 7.0 5.5 8.5 8 (IQR, 6-11)
Junquera et al,35 2022 2015-2019 127 4.7 (3.2-6.8) 4.7 2.4 4.7 2.4 5.7 � 3.4
Folliguet et al,36 2019 2013-2015 435 b 4.1 4.4 c c
Chamandi et al,37 2018 2012-2017 101 6.6 � 5.7 5.0 3.0 4.0 3.0 8 (IQR, 6-11)
Overtchouk et al,38 2019 2014-2018 314 b 3.2 1.6 4.1 1.6 7 (IQR, 5-10)
Watanabe et al,39 2018 2012-2017 83 6.4 � 3.3 8.4 1.2 c 1.2 12.4 � 7.7
Amer et al,26 2020 2018-2020 33 15.1 � 8.6 0.0 3.0 6 3.0 4 � 2.7
Kirker et al,28 2020 2015-2019 788 7.6 � 5.51 4.1 4.1 c 1.5 2.0 (IQR, 2.0-4.0)
Allen et al,29 2023 2015-2021 576 7.1 � 5.2 3.6 3.1 8.2 2.1 2.0 (IQR, 2.0-4.0)
Weighted mean n ¼ 2658 7.1% 4.1 3.6 6.3 2.4 4.2

LT, life-threatening; PROM, predicted risk of mortality; STS, Society of Thoracic Surgeons; TIA, transient ischemic attack.
a Includes bailout stent-graft implantation. b Valve Academic Research Consortium 3 type 2þ. c Nonstandard definition.
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reported from the Society of Thoracic Surgeons (STS)/American Col-
lege of Cardiology (ACC) Transcatheter Valve Therapy (TVT) Registry in
1249 patients who underwent transaxillary TAVR using the SAPIEN
balloon-expandable system.24 In the transaxillary group, Dahle et al24

reported a high procedural success rate of 97.3%, with a low major
vascular complication rate of 2.5%, but a stroke rate of 6.1%. Such re-
ports often do not classify covered-stent implantation (a common part
of transaxillary access) as a vascular complication, which confounds
comparisons with other approaches. The CoreValve Extreme Risk US
Pivotal trial reported a stroke rate of 7.5% in patients undergoing
transaxillary approach40 and a stroke rate of 6.5% in the CoreValve
United States Pivotal Trial Program among patients undergoing trans-
axillary TAVR.23 These findings are consistent with a class effect of
higher-than-expected stroke rates with transaxillary access rather than a
valve-specific effect.

The ACCESS study, the largest prospective multicenter trial spe-
cifically for transaxillary access for TAVR to date, provides important
data on contemporary outcomes.41 The procedural access success
rate was high at >97%, vascular access complications requiring
intervention was 6.7%, and an overall stroke rate of 8.0% (4.0% of
which were debilitating). The ACCESS study did not demonstrate a
significant difference in other procedural adverse events, length of
stay, or 30-day outcomes related to right vs left laterality or in patients
who underwent a completely percutaneous approach vs surgical
cutdown. Compared with surgical access, percutaneous transaxillary
access was associated with greater use of moderate sedation, shorter
hospital stays, and lower ICU utilization. Pacemakers were more
common after surgical access, and other outcomes were similar,
including stroke.42
In summary, despite high rates of procedural success, peri-
procedural stroke rates are consistently elevated in the 6% to 8%
range with the transaxillary approach and appear independent of
valve selection, surgical vs percutaneous access, laterality, or center
experience.
Transcaval approach
Consensus statements

� Preprocedural CT should be performed and analyzed to identify
transcaval access targets, their position relative to fluoroscopic
landmarks, and projection angles and to facilitate contingency
planning for bailout covered stents.

� Transcaval access should be learned through teaching, proctor-
ship, and review at least for the first 2 to 3 procedures.

The premise of transcaval access is that in a closed retroperitoneal
space, interstitial pressure exceeds venous pressure. Aortic bleeding
therefore can safely decompress directly into the venous system
through a nearby IVC hole, rather than accumulate as retroperitoneal
hemorrhage. Isolated IVC holes in the closed retroperitoneum do not
generally cause important bleeding. In addition, iliofemoral veins are
larger and more elastic than iliofemoral arteries to accommodate large
sheaths. These observations demonstrate that transient aortocaval fis-
tula as part of transcaval access can be safely tolerated for TAVR,31

thoracic endovascular aortic repair,43 and mechanical circulatory sup-
port such as Impella (Abiomed).44



M. Sherwood et al. / Journal of the Society for Cardiovascular Angiography & Interventions 4 (2025) 102514 5
Femoral vein transcaval access offers familiar transfemoral-like
operator ergonomics and reduced radiation exposure compared with
other nonfemoral artery access techniques, and similar risk of iatrogenic
stroke compared with femoral artery access.27
Patient screening, equipment, and procedure

A step-by-step guide to the procedure and list of necessary
equipment is published separately.5 A patient-specific CT-guided
plan identifies the access route and traversal angles, device sizes
required for balloon-aortic tamponade, and suitable bailout covered
stents.

Moderate sedation or general anesthesia are both feasible in
transcaval access. For traversal, a stiff conductive guide wire is delivered
within an insulating microcatheter, within a shorter microcatheter, within
a still-shorter curved IVC guiding catheter. For ensnarement, a loop
snare is draped across the right side of the aorta using a coronary
guiding catheter. The devices are positioned using CT-derived
orthogonal fluoroscopic projection angles, including a “bullseye” pro-
jection into the properly positioned aortic snare. The guide wire is
advanced while briefly energized via radiofrequency current as it exits
the IVC and crosses the aortic wall. Without further electrification, it is
advanced through the snare. The ensnared guide wire is advanced to
the high thoracic aorta. For TAVR sheath delivery, a very rigid guide wire
is exchanged through the microcatheter. The TAVR sheath is then
advanced from femoral vein to the aorta, and the TAVR device is
delivered per standard of care procedures.

For aortocaval port closure, after protamine reversal of unfractio-
nated heparin anticoagulation and positioning of a buddy/bailout
guide wire, a deflectable guiding catheter rotates a nitinol occluder
device sideways while its distal tip is partly exposed but constrained
(bulbed). The aortic disc of the nitinol occluder is then released side-
ways in the aorta lumen and retracted toward the cava. With the disc
abutting the aortic wall, the device neck is then exposed to anchor the
device and finally released, if suitably positioned.
Challenges and postprocedural care

With the transcaval TAVR sheath in place, the procedure is indis-
tinguishable from transfemoral. After TAVR, anticoagulation is fully
reversed before deployment of the nitinol occluder device to minimize
bleeding.

Completion aortography, preferably using digital subtraction and
breath-hold, reveals 3 patterns: complete occlusion, residual aortocaval
fistula, or hemorrhage. Only the third is actionable and should be
treated with immediate balloon-aortic tamponade using an oversized
compliant balloon at low pressure. If aortic closure is still unsatisfactory,
covered-stent implantation is required in approximately 1% to 2% of
cases.31,32 Rarely, patients with severe pulmonary artery hypertension
or right ventricular dysfunction do not tolerate residual left-to-right
shunting and require covered-stent implantation. Venous angiography
or intervention has never appeared warranted. Convalescence after
transcaval access follows standard transfemoral care pathways; next day
discharge is common, although the length of stay may be slightly higher
on average.27
Complications and outcomes

In an early prospective study that included systematic follow-up CT
(N ¼ 100) and independent source-data verification, transcaval TAVR
procedural success was 98%, major or life-threatening bleeding was
12%, transfusion was 35%, and major vascular complications (including
covered-stent implantation) were 13%. At 12 months, there were no
additional vascular complications, and only 1% of aortocaval fistulae
were proven patent.45 These complications were lower in a retrospec-
tive European series (N ¼ 50).32 In a contemporary retrospective series
(N ¼ 238), the rate of major or life-threatening bleeding was 10%,
transfusion was 19%, and major vascular complications was 3%.27

Transcaval and transfemoral access are essentially identical above
the diaphragm. The incidence of stroke and acute kidney injury appear
comparable between transfemoral (2%) and transcaval (3%) ap-
proaches,27 although early transcaval experience showed a slightly
higher stroke rate (5%)31; however, ineligibility for transfemoral access
confers a higher risk of all complications.46 In addition, the likelihood of
discharge directly home without stroke appears similar, in contrast to
transaxillary access.27 Outcomes may improve with adoption of best
practices,5 smaller TAVR delivery systems, and the development of
purpose-built access and closure systems. New operators may achieve
proficiency during fellowship or after 1 to 3 proctored procedures.5

Closure techniques can be simulated using an inexpensive benchtop
model/jig assembled from hardware store components.5
Transcarotid approach
Consensus statements
� Specialized cranial/cerebral imaging other than standard TAVR
protocol CTA studies should not be routinely performed for
transcarotid access planning.

� Transcarotid TAVR should be learned through teaching, proctor-
ship, and experience at least for the first 2 to 3 procedures.
The carotid artery is a convenient site for access owing to its
extrathoracic location, size, proximity to skin, ease of surgical exposure,
and often favorable angle to the ascending aorta. Early concerns for an
increased risk for stroke are not supported by contemporary outcomes
data. A step-by-step guide to the procedure has been published
previously.47
Preoperative imaging/evaluation

Standard TAVR CTA, which includes the lower carotid artery, is suf-
ficient to determine suitability for transcarotid access. Carotid duplex
ultrasonography, while no longer routine, may be useful in assessment
of transcarotid access.48–50 Additional cerebral imaging to document an
intact circle of Willis or CTA of the neck is unnecessary. Selection of the
right or left carotid artery is guided by transfemoral sizing criteria, vessel
tortuosity, and the presence of internal carotid artery stenosis. For some
operators, valve selection can be driven by planned carotid access
route. The carotid artery with the worst internal carotid artery stenosis
on carotid duplex should be used because this carotid will be occluded
during the procedure. A previous carotid endarterectomy is not a
contraindication but increases the risk of cranial nerve injury.
Carotid artery exposure/intraoperative monitoring

Transcarotid access is performed with general anesthesia in>90% of
patients and is usually preferred for patient comfort.28,29,50 Exposure of
the carotid artery requires minimal instruments and no special catheters
or techniques. The carotid artery is exposed low in the neck at the level
of the omohyoid through an incision parallel and anterior to the ster-
nocleidomastoid muscle. No adjunct cerebral monitoring is recom-
mended specific for transcarotid TAVR; however, maintaining systolic
blood pressure of >140 mm Hg is desirable.48,51,52 Transcarotid access
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may cause greater radiation exposure to operators compared with
transfemoral approaches.

The carotid artery is accessedwith a needle, and a soft tip guidewire is
passed into the ascending aorta. A small sheath is then inserted, the aortic
valve is crossed, and a coiled stiff wire is placed into the left ventricle. The
carotid artery distal to the stiff wire is clamped, and the more proximal
artery is snared with an umbilical tape with removal of the small sheath. A
transverse arteriotomy is made, incorporating the stiff guide wire that will
allow atraumatic insertion of the large sheath into the carotid artery. A self-
expanding transcatheter heart valve (THV) can be inserted using the inline
sheath; alternatively, an 18F sheath can be used to ease catheter ex-
changes for hemodynamic measurements and valvuloplasty if needed.
The balloon-expandable THV can be delivered using either the Certitude
(Edwards Lifesciences) or Commander (Edwards Lifesciences) delivery
system depending on operator preference.

Following valve deployment, the delivery system/sheath is
removed, the carotid arteriotomy is primarily repaired, and flow is
reestablished to the brain. The incision is closed without a drain after
the reversal of unfractionated heparin. Patients are extubated at the end
Figure 1.
Yearly trends in alternate access use for TAVR: (A) SAPIEN (3, Ultra, and Resilia) valves and
of the procedure and monitored briefly in a recovery unit before
transferring to the floor for routine care.

Outcomes

Transcarotid access has become the most commonly used non-
femoral access technique in North America (Figure 1). Large observa-
tional series of transcarotid access (Table 2) demonstrate acceptable
complication rates. The weightedmean stroke/transient ischemic attack
(TIA) rate at 30 days was 3.6%, while vascular complications were re-
ported at 2.4%, and major bleeding occurred at a weighted mean of
6.3%. These rates are compared with transaxillary and transcaval alter-
native access techniques below.

There are several potential explanations for the similar or lower
stroke rate with transcarotid access compared with other nonfemoral
access sites. During the procedure, clamping the distal common carotid
artery and flushing potential debris before unclamping may protect the
ipsilateral cerebral hemisphere from emboli. In addition, transcarotid
access typically avoids traversing the origin of the vertebral arteries and
(B) Evolut (R, PRO, PROþ, and FX) valves. TAVR, transcatheter aortic valve replacement.
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offers a direct route into the ascending aorta, thereby minimizing guide
wire and device interaction with the aortic arch.

In summary, transcarotid access is simple, does not violate the
thoracic cavity, reduces guide wire and catheter interaction with the
aortic arch, uses few disposable equipment, and is relatively easy to
teach while providing acceptably low stroke rates and short length of
stay.
Intrathoracic access: transapical and transaortic
Consensus statements:
� Extrathoracic (transcarotid, transcaval, and transaxillary/subcla-
vian) access should be preferred over intrathoracic (transaortic
and transapical) nonfemoral access for TAVR to reduce morbidity
and mortality.

Transapical and transaortic access

Currently, transapical and/or transaortic access are primarily
considered when transaxillary, transcaval, or transcarotid TAVR are
not feasible. Transapical TAVR was the first alternative access site for
TAVR and served as the primary alternative access for the PARTNER I
clinical trial, enabling antegrade placement of the valve through a
lateral apical incision. Transaortic access followed soon after,
providing an invasive technique for retrograde placement of the
valve. There was limited research into purpose-built technology for
direct transaortic access; however, it did not gain wide use due to its
invasive nature.53
Transapical TAVR—operative technique

The surgical approach to transapical TAVR has been illustrated and
described in detail in a previous publication.54 Preoperative chest CT
imaging guides proper location of the left anterior thoracotomy in the
fifth or sixth intercostal space; direct inspection and echocardiography
permit identification of the left ventricular apex where sutures will be
placed. The apex is accessed with a needle, and a soft J guide wire is
passed across the aortic valve with transesophageal echocardiographic
guidance into the ascending aorta. The guide wire is exchanged for a
stiff guide wire, and a large sheath is established in the left ventricular
apex. After valve deployment and assessment, the large sheath is
removed under conditions of rapid pacing, and the insertion site is
secured with purse-string sutures, taking care to avoid tearing of the
myocardium. Reinforcement stitches are placed as needed. The chest is
closed in standard fashion.
Transaortic TAVR—operative technique

Transaortic access TAVR has been described in step-by-step detail in
previous publications55,56 and is summarized here briefly. It is accom-
plished via an upper partial sternotomy or an anterior R thoracotomy.
Sutures are placed in the distal ascending aorta to control the large
sheath site. The center of the suture site is accessed, a sheath is placed,
and the aortic valve is crossed with a catheter and straight guide wire. A
stiff “working” guide wire is then established, and a large sheath is
positioned with ~2.0 cm depth in the aorta and held securely. The TAVR
valve and delivery system are then delivered to the annulus, and the
valve is deployed. After valve assessment, the large sheath is removed,
and the insertion site is secured with purse-string sutures.
Outcomes

A higher risk of adverse events with transapical (vs transfemoral)
TAVR was initially recognized from a substudy analysis within the
PARTNER I trial. Using propensity score matching, Blackstone et al57

compared transapical and transfemoral cases and found that patients
treated with transapical approach had higher early mortality, longer
length of stay, and longer overall recovery despite similar stroke rates
compared with those treated with transfemoral. In addition, a
single-center, observational study compared outcomes of patients who
underwent transapical vs transfemoral TAVR from 2011 to 2020.58

Despite higher early procedural risk associated with transapical TAVR,
5-year survival was similar to those seen in transfemoral TAVR.58

A recent meta-analysis compared extrathoracic vs intrathoracic TAVR
approaches in 18 studies published through 2023.59 More than 5000 pa-
tients treated with extrathoracic TAVR were compared with 6800 patients
who underwent intrathoracic TAVR. Intrathoracic access was associated
with an increased risk of all-cause mortality at 30 days and 1 year (relative
risk [RR], 1.99 and 1.31, respectively) vs extrathoracic TAVR. Intrathoracic
access was associated with a higher risk for major postoperative compli-
cations at 30 days compared with extrathoracic TAVR. This included a
higher risk for acute kidney injury requiring renal replacement (RR, 2.11;
95%CI, 1.53-2.92), life-threatening bleeding (RR, 1.71; 95%CI, 1.41-2.07),
and new-onset atrial fibrillation/flutter (RR, 2.69; 95%CI, 1.47-4.93). Those
undergoing intrathoracic access were also significantly more likely to be
discharged to a facility other than home (RR, 2.60; 95% CI, 1.12-6.04).
There was no difference in stroke rates between these approaches. In
summary, extrathoracic approaches appear preferable over intrathoracic
approaches when femoral access is unsuitable for TAVR.3,59
Augmented transfemoral access (IVL, percutaneous balloon
angioplasty, bare metal, and covered stenting)

Multiple reports and case series have demonstrated the feasibility of
iliofemoral intervention before transfemoral TAVR in patients with se-
vere calcific iliofemoral disease, the so-called crack-and-pave approach
where percutaneous balloon angioplasty and adjunct stenting is per-
formed in advance of transfemoral TAVR. This can be done either in a
staged fashion or as a concomitant approach. Alternatively, IVL of the
common and/or external iliac artery can facilitate transfemoral TAVR
access in selected individuals.60 The types of calcific lesions or patterns
of calcium distribution most amenable to IVL has not been clearly
defined. The relative risk of interventional endovascular approach
pre-TAVR vs standard transfemoral TAVR is not known. A recent
single-center observational study compared clinical outcomes in pa-
tients treated with traditional transfemoral TAVR vs transfemoral TAVR
with peripheral vascular intervention (PVI) vs nontransfemoral TAVR.
While the authors concluded that transfemoral TAVR and transfemoral
TAVR with PVI had similar clinical outcomes, nearly 90% of PVI was
performed as bailout for complications, and only 11% of PVI was per-
formed before TAVR to facilitate transfemoral access.61 Data published
from a nationwide claims database showed that clinical outcomes are
generally worse in patients who undergo PVI plus TAVR vs those who
undergo TAVR only,62 but they lack the granularity to understand
whether PVI was used to prepare for TAVR. These data did suggest that
whether PVI is used as bailout or to facilitate transfemoral TAVR, clinical
outcomes such as short-term mortality, hospital length of stay, and
30-day readmission may be better compared with nonfemoral, alter-
native access TAVR. Further research is necessary to explore the effi-
cacy, safety, and appropriate strategy for combining PVI with TAVR in
patients with peripheral artery disease. As TAVR delivery systems
improve and both experience and technology advances with
augmented transfemoral access (including the use of intravascular), this
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may become a more frequently chosen technique for patients with
prohibitive femoral vessels. Operators with greater peripheral inter-
vention experience may find this preferable to nonfemoral approaches.
Comparison of nonfemoral TAVR access approaches
Consensus Statements
� When anatomically feasible, transcarotid or transcaval access are
generally preferable to transaxillary access.

� The decision of alternative access route for TAVR should be
individualized to each patient based on CT evaluation of
anatomical factors, patient risk factors and preferences, and
multidisciplinary heart team discussions.
Table 2 shows representative studies of transcaval, transaxillary/
subclavian, and transcarotid access. No randomized comparisons of
nonfemoral access techniques are available. All published reports are
observational. The best available data are abstracted from the STS/ACC
TVT registry, and data collected from approximately 2016-2017 onward
particularly appear most applicable as they represent latest techniques
and latest generation of low-profile TAVR devices. Our recommenda-
tions derive from a survey of the published literature, clinical experi-
ence, and clinical judgment of a range of physician experts. All
complications appear to be higher in nonfemoral vs femoral access
cases, and this most likely reflects higher comorbidity and complexity
among patients ineligible for femoral access.46
Transcarotid vs transaxillary/subclavian

Table 2 suggests that mortality and major/life-threatening bleeding
and major vascular complications appear to be similar after transcarotid
vs transaxillary access. Stroke appears consistently less common after
transcarotid than that after transaxillary access. The rate of discharge
directly to home appears to be significantly higher after transcarotid
access than that after transaxillary access (83%-88% vs 70%-75%).

These inferences are best supported by a pair of propensity-
matched studies (N ¼ 4082) from the STS/ACC TVT registry
comparing transcarotid with transaxillary approaches for the most
common balloon-expandable28 and self-expanding29 TAVR devices.
Transcarotid access using a CoreValve29 (Medtronic) was associated
with a lower stroke rate at 30 days (3.1% vs 5.9%; P ¼ .017) and 1 year
(3.4% vs 7.2%; P ¼ .003), with transaxillary access being a multivariable
predictor for stroke (hazard ratio, 2.14; 95% CI, 1.27-3.58; P ¼ .004) or
stroke or death (hazard ratio, 1.63; 95% CI, 1.11-2.42; P ¼ .014) at 30
days. Procedural benefits of transcarotid access included a shorter
procedure time (99 vs 118 min; P < .001), less fluoroscopy time (18.0 vs
18.8 min; P ¼ .02), shorter hospital length of stay (median 2 vs 3 days; P
< .001), and more frequent discharge to home (88.4% vs 80.7%; P <

.001).
An increased stroke signal was also observed at 30 days (7.4% vs

4.2%; P ¼ .003) with transaxillary vs transcarotid access in a propensity-
matched STS/ACC TVT Registry analysis using the SAPIEN 3 (Edwards
Lifesciences) THV.28 Similar to CoreValve, transcarotid access using
SAPIEN 3 was also associated with a shorter procedure time (117.0 vs
132.4 min; P < .001), reduced fluoroscopy time (16.6 vs 21.6 min; P <

.001), lower contrast volume (78.5 vs 96.7 mL; P<.001), shorter hospital
stay (2.0 vs 3.0 days; P ¼ .002), and more frequent discharge to home
(82.9% vs 74.6%; P < .001). Although there are no randomized com-
parisons, the benefits of transcarotid over transaxillary access appears
agnostic of THV type and supports the increasing use of transcarotid
access over transaxillary approaches.28,29
Transcaval vs transaxillary/subclavian

Table 2 suggests that the risk of mortality and major/life-threatening
bleeding are similar between transcaval and transaxillary access. Stroke
appears consistently less common after transcaval than that after
transaxillary access. Possible differences in major vascular complications
are unclear because studies variably classify covered-stent implantation
as routine rather than as a complication. The rate of discharge directly to
home appears to be significantly higher after transcaval access that that
after transaxillary access (93% vs 70%).

These inferences are supported by the single contemporary
comparison of transcaval and transaxillary access (n ¼ 344), which
used inverse-propensity weighting to correct for confounders.27

Nearly 350 patients at 8 centers who underwent TAVR through
transaxillary or transcaval access were compared, with >7100 pa-
tients undergoing transfemoral TAVR. Patients who underwent
transaxillary TAVR had significantly higher rates of stroke/TIA
compared with those undergoing transcaval TAVR or transfemoral
TAVR (13.2% vs 2.9% vs 2.1%, respectively; P < .001). Rates of major
or life-threatening bleeding were similar between transcaval and
transaxillary cases (10.1% vs 13.2%), both higher than those under-
going transfemoral TAVR (3.5%).

Synthesizing available observational data, transcarotid and trans-
caval access both appear to be superior to transaxillary and other
nonfemoral access approaches. Both appear to have a lower rate of
stroke and a higher rate of discharge directly to home than those of
transaxillary access. Figure 2 compares the unique features of all 3
approaches.

Transcarotid and transcaval approaches have not been compared
directly. While transcarotid requires low-risk surgical access, the
transcaval technique is fully percutaneous. In considering the logis-
tics, transcarotid access is better performed under general anes-
thesia, while transcaval TAVR is readily performed using moderate
sedation and has ergonomics indistinguishable from standard
femoral access. Potential cost differences between transcarotid
(additional cost of operative and anesthesia staff) and transcaval
(additional cost of equipment) appear difficult to ascertain. In situ-
ations where individual patient anatomy does not clearly favor
transcarotid or transcaval and both are feasible, the choice of access
can be left to the discretion of the local heart team based on
preference and experience.
Role of proctoring
Consensus statements
� Institution-specific structural heart teams should focus on gaining
proficiency in 1 or 2 alternative access techniques.

� Physician proctoring can be part of a comprehensive approach to
adding new skillsets for less experienced operators and should
involve a formal understanding of the role of the operator and
proctor in training in new techniques.
Alternative access approaches often involve developing new
skillsets. Techniques and best practices can be taught in fellowship;
for those already in practice, learning can be facilitated by published
“how to” articles, by didactic material developed by societies and/or
industry partners, by courses developed to teach new access skills,
and by case observation. Physician proctors play an important role
and provide valuable guidance to teams preparing to deploy a new
procedure or capability. SCAI has recently published a position
paper on the role of physician proctors,63 which is summarized here.



Figure 2.
Qualitative comparison of extrathoracic nonfemoral access routes for TAVR. Color indicates relative appeal: green, favorable; orange, neutral; red, unfavorable. TAVR, trans-
catheter aortic valve replacement.
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Role of physician proctoring

Physician proctorship helps to improve patient access to techniques
that improve medical care, including alternative access for TAVR.
Physician proctors do not have a doctor-patient relationship absent
overt or implicit mutual consent.64 Physician proctors must be proficient
in both technique and complication management. Proctorship should
be viewed as part of a “last mile” solution for new operators, including
didactic training, observing experts using the technique, and reviewing
the technique and patient-specific plans with experts immediately
beforehand, before “live” onsite proctoring. “Reverse proctoring,”
where teams travel to observe experienced operators perform alter-
native access procedures, are especially useful for both physicians and
staff. The onsite physician proctor’s role is one of an advisor; the ulti-
mate responsibility for all aspects of the procedure lies with the oper-
ative team. The patient should be made aware that a proctor will be
present and that the role of the proctor will be as an advisor and not
physician-operator. The proctor will be present in the procedure and
can be scrubbed so as not to risk sterility protocols but should not take
any physical role in the procedure. The proctor should participate in the
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case preparation in advance of the procedure and during the debrief
and help to assess the site’s readiness to proceed free of proctor. While
industry has traditionally played a significant role in providing proctor
training and support, it is recommended that institutions strongly
consider independent support of proctors and that societies engage in
training and certification of proctors when feasible.
Conclusions and future directions

There have been important advances in delivery systems and
techniques leading to more streamlined transfemoral TAVR ap-
proaches; however, as the overall number of patients undergoing TAVR
in an all-indications world has increased, alternative access remains a
significant challenge. Additionally, while new observational data with
current devices have provided insights into the safety of alternative
access practices, there are no prospective randomized trials in this area.
We acknowledge the lack of the highest quality of evidence in this
space and have done our best to synthesize the available evidence.

In light of the limited available data, when femoral artery access is
not suitable, it is our recommendation that extrathoracic access be
selected over intrathoracic access and that transcarotid and transcaval
approaches be preferred over transaxillary/subclavian access. All 3
extrathoracic nonfemoral access routes appear to confer similar mor-
tality, but transcarotid and transcaval approaches appear to confer
significantly lower risk of stroke across multiple published series as well
as significantly higher rates of direct discharge to home rather than to
nursing facilities. Head-to-head comparisons of transcarotid with
transcaval approaches are not available, and the literature does not
clearly support 1 route over another; we make no statement regarding
the preference between these routes and recommend either of these 2
routes (transcarotid or transcaval) when alternative access is needed.
Institutional and operator experience should be considered when
selecting an alternative access route in cases if patient anatomy does
not clearly dictate a preferred technique between transcarotid and
transcaval. Refinements in technique and development of novel tools
for alternative access will continue to develop and inform this decision.

While IVL and percutaneous angioplasty and stenting are frequently
used, limited data support aggressive attempts at transfemoral access
in the setting of small or excessively diseased iliofemoral arteries. There
is a need for rigorous studies to evaluate concomitant peripheral
intervention techniques (including IVL) used to facilitate transfemoral
access and to examine the safety and comparative effectiveness of PVI
plus TAVR with alternative nonfemoral access approaches to TAVR. For
these difficult cases, careful patient selection and a team-based
approach involving endovascular specialists is necessary for optimal
patient care.

When a site encounters a case requiring an alternative access
technique for which they lack requisite experience or a plan to acquire
it, we recommend transfer to a more experienced site to offer the best
possible care to the patient.

We believe SCAI and related societies should support standardized
training and proctorship of all vascular access approaches; whenever
possible, this should be independent of industry support. Given the
relative infrequency of alternative arterial access approaches, there is
likely a volume-outcome relationship with these access techniques.
Additionally, the variety of techniques available likely leads to signifi-
cant variation in clinical practice. As such, there is a clear clinical need to
standardize alternative access routes and best practices to improve the
technique and safety of these high-risk procedures. Repetition of best
practices will grow experience and competence among operators.

Finally, prospective comparisons of contemporary transcarotid and
transcaval access for TAVR to determine both short-term and long-term
efficacy and safety would be of value; however, given that frequently
only 1 of these access routes might be available in any given patient,
continued refinement and ongoing development of adjunct techniques
and equipment to improve ease of use and outcomes for both trans-
carotid and transcaval access should be pursued.
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