L))

Check for
updat

Review Article

Page 1 of 8

Transcatheter aortic valve replacement with a focus on
transcarotid: a review of the current literature

Issa Pour-Ghaz', Joel Raja', Mahmoud Bayoumi', Theodore Manolukas', Rami N. Khouzam’,
Uzoma N. Ibebuogu’

'Department of Internal Medicine, *Division of Cardiovascular Diseases, Department of Medicine, University of Tennessee Health Science Center,
Memphis, TN, USA

Contributions: (I) Conception and design: I Pour-Ghaz, UN Ibebuogu, RN Khouzam; (II) Administrative support: UN Ibebuogu, RN Khouzam; (IIT)
Provision of study materials or patients: None; (IV) Collection and assembly of data: I Pour-Ghaz; (V) Data analysis and interpretation: I Pour-Ghaz;
(VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Issa Pour-Ghaz, MD. Internal Medicine Resident Physician, PGY-2, University of Tennessee Health Science Center 956 Court
Ave., Suite H314, Memphis, TN 38163, USA. Email: ipourghaz@gmail.com.

Abstract: Valve replacement in high-risk patients with severe aortic stenosis has undergone a huge
paradigm shift in the recent years in terms of procedural details and vascular access site for patients who
have poor peripheral access. Carotid artery is one of the more promising access sites which has been proven
to provide a good alternative site with comparable outcomes to transfemoral approach. In this manuscript,
we will provide a review of the current literature on transaortic, transapical, transaxillary and transcarotid

approaches to transcatheter aortic valve replacement (TAVR) while focusing on the transcarotid approach.
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Introduction

Aortic valve disorders comprise the most common type of
valve disorders and its prevalence of moderate to severe aortic
stenosis (AS) can be as high as 2.8% in the population aged
75 years and older (1). Surgical aortic valve replacement
(SAVR) has traditionally been the gold standard for treatment
of severe symptomatic AS. Since transcatheter aortic valve
replacement (TAVR) was first performed in 2002, it has
emerged as an acceptable therapeutic option for such patients
who are at high-risk for SAVR and accounts for approximately
80% of the procedures (2-5). More recently, TAVR has
shown promising results in intermediate and low risk
groups (6-8). In addition to the more common transfemoral
approach (TF), there is a multitude of approaches for TAVR
including transapical, transaxillary, transcaval, transaortic,
and transcarotid which account for the remaining 20% of the
procedures while the TC itself accounts for approximately
10% of the alternative procedures (2,9,10).
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Discussion
Transfemoral

TF has become the preferred access for TAVR due to its
proven superiority compared to other approaches and
is favored by the international guidelines and accounts
for approximately 80% of the procedures (11,12). Its
superiority in terms of procedural outcomes has been
extensively studied and proven in cohort studies with
lesser procedural mortality and higher success rates (13).
The percutaneous puncture and suture pre-closure are the
preferred techniques for the TF with ideal vessel entry
point being between the inferior epigastric artery and the
femoral bifurcation (14). However, even though the TF is
the optimal approach for TAVR, in up to a third of the cases
this route may not be optimal. Primary contraindications
include unsuitable iliofemoral vessel size, a tortuous
anatomy, or significant atherosclerotic disease, hence,
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alternate routes of implantation are required (2,15,16).
For this purpose, the multimodal investigation by utilizing
echocardiography, computed tomography (CT) and cardiac
magnetic resonance (CMR) imaging of structural heart
disease are of utmost value (17).

Echocardiography is of extreme importance in planning
of TAVR due to its ability not only to visualize the valve
and provide important information regarding the cardiac
function, but also adding information regarding the aortic
root complex, aortic annulus, calcification and aortic
valve area (18). Transthoracic echocardiography and
transesophageal echocardiography are also applied during
the procedure for assessment of pre- and post-procedure
valve function and assessment of valve function in
follow-up (19). CT is also vital in procedural planning
and assessment of patient vasculature prior to surgery.
It can provide great details of the aortic root, aortic
valve dimensions, aortic annulus, and aortic angle (20).
It can also provide outstanding details regarding the
peripheral vasculature anatomy, aorta, iliofemoral vessels
and atherosclerosis burden, as well as carotid artery
anatomy (21). These data points all play an important
role when planning the best route for approach of TAVR
and follow-up after deployment (22,23). CMR imaging is
another method used for aortic valve assessment. Similar to
CT of aortic valve, CMR can provide information regarding
the valve size, severity of AS, best approach to be used and
post-implant follow-up (24). More importantly it can be
used for TAVR planning in patients with contraindication
to CT imaging due to comorbid conditions or allergies.
Mayr et al. showed that there was good correlation between
CT and CMR for TAVR procedure planning in terms of
aortic annulus and aortoiliofemoral diameter measurements
and comparable decisions regarding prosthesis size (25).

Transapical

"Transapical approach (TA) approach was the first alternate
method to be described when the TF was not feasible,
especially when there was significant iliofemoral disease. TA
method is the only TAVR method that is anterograde and
provides easy valve crossing due to the anatomical approach
and avoids cardiopulmonary bypass and sternotomy
(26-29). The procedure involves exposing the apex of the
left ventricle by performing a mini-thoracotomy and placing
purse string sutures. Transesophageal echocardiogram is
then used to identify an optimal puncture location and
insertion of a SF sheath. Aortic valve is then crossed in an
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anterograde fashion and the diagnostic wire and valve wire
are introduced, and the valve is deployed. Rapid ventricular
pacing is used at the time of suture placement for reducing
the risk of bleeding (9). This approach has had declining
popularity in the recent years and has gone from accounting
for nearly 20% of the alternative approach subset to less
than 5% (2).

Lardizabal er al. (2015) performed a comparison of the
TA and transaortic approach (TAo) procedures and found
that all-cause mortality at 30 days to be similar between
the two groups. Cardiovascular mortality was significantly
higher in the TA group and after a median follow-up of
23 months Kaplan-Meier analysis showed a persistent trend
towards higher probability of long-term survival in the
TAo group (30). Thourani and colleagues also showed that
post-operative and 30-day outcomes was not significantly
different between the TA, TAo, and TC, however, they
did show a tendency towards an increased observed
operative mortality (31). O’ Sullivan and colleagues echoed
the previous findings where there was no significant
difference in incidence of stroke, transient ischemic attacks,
major bleeding and pacemaker implantation. They also
demonstrated no significant difference in 30-day mortality
between TAo and TA groups (32).

Major limitations regarding the TA method is its
relatively invasive nature and end-result of myocardial
damage post-procedure demonstrated by apical
hypokinesis. Al-Hijji et /. (2018) demonstrated the
lower ability of left ventricular ejection fraction post
TA approach when compared to the TF method (33).
This point has been demonstrated by subset analysis
of the PARTNER I trial which showed that the TA
approach was associated with increased cardiac mortality
in subjects with less than 50% ejection fraction and was
associated with delayed and less robust improvement
in left ventricular function (34). There have also been
reported cases of left ventricular aneurysm and rupture
in rare cases secondary to the scar tissue formation post
procedure (32). Other well-known complications of the
TA method is increased likelihood of blood product
needs, longer duration of stay at the hospital, and more
likelihood of acute kidney injury (35). Another important
limitation of the TA approach is the well documented
increase in mortality post procedure (36). Hence, the
use of TA approach in light of newer methods of TAVR
needs extensive consideration especially since most of
these individuals have limitations that can make the TA
approach unfavorable.
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Transaortic

TAo approach is performed through a partial sternotomy
or mini-sternotomy by conducting a 2-inch midline
incision below the sternal notch after which a “mini-J”
shaped sternotomy is made at the second intercostal space
which exposes the proximal part of the ascending aorta.
A needle is used to puncture the ascending aorta and the
introducer sheath is upsized to a TAVR sheath at least
6 cm away from the aortic annulus. The remainder of the
procedure is performed in a standard retrograde fashion for
the TAVR. Chest tube is left in place after the completion
of the procedure (37). Currently this approach is used in
approximately less than 5% of alternative approaches for
TAVR (2).

The advantage of this method lies in a few factors
which include the familiarity of cardiac surgeons with
partial sternotomy and ascending aorta cannulation, the
swift conversion to full sternotomy if needed secondary
to complication, less risk of damage to myocardium and
bleeding and limited chest wall injury (38). It has been
suggested to utilize the TAo method in patients with
severely impaired left ventricular function, fragile apex
or with significant pulmonary disease (39). It should be
kept in mind that TAo has some relative contraindications
including but not limited to having a porcelain aorta or
previous median sternotomy, hence, patient selection and
screening is of utmost importance when planning TAVR.
Bapat et al. (2012) demonstrated that in their cohort, there
was no significant difference in 30-day mortality compared
to the transapical group and there was no statistically
significant difference in rates of post-procedural need for
cardiopulmonary bypass or stroke (40). Similar findings
have been reported by other authors whereby the 30-day
mortality was not significantly different when compared
to the transfemoral and TAs (41). Chollet et 4/. (2018)
showed that the 30-day and one-year mortality rates were
similar in the TAo and transfemoral methods (42). Some
of the limitations of TAo include short access site that
might make using the delivery system and deployment
of the valve difficult. There have been documented cases
of cerebrovascular events, increased rates of new onset
atrial fibrillation, and increased chances of life-threatening
bleeding when using this procedure which limits its use in
some patients (38,42).

Transaxillary
Transaxillary approach (TAx) is one of the other methods
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used for TAVR. Some of the advantages of this route are
shorter distance, more direct approach and increased
control of the device (43). Since its first implantation by
Ruge et al. and colleagues, advancements in the procedure
and valve generations have made huge progress and made
it more streamlined (44). Safety outcomes were studied
recently by Anselmi and colleagues who showed procedural
success in all cases and they did not have any acute kidney
injury, periprocedural stroke, periprocedural transient
ischemic attack, vascular complications or periprocedural
mortality (45). This approach accounts for less than 5% of
alternative (2).

This procedure is performed usually through a left
axillary access due to a more direct path to the aortic annulus.
The axillary artery is exposed in the anterior chest wall
by using a surgical approach. Pectoralis major and minor
muscles are retracted to access and expose the subclavian
artery. Afterwards, either a Dacron graft is used on the
artery or it is punctured directly by using a micropuncture
technique or a standard access needle, thereafter a 4F to
6F sheath is introduced. Aortic valve is crossed, and the
valve is introduced following the introduction of the stiff
wire. Subsequently, the sheath is withdrawn and the purse
string is sutured or the Dacron graft is oversewn (9). More
recently, ultrasound is being utilized for a ultrasound guided
approach (46).

There have been multiple studies which compare
the TAx to other TAVR methods. Block et 4/. showed
that in their case series of TAx patients, there were no
procedural complications and patients needed minimal
postoperative analgesia (47). A review of 62 cases of TAx
showed use of general anesthesia in 40 (66.7%) compared
to local anesthesia in 20 (33.3%), mainly use of left axillary
approach, vascular complications in 6 of 62 patients (9.7%),
axillary artery dissection in 4 of 62 (6.5%), and stroke in
2 of the 62 patients; these authors noted that the rate of
vascular complications is comparable with TF approach and
the rate of paravalvular leak is much less as compared to the
TF approach (43). Similar findings of lesser paravalvular
leak and valve-in-valve implantation have also been found
by other authors (48). In a propensity matched analysis of
the outcomes of patients undergoing TAx compared to TE,
Gleason and colleagues did not find any difference between
the outcomes at 30 days with a trend toward lesser need
for pacemaker in the TAx group. Death or myocardial
infarction rate among the two groups did not differ and
the major vascular complications among the two groups
were similar despite higher burden of vascular disease in
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the TAx group (49). Dahle and colleagues performed 5
consecutive TAx TAVR and they showed that the approach
was successful in 100% of the patients with 0% mortality,
stroke or vascular injury during the hospital stay and
30-day follow-up. They had a 20% in-hospital pacemaker
implantation rate and the average length of stay was
3 days (50).

Due to these recent findings the TAx has become
increasingly more popular as a method for TAVR, however,
the risks and benefits of this procedure needs to be carefully
considered if there is intention for use on a patient. The
mechanism of stroke in these patients is likely multifactorial
owing to the higher atherosclerotic load, cerebrovascular
disease, aortic arch calcifications, and aortic root angulation.
Vessel size and vessel tortuosity contribute to this increased
risk (51,52). Such promising results and advancements in
the procedure can make this approach a potential to become
a favorable technique in future when an alternative method
is needed.

Transcarotid

Transcarotid approach (T'C) is one of the most commonly
used pathways for patients who have concomitant vascular
disease or poor anatomy and cannot undergo TF TAVR
(53,54). This method provides a direct route for aortic
valve implantation and offers a shorter distance from
the entry site to the aortic root (14). This procedure
involves surgical exposure of the common carotid artery
for an arterial needle puncture and introduction of the
6F arterial sheath. Then the sheath can be upsized, and
the standard valve delivery method is used. Thereafter,
surgical closure of the site is done with sutures (9). It should
be remembered that due to the high risk of predisposing
the brain to ischemic insults, extensive cerebral and
carotid imaging is required in the procedural planning
by using bilateral carotid duplex ultrasound, CT of the
head and magnetic resonance angiography to better
characterize the circle of Willis for detailed imaging of
the collateral circulation (9). The first case of TC TAVR
was performed in 2010 on an 89-year-old male with
symptomatic degenerative AS successfully by Modine
and colleagues and since then this procedure has been
replicated by many (10,55). This method of intervention
provides a good alternative for patients with poor vascular
access and no other alternative for valve replacement.
In recent application of this approach, it has accounted
for nearly 10% of the alternative approach pathway
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used (10). Recently, Parikh and colleagues described a case
of successful and uneventful TC TAVR in a patient with
severe peripheral vascular disease as well as severe bilateral
carotid disease which demonstrates the effectiveness of this
technique (56). Use of T'C approach has gradually increased
in the past decade owing to the optimal outcomes and
familiarity with the procedure, while the absence of stroke,
major bleeding, transient ischemic attacks and acute kidney
injury has been repeatedly demonstrated (10).

A benefit of TC approach is better device control and
positioning due to a shorter route for access and more
straight approach which gives better device control for
implantation. This method enhances sheath delivery and
positioning. Carotid approach also translates into earlier
mobility of the patient, shorter hospital length of stay and
lower risk of complications due to immobility. Bleeding
risk is low in such patients and easier to control and
since the access site is superficial, hemodynamic stability
can be reached much faster (10,57). In a 145 cohort of
patients, Folliguet and colleagues reported a comparable
30-day mortality with TF. They noted minimal access
complications and due to the short distance to the aortic
valve, there was increased stability during the delivery of
the valve. They also noted that limited pulmonary reserves
and poor ejection fraction did not cause limitation for this
procedure (58). Based on the recent comparison done by
Overtchouk et 2. and Modine et 4l., TC pathway provides
great post-operative results comparable to the TF in terms
of the mortality especially when compared to the newer
methods which use local anesthesia and conscious sedation
have similar rates of cerebrovascular events. This method
also allowed for a hospital stay of as short as 4 days and
immediate mobilization (59). Overtchouk and colleagues
recently published the results on a cohort of 314 patients
who underwent T'C TAVR. They did not witness any major
vascular complications and major bleeding was observed
in 4% of the patients which was comparable to the TF
approach. They witnessed stroke in 1.6% of the patients in
the first 30 days which was lower than numbers reported by
the TF approach in PARTNER 2 trial and patients had a
comparable 30-day mortality rate (7,60). The median length
of hospital stay was also lower than previously published
data by FRANCE TAVI registry (61).

There have been several studies highlighting the safety
and comparable procedural outcome of TC approach in
the recent years. Chamandi and colleagues compared the
procedural outcomes of TC compared to TA and TAo
approach. They report that after adjustment, there was no
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Table 1 Advantages and disadvantages of different TAVR methods
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Percentage of

Methods L
application

Advantages

Disadvantages and contraindications

Transfemoral 80%

infection; short hospital stay

Transapical <5% Antegrade valve delivery; not limited by peripheral
vascular anatomy and size, easy valve insertion;
easier adjustment of device and better control; less
paravalvular leak; less contrast; shorter insertion time

Transaortic <5% Can be used in patients with severe lung disease and

Familiarity with anatomy and extensive experience;
shorter duration; small incision of access vessel;
less invasive; can be done under local anesthesia;
less post procedure pain; faster wound healing; less

Closure device failure; vessel dissection;
unsuitable in patients with small iliofemoral
vessel size, tortuous vessel anatomy, or
significant atherosclerotic disease

Increased chance of bleeding and tamponade;
not suitable for patients with advanced lung
disease; not suitable for patients with low
ejection fractions; aneurysm of left ventricle

Not suitable in patients with porcelain aorta or

low ejection fraction; allows for rapid cardiopulmonary those who have had previous sternotomy; short

bypass conversion if needed; access similar to

surgical aortic valve replacement

Transaxillary <5%

Transcarotid ~10%

new onset atrial fibrillation

Can be used in patients with severely calcified aorta
or unfavorable femoral anatomy; does not require
thoracotomy; less paravalvular leak and pacemaker
implantation; shorter distance to valve

Direct access for implantation; minimal to no
paravalvular leak; familiarity with neck anatomy;
optimal device control; short hospital stay; early
ambulation post procedure; minimal blood loss; less

access site; dissection; infection

Not recommended to be used in patients with
small axillary artery diameter and significant
tortuosity

Carotid artery diameter greater than 8mm
without evidence of calcification or severe
tortuosity; patent circle of Willis and cerebral
circulation; stroke

TAVR, transcatheter aortic valve replacement.

significant difference in risk of stroke or transient ischemic
attack between the two groups. TC group had significantly
less new onset atrial fibrillation, major or life-threatening
bleed, shorter mean hospital length of stay. The also
reported a tendency towards less vascular complications in
the TC group. They reported 2 times the mortality rate at
30 days in the TA and TAo groups, even though it was not
statistically significant (62).

One of the major concerns regarding TC approach is the
risk of potential stroke, especially when the carotid artery is
involved. Major mechanism for such worry is the embolic
events that can arise from carotid atheroma and valvular
calcifications. In order to limit such events, thorough
imaging of the carotid arteries and continuous monitoring
throughout procedure together with new delivery methods
have limited the risks. Multiple studies have shown the
procedure to be as safe as the gold standard of TF without
increase in risk of complications, mortality, morbidity and
length of stay (10,63). Watanabe ez 4l. (2018) performed a
retrospective study and compared T'C with TF and showed
that the TC TAVR was not inferior to the TF TAVR and
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can be preferable alternative when TF TAVR is not possible
due to peripheral arterial disease (64). Thus, in patients
with poor traditional access for implantation, carotid
artery provides a suitable alternative for valve implantation
since the risk of complications post-procedure is very low.
These patients are able to ambulate more quickly and be
discharged from the hospital earlier. These patients need
to be worked up with thorough imaging to minimize the
chances of complications. Close intraoperative monitoring
can help in minimizing the risks. TC TAVR has proven
to be comparable in outcomes to the gold standard of TF
TAVR, hence, use of this method of approach for patients
with poor peripheral access who need TAVR is a suitable
alternative.

Since its introduction, TAVR has revolutionized how we
approach valve replacement for patient with AS. Each of
the different methods introduced since its application have
certain advantages, disadvantages and contraindications
(1able 1). It is through detailed imaging and consideration
that the optimal method for each case can be selected and
applied for optimal outcome.
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Conclusions

TAVR has become the most commonly used standard
of care in patients with moderate to severe aortic valve
stenosis. Recent advancements have furthered the use of
TAVR in low risk patients showing promising results. The
most common site for access by far is the femoral route,
although a multitude of other sites are available. TF TAVR
is problematic in patients with poor peripheral access and
vascular disease; hence, alternative routes of access are
crucial. Among the other access sites, TC approach has
proven to be a promising alternative with comparable
results and low complications. Studies mentioned above
have shown that such patients have comparable procedural
outcomes and quicker recovery times. The use of TC TAVR
has consistently increased during the past decade. Due to
the shorter access and more control during implantation,
TC TAVR has shown very satisfactory echocardiogram
results post-procedure and on follow up echocardiograms.
With more advancement in access site and procedural skills,
this route of access can potentially serve as a very promising
default alternative access site for TAVR.
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