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Transcatheter aortic valve replacement has been available to treat aortic valve disease for just over a 
decade and in that time, its use has expanded rapidly around the world. All transcatheter aortic valve 
replacement procedures depend on having safe remote access to the aortic valve. If femoral access is not 
feasible or safe, nonfemoral access routes are imperative. This article will discuss the commonly used 
nonfemoral access routes and how they are achieved.
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Symptomatic severe aortic stenosis (AS) carries a 
high mortality rate if not treated. This has led to 
the inclusion of a class I recommendation for sur-
gical aortic valve replacement (AVR) in the Ameri-
can College of Cardiology/American Heart Asso-
ciation guidelines for patients with symptomatic 
severe AS. For over 60 years, AVR has served as the 
treatment of choice for AS and has saved countless 
lives. Unfortunately, there exists a population of 
patients whose age or co-morbidities makes them 
either an extreme risk or a high risk for open 
AVR. This represents between 30 and 60% of the 
patients with symptomatic severe AS, who are as a 
result denied surgical intervention. This popula-
tion increases with increasing age and will become 
a larger burden in the future. Transcatheter AVR 
(TAVR) has been developed as an alternative treat-
ment to surgical AVR in the extreme-risk and 
high-risk population who are deemed inoperable 
or too risky to operate on. The TAVR procedure 
enables AVR without performing open heart sur-
gery and cardiopulmonary bypass. The procedure 
involves implantation of a prosthetic heart valve 
within the diseased native aortic valve through a 
minimally invasive approach.

TAVR valve systems consist of a frame to hold 
the valve and to help push the native stenotic aortic 
valve leaflets out of the way, along with the valve 
itself and the delivery system. The TAVR proce-
dure consists of delivering a device into the stenotic 
aortic valve, expanding the frame of the device, 
deploying the valve and removing the delivery sys-
tem. The sine qua non of TAVR is a safe remote 
access to the heart and aortic annulus. 

TAVR approaches 
It is generally accepted that a transfemoral 
approach is the least invasive alternative and 

should be used whenever possible. Although 
refinements of the delivery systems are leading 
to development of smaller systems, the currently 
available transfemoral delivery systems in the 
USA range from 18 to 24 F, requiring minimal 
arterial luminal diameters of 6–8 mm. Push-
ing beyond the safe limits for femoral sheath 
and device delivery can lead to serious vascular 
complications and death. To avoid such vascular 
disasters, nonfemoral alternative access routes 
for TAVR have been developed and will be the 
subject of this paper. The ordering of the access 
routes discussed below is based on the current 
order of preference of the nonfemoral access 
approaches at the Houston Methodist DeBakey 
Heart and Vascular Center (TX, USA).

 n Subclavian artery access
Subclavian artery access was developed for use 
with the Medtronic CoreValve (Medtronic Inc., 
MN, USA) and its 18 F delivery system. Major-
ity of the experience gained so far is with this 
valve. With the availability of the Sapien XT 
(Edwards Lifesciences Corporation, CA, USA) 
with an 18 F delivery system, subclavian access 
with Sapien XT has also been carried out. A 
minimum luminal diameter of 6 mm in an 
uncalcified artery is necessary for safe subclavian 
access and increases to 7 mm in an artery with 
significant calcification. For implantation of the 
CoreValve from the left subclavian, the angle of 
the aorta from the horizontal should not exceed 
70° and from the right subclavian, it should not 
exceed 30°. Angles beyond these make axial 
alignment and proper placement of the valve 
increasingly difficult. In marginal arteries, the 
CoreValve can be placed bareback without the 
sheath. With the proximity to the annulus, this 
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allows great control. The drawback is that a valve 
pop out cannot be retrieved without the sheath 
although this is an infrequent problem.

The subclavian artery exits the chest over the 
first rib at the thoracic inlet and travels behind 
the mid clavicle as it descends below the lateral 

clavicle and becomes the axillary artery (Figure 1). 
A 2–4 cm incision in the deltopectoral groove 
is made. The most common mistake is to make 
the incision too medial before the artery has 
descended from behind the clavicle. The fib-
ers of the pectoralis major are split and the 
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Figure 1. Subclavian access. (A) Diagram showing site of incision for subclavian artery access. (B) Location of important anatomical 
structures encountered during subclavian access approach. (C) Exposed subclavian artery.  
(A) Reproduced with permission from [18]; (B) Reproduced with permission from [19]. 
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pectoralis minor can then be seen. This muscle 
can be retracted or divided to expose the sub-
clavian artery. The artery is punctured using a 
standard Seldinger technique and a 6 F sheath 
is placed within. Through this sheath, the valve 
is crossed and hemodynamic data is obtained. 
A super stiff Amplatz™ (Boston Scientific Inc., 
MA, USA) wire is then placed through the ven-
tricular pigtail and the pigtail is removed. The 
18 F sheath is placed over the stiff wire. Place-
ment over a soft wire can be done. However, it 
carries more risk, which we believe should be 
avoided. The sheath is advanced into the dis-
tal ascending aorta and the valve deployment 
is then performed in a standard fashion. Please 
refer to the ‘Subclavian access’ section in Box 1 for 
a step-by-step overview of the procedural tech-
nique. An advantage over femoral placement is 
the proximity to the area of deployment, less 
tension or energy stored in the system and a 
greater correlation between o perator  movement 
and valve movement.

Considerable data have begun to accumulate 
on subclavian access. Data from a 2-year Ital-
ian study showed that subclavian access gives 
comparable results to transfemoral access in 
matched pairs at 2 years [1]. Information has 
also become available to indicate that the left 
subclavian approach can be used safely with a 
patent mammary artery bypass [2]. The surgi-
cal cut down has been replaced in some cent-
ers with a percutaneous approach with initial 
success [3]. 

 n Direct aortic access
Direct aortic (DA) access was developed for 
CoreValve insertion in patients without ade-
quate femoral or subclavian access. DA access 
and transapical access, which will be discussed 
later, share several advantages. They are the 
most direct access routes for TAVR. Neither of 
the two methods is limited by peripheral vas-
cular disease or sheath size. Neither is limited 
by aortic angle and axial alignment is easy to 
achieve. Both methods avoid passing the device 
over the arch and allow precise deployment 
due to the straight path and proximity of the 
operator to the deployment site. DA access does 
have some advantages over transapical access. 
DA access can be done without a thoracotomy, 
which is required for transapical access. This 
causes less pulmonary impairment. DA access 
requires no injury to the myocardium. The 
aorta moves less than the cardiac apex which 
allows the DA sheath to be sewn firmly into 
place while the transapical sheath is generally 

held by an assistant. Bleeding around the DA 
sheath is rarely a problem but can be an issue 
for transapical access. The DA approach can 
be used for both the CoreValve and Sapien 
valve. All cardiac surgeons have considerable 
experience with replacing the ascending aorta 
and perform this procedure on a routine basis. 
However, fewer surgeons have experience with 
replacing the left ventricular apex, a significantly 
more difficult procedure. Hence, should severe 
problems arise with the ascending aorta, most 
surgeons are likely to be more comfortable with 
the DA approach.

When we developed our DA access program 
we began by looking at the surface anatomy of 
the chest wall and the cardiac valves [4]. Our 
group also has extensive experience in using small 
right anterior thoracotomy for arch debranching 
and hybrid thoracic endovascular aortic repair 
work that provides similar access to the aorta [5]. 
Additionally, our group uses both a small right 
anterior thoracotomy and a mini J sternotomy 
for standard surgical minimally invasive AVR. 
We combined this with the nascent literature 
on DA approach led largely by Giuseppe Brushi 
(Niguarda Ca’ Granda Hospital, Milan, Italy) 
[6]. This information was applied by the Cor-
eValve Direct Aortic Working Group to develop 
the DA approach for the CoreValve IDE trial in 
the USA.

DA access can be accomplished in a num-
ber of ways (Figure 2). Full sternotomy has been 
used to allow DA access for TAVR combined 
with off-pump coronary artery bypass, although 
this is currently an unusual approach. The most 
common approaches are through a small upper 
right J hemisternotomy into the second or third 
intercostal space, or a small right anterior thora-
cotomy through the second intercostal space, 
or by removing the second rib sternal cartilage. 
Finally, mini sternotomy allows the potential 
for port access TAVR, which has recently been 
accomplished [7]. We will, however, focus on 
mini sternotomy and mini thoracotomy as the 
 common approaches.

Mini J sternotomy
Mini J sternotomy begins with a 4 cm skin inci-
sion over the upper sternum. The sternal notch is 
dissected to allow access behind the sternum. The 
right intercostal space just below the sternal angle 
is dissected to allow access for the sternal saw. The 
sternum is opened to form a ‘J’ at the manubrium. 
It is divided from the sternal notch inferiorly in 
the midline and then angled into the right sec-
ond or third intercostal space. The mediastinal 
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fat is dissected away to reveal the innominate 
vein which will mark the distal extent of the 
ascending aorta. The takeoff of the innominate 
artery is generally easily identified at this point. 
We place a purse string of pledgetted 3-0 poly-
propylene suture in the proximal arch and place 

a 6 F sheath through this. A 5 F marker pigtail 
catheter is inserted through this sheath into the 
noncoronary sinus as a marker and for arteriog-
raphy. At the very beginning of the procedure, 
we perform a noncontrast  DynaCT scan which 
we map to the patient’s preprocedural screening 

Box 1. A step-by-step overview of nontransfemoral transcatheter aortic valve replacement access routes.

Subclavian access
 � Make a 2–4 cm incision in the deltopectoral groove 
 � Split the fibers of the pectoralis major
 � Retract or divide the pectoralis minor to expose the subclavian artery
 � Puncture the artery using a standard Seldinger technique 
 � Place a 6 F sheath within the artery
 � Through this sheath, cross the valve and obtain hemodynamic data
 � Place a super stiff Amplatz wire through the ventricular pigtail and then remove the pigtail 
 � Place a large sheath over the stiff wire
 � Advance the sheath into the distal ascending aorta and perform valve deployment in a standard fashion
 � Perform standard primary closure of artery

Direct aortic access
 � Mini J sternotomy

– Make a 4 cm skin incision over the upper sternum and dissect the sternal notch 

– Dissect the right intercostal space just below the sternal angle (2nd or 3rd intercostal space)

– Open the sternum to form a ‘J’ at the manubrium; divide it from the sternal notch inferiorly in the midline and then angle into the 
right second or third intercostal space

– Dissect the mediastinal fat to reveal the innominate vein 

– Place a purse string of pledgetted 3-0 polypropylene suture in the proximal arch and place a 6 F sheath through this

– Insert a 5 F marker pigtail catheter through this sheath into the noncoronary sinus 

– Place a double purse string of two concentric 3-0 polypropylene pledgetted sutures at this spot and insert a 6 F sheath

– Cross the valve through this sheath and place an angled pigtail catheter into the ventricle for obtaining baseline hemodynamic 
readings

– Place a precurved Amplatz super stiff wire into the ventricle and insert the large sheath 

– Once the sheath is inserted, securely suture it into place 

– Accomplish balloon aortic valvuloplasty and TAVR in a standard fashion

– Insert 24 F drain within upper mediastinum and perform hemisternotomy closure using standard stainless steel wires or rigid 
titanium plates fixation

 � Mini thoracotomy
– Make a 4 cm skin incision over the junction of the second rib and the sternum

– Remove the second costal cartilage

– If necessary, ligate the right internal mammary artery and vein and only place a soft tissue retractor 

– Dissect the mediastinal tissue over the aorta and suture the pericardium to the lateral wound edge to wall off the lung and provide 
exposure

– Place the purse string sutures and sheaths as in a mini sternotomy 

– Line up the sheath angle with the intended approach angle for the valve and secure the sheath into place

– Accomplish balloon aortic valvuloplasty and TAVR in a standard fashion

– Insert 24 F drain within the right pleural cavity and upper mediastinum followed by mini-thoracotomy closure in a standard fashion

Transapical access
 � Start with identification of the left ventricular apex using fluoroscopy
 � Make a 4–6 cm incision over the left ventricular apex and place a soft tissue retractor
 � Open the pericardium and suture it to the skin edges to expose and stabilize the apex
 � Place two concentric purse string sutures of pledgetted 3-0 polypropylene in the apex
 � Place a 6 F sheath into the ventricle and pass a soft wire antegrade across the valve and into the descending aorta
 � Use a catheter to exchange this for a stiff wire then place the large sheath and secure to purse strings 
 � Perform balloon aortic valvuloplasty and valve placement in a standard fashion
 � Maintain a rapid pace while removing the sheath and tying the purse string sutures to allow closure with limited ventricular pressure 
 � Drain the left chest and close the chest

TAVR: Transcatheter aortic valve replacement.
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CT scan (Figure 3). Our Siemens software then 
calculates an insertion point in the aorta that is 
axial and allows enough distance for insertion 
if we use a CoreValve (26-mm CoreValve has a 
deployed length of 55 mm and at least 10 mm is 
required for sheath insertion)  (Figure 4). A double 
purse string of two concentric 3-0 polypropylene 
pledgetted sutures are placed at this spot and a 6 F 
sheath is inserted. The valve is crossed through 
this sheath and an angled pigtail catheter is placed 
into the ventricle, and hemodynamic readings are 
obtained. A precurved Amplatz super stiff wire is 
then placed into the ventricle and the 18 F sheath 
is inserted. Unfortunately, there are currently no 
sheaths designed specifically for transaortic inser-
tion. One of the main issues is that the dilator 
is much too long, so care must be taken during 
insertion. In addition, with the current sheaths, 
there is no way to easily control insertion depth 
other than via manual control. Manual control is 
difficult to achieve as there is a release of pressure 
when the sheath/dilator interface pops through. 

To remedy this we place a silicone ring from a 
standard aortic cannula 1 cm from the end of 
the sheath and tie a suture behind it to lock it 
into place (Figure 5). Once the sheath is inserted, 
it should be securely sutured into place as the 
operator needs to be focused on implanting the 
valve and not concerned about the stability of the 
sheath. This also allows the operator to remain 
further removed from the radiation source as radi-
ation levels during DA and transapical access can 
be high due to operator proximity. Balloon aortic 
valvuloplasy and TAVR are then accomplished 
in a standard fashion with the caveat that precise 
deployment is greatly enhanced by operator prox-
imity to the deployment site and the straight path 
of the delivery system. Once finished, the sheaths 
are removed and the purse strings are tied similar 
to a standard aortic cannulation that is used daily 
in cardiac surgery. A soft drain is placed in the 
pericardium and the chest is closed (see ‘Direct 
aortic access’ and ‘Mini J sternotomy’ sections 
in Box 1).

Sternotomy Upper sternotomy Thoracotomy Port access?Incision
location

Incision size 
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Visualization Direct Indirect

12+ 5+ 4–5 –

Direct Direct

Figure 2. Direct aortic access approaches.
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fluoroscopy image
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acquired and registered 
to DynaCT

Aortic root segmentation 
from CT and planning 
for DA access

Figure 3. Anatomic details obtained on a preprocedural computed tomography and 
registered to a DynaCT acquired in the catheterization laboratory. Overlay of landmarks from 
the CT to the live fluoroscopic image provides guidance for valve deployment.  
CT: Computed tomography; DA: Direct aortic.
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Mini thoracotomy
A 4-cm skin incision is made over the junction 
of the second rib and the sternum. The second 
costal cartilage is removed. The procedure can 
be done just through the interspace and is well 
tolerated but this does limit the access and 
removal of the costal cartilage. The internal 
mammary artery and vein are ligated if neces-
sary and only a soft tissue retractor is placed. Use 
of a rib spreader will lead to a significant increase 
in pain and should be avoided if possible. The 
mediastinal tissue over the aorta is dissected and 
the pericardium sutured to the lateral wound 
edge to wall off the lung and provide exposure. 

Placement of the purse string sutures and sheaths 
is the same as in a mini sternotomy. It is impor-
tant to line up the sheath angle with the intended 
approach angle for the valve and then suture the 
sheath securely into place. When finished, a soft 
pleural drain is left in the right thoracic space 
(see ‘Direct aortic access’ and  ‘Mini thoracot-
omy’ sections in Box 1).

Each approach has its advantages and disad-
vantages. The mini sternotomy approach usually 
seems safer to most cardiac surgeons initially, as 
they are used to doing median sternotomy. While 
using this approach, getting out of a challenging 
situation can also be easier. In the virgin chest, 
it tends to be both quick and technically easy 
to perform. You do not enter the pleural space 
and more aortic ‘real estate’ is available for the 
surgeon to choose from. Achieving a straight 
axial approach can be more difficult than with a 
thoracotomy and on redo chests, as the presence 
of grafts behind the upper sternum can pose a 
risk. Mini thoracotomies can be safer in the redo 
chest and are generally more axial. Its disadvan-
tage is that there is generally less room to work 
with and the pleural space is transgressed. Decid-
ing which approach to use is a decision for the 
surgeon and the heart team to make; however, 
there are some general principles that are use-
ful. On the axial CT scan at the level of planned 
sheath insertion, we draw a line from the mid 
sternum directly back to the spine (Figure 6). If at 
least 50% of the aorta is not to the right of this 
line, a thoracotomy approach may be difficult. 
We then draw a line from the planned sheath 
insertion site to the skin and if this distance is 
over 6 cm, then a thoracotomy approach may be 
difficult. The most important issue is knowledge 
of what is behind the sternum and the risk of 
injury with either of these approaches. The final 
decision of thoracotomy versus mini sternotomy 
should be a heart team decision based on what 
is best and safest for that individual patient [8]. 

The US data on DA access for CoreValve will 
not be available until after the seminal IDE trial 
papers are presented. Data from Europe were 
presented in 2012 at the 48th meeting of the 
Society of Thoracic Surgery in Fort Lauderdale 
(FL, USA). Neal Moat from the Royal Bromp-
ton in London (UK) presented the European 
experience for CoreValve DA access [9]. A total 
of 93 cases were carried out of which 49 out of 
93 (52.5%) were mini thoracotomies and 44 out 
of 93 (47.5%) were mini sternotomies. The pro-
cedural success was 92 out of 93 (98.9%). Out-
comes included a 30-day mortality of nine out of 
93 (9.7%), stroke rate of three out of 93 (3.2%), 
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Figure 4. Calculation of insertion point in the aorta for CoreValve. 
Ao: Aorta; L: Left; LCC: Left coronary cusp; R: Right; RCC: Right coronary cusp.

Figure 5. A silicone ring placed on a 
standard aortic cannula 1 cm from the end 
of the sheath to control insertion depth.
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life-threatening bleeds (as defined by the Valve 
Academic Research Consortium) in four out of 
93 (4.3%) and no dissections. The incidence of 
major vascular injury as defined by the Valve Aca-
demic Research Consortium was four out of 93 
(4.3%) and new pace maker placement was 16 
out of 93 (17.2%). Notably, 21.6% of the cases 
had been carried out in the first 54 months and 
78.4% were carried out in the last 12 months of 
the study, highlighting the rapid adoption and 
growth of this approach. The European experi-
ence with Sapien DA access was presented at this 
same meeting by Vinnie Bapat from St Thomas’ 
Hospital in London (UK) [10]. A total of 158 cases 
were carried out of which there were 138 mini 
sternotomies (87.3%), 14 mini thoracotomies 
(8.8%) and six full sternotomies (3.9%). All-
cause mortality was 11 out of 158 (7%) and there 
were no strokes. Both series show very acceptable 
results for the contingent of critically ill patients. 
DA access and transapical access have been com-
pared in an US series [11]. Both were found to 
have similar device success rates and safety end 
points such as death, myocardial infarction and 
stroke. The DA approach was associated with 
less bleeding and vascular events (27 vs 46%), 
shorter median intensive care unit length of stay 
and a better learning curve. This direct compari-
son represents a small early e xperience, which is 
none the less interesting.

 n Transapical access
The transapical access for TAVR was first car-
ried out by a Vancouver team and reported in 

2006 [12]. Other investigators quickly added to 
the development of this approach [13–15]. Transapi-
cal and DA access share the attribute of being 
the most direct access methods for TAVR and 
the additional simplicity of being an antegrade 
approach. Using an antegrade approach is gener-
ally technically easier than a retrograde approach 
for crossing the stenotic aortic valve. Transapical 
access is not limited by sheath size, aortic angle 
or peripheral vascular disease. It avoids pass-
ing the device but not the guide wire across the 
aortic arch. The proximity of the operator and 
direct path of the delivery device allows one to 
one correlation between operator movement and 
valve movement. Disadvantages include the need 
for a thoracotomy in all cases, the need to pen-
etrate the myocardium and the less stable and 
more mobile nature of the left  ventricular apex 
 compared with the ascending aorta.

Transapical access starts by identifying the left 
ventricular apex using fluoroscopy as its position 
can be highly variable. A 4–6 cm incision is made 
over the left ventricular apex and a soft tissue 
retractor is placed. A rib spreader can be used 
but causes much more pain post implant and 
should be avoided if possible. The pericardium 
is opened and sutured to the skin edges to expose 
and stabilize the apex. Two concentric purse 
string sutures of pledgetted 3-0 polypropylene 
are placed in the apex with care taken to avoid 
the left anterior descending coronary artery. A 
6 F sheath is placed into the ventricle and a soft 
wire is passed antegrade across the valve and into 
the descending aorta. A catheter is then used to 

Figure 6. Choosing the most suitable approach route using axial computed tomography. 
(A) A line is drawn from the sternum to the spine. For a right thoracotomy approach you would like 
to see 50% of the aorta to the right of this line at the intended access level. (B) A line drawn from 
the intended access spot to the skin should be less than 6 cm for comfortable right thoracotomy 
access.
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exchange this for a stiff wire and the sheath is 
placed. The Sapien valve has a sheath designed 
specifically for transapical use. Balloon aortic 
valvuloplasy and valve placement can then take 
place in a standard fashion. When removing the 
sheath and tying the purse string sutures, it is 
helpful to maintain a rapid pace to allow closure 
with limited ventricular pressure. The left chest 
is then drained and the chest is closed (see the 
‘Transapical access’ section in Box 1).

Comparing transapical to transfemoral access 
is difficult as you are not comparing apples 
to apples. By definition, transapical patients 
have severe peripheral vascular disease which 
is a known marker for risk of mortality and 
morbidity. Experienced centers have reported 
excellent results with transapical TAVR but 
most acknowledge a reasonably steep learning 
curve with this approach. With time, the use 
of transapical access may decrease and use of 
DA access may increase. However, its use will 
not stop because it is the most commonly used 
route for antegrade access and an excellent access 
route for the mitral valve. The main advantages 

and disadvantages of each of the access routes 
discussed in this manuscript are listed in 
TaBle 1. However, the final choice of route of 
access should be made by the heart team with 
the safety of each individual patient carefully 
considered. Figure 7 illustrates our algorithm for 
access selection in TAVR patients.

 n Other nonfemoral access approaches
For patients who are not candidates for femo-
ral, subclavian, DA or transapical access, trans-
carotid access has been pioneered by a group at 
Emory [16]. Even antegrade transseptal TAVR is 
being reconsidered [17].

Complications
Complications from alternate access TAVR pro-
cedures can occur and are similar to most cardiac 
procedures. Of note, proper preoperative plan-
ning and consideration of all clinical and imaging 
data is essential for avoidance of access complica-
tions. The TAVR team should be familiar with all 
potential access techniques and offer the patient 
the most appropriate approach to minimize the 

Table 1. Advantages and disadvantages of different nontransfemoral 
transcatheter aortic valve replacement access routes. 

Approach route Advantages Disadvantages

Subclavian Proximity to the annulus
Peripheral access
Quick recovery
Usually minimal calcification
Usually minimal tortuosity

Usually limited by size (6–7 mm)
Angle of the aorta from the horizontal 
should not exceed 70° from the left 
subclavian and 30° from the right 
subclavian

Direct aortic Direct access route 
Straight path and proximity to 
deployment site 
No myocardial injury
Not limited by peripheral vascular 
disease, sheath size and aortic angle
Axial alignment easy to achieve
Avoids passing device over arch

Requires surgical incision and partial 
sternotomy

Direct aortic: mini 
sternotomy

Quick and technically easy in virgin 
chest
Easier to get out of challenging 
situations
Does not enter the pleural space 
Availability of more aortic ‘real estate’ 

Presence of grafts behind the upper 
sternum can pose a risk in redo chests

Direct aortic: mini 
thoracotomy

May be safer in the redo chest 
Away from left internal mammary 
artery and vein grafts in redo cases
Generally more axial

Less room to work with 
Transgression of pleural space

Transapical Direct access route 
Antegrade approach
Not limited by sheath size, aortic angle 
or peripheral vascular disease
Operator proximity
Direct delivery path allows great 
control

Invasiveness of thoracotomy 
Penetration of myocardium 
Less stability of the left ventricular apex 
compared with the ascending aorta 
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Transfemoral access

Transapical access

Subclavian access
Yes

Yes

Yes

No

No

Criteria for mini sternotomy
– Is it a virgin chest?
– Is it a redo with nothing close to
   the sternum on CTA?

Criteria for mini thoracotomy
– Are there things such as grafts present behind
   the upper sternum that can be injured?
– Is at least 50% of the aorta to the right of the
   center line from the sternum to the spine?
– Is the distance from the proposed sheath insertion
   site to the skin not more than 6 cm?

Criteria for subclavian access
– Is the luminal diameter ≥6/7 mm in a
   calcified/uncalcified artery?
– Is the angle of the aorta from the horizontal
   ≤70° from the left subclavian and 30° from
   the right subclavian?

Mini sternotomyMini thoracotomy

No

Yes

No

Patient evaluation for TAVR
– High-quality thin-slice CT with contrast
– Optimal arteriography and intravascular
   ultrasound

Criteria for transfemoral access
– Is the luminal diameter ≥6/7 mm in a
calcified/uncalcified artery?

Other access routes

Criteria for transapical access
– Is the Sapien valve being used?
– Is the upper mediastinum very hostile?

Assessment for direct aortic access
– The choice of the type of direct aortic 
   access method used depends on the surgeon

Yes

No

Figure 7. Algorithm for selection of access route.  
CT: Computed tomography; CTA: Computed tomography angiography; TAVR: Transcatheter aortic 
valve replacement.
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potential for complications. Figure 7 explains our 
algorithm for access selection and technical details 
important for avoiding complications. Avoiding 
problem areas (excessive calcification, tortuosity, 
fragile tissues and grafts) is important in these 
often very frail patients. Meticulous surgical 
technique is important for minimizing bleeding, 
embolization and cardiovascular injury. A com-
pletely dry field is important prior to chest closure 
in DA approaches. Catheters and stiff wires should 
be carefully manipulated under direct fluoroscopy 
to prevent cardiac or vascular perforation. 

Conclusion
TAVR has proven to be a reasonable approach for 
the treatment of symptomatic severe aortic ste-
nosis in high-risk and extreme-risk patients, and 
is currently in randomized trials in intermediate-
risk patients. All TAVR procedures require a 
safe, reproducible and distant access to the aor-
tic valve for device deployment. Transfemoral 
access is generally accepted as the least invasive 
and front-line approach. For patients that do not 
have adequate femoral access, the heart team 
must know the alternative options, their finer 
technical points and potential complications. 
The final decision on the access route should 
always be a heart team decision.

Future Perspective
Enhanced imaging and closure devices will con-
tinue to improve the performance and safety of 
alternative access routes for TAVR. Specifically, 
novel imaging software programs can facili-
tate visualization of the aortic root and allow 
for patient-specific modeling that can guide a 

more precise and predictable valve deployment. 
Furthermore, next-generation TAVR platforms 
will likely become smaller in size (14 F or less) 
and more maneuverable, which may reduce 
the need for nonfemoral access. Furthermore, 
catheter-based valves will also undergo further 
modifications to minimize paravalvular leaking, 
heart block and migration. Similarly, nonfemoral 
approaches are constantly improving. Percutane-
ous subclavian access is currently performed by 
several groups in Europe. Closure devices for the 
left ventricular apex are under development and 
percutaneous transapical access is already a real-
ity in the lab and will likely be trialed in the not 
too distant future in humans. Thoracoscopic port 
access and DA access have been accomplished in 
humans and could someday become a common 
reality. The future prospects for nonfemoral 
access becoming easier and safer are bright.

Acknowledgements
The authors acknowledge Maitreyi Muralidhar, employee 
of Houston Methodist DeBakey Heart & Vascular Center, 
for editorial assistance in manuscript preparation and 
 styling as per journal requirements.

Financial & competing interests disclosure
B Ramlawi is a consultant at Atricure, Inc. M Reardon is 
a consultant and on the advisory board at Medtronic, Inc. 
The authors have no other relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript apart from those 
disclosed.

No writing assistance was utilized in the production of 
this manuscript.

Executive summary

 � The transfemoral route is generally preferred but it will not be feasible in all patients due to vessel caliber, calcification or tortuosity. 
 � Alternative access to the aortic valve should be readily adopted and considered to minimize vascular complications and bleeding.
 � Knowledge of all viable alternative, nonfemoral access routes is imperative for a successful transcatheter aortic valve replacement team 

and patient safety. 
 � This paper describes the currently used common alternative nonfemoral access routes and how they are performed.
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