TAVI IN COMPLEX CLINICAL AND ANATOMICal SCENARIOS

Table 1.I. Randomized controlled trials on transcatheter aortic valve implantation.
Comparators Number of Study Device used
Primary
Study
patients design
for TAVI
endpoint

Latest
follow-up

Main findings

Inoperable patients

PARTNER IB TAVI vs. CT

358

Single arm
Popma et al.
with TAVI

489

Superiority

na

Sapien

All-cause
5 years
death at 1 year

At 1 year, TAVI was
associated with lower
rates of death compared
to CT. Similar results were
apparent at 5 years.

The rate of all-cause
All-cause
mortality or major stroke at
death or major
CoreValve
1 year 1 year was 26.0% with TAVI
stroke at 1
vs. 43.0% with the OPG
year
(P<0.0001).

High-risk patients

PARTNER IA TAVI vs. AVR

US
CoreValve

699

TAVI vs. AVR

795

Noninferiority

At 1 year, TAVI was noninferior to AVR for the
All-cause
Sapien
5 years primary endpoint of alldeath at 1 year
cause death. Similar results
were apparent at 5 years.

NonAll-cause
CoreValve
3 years
inferiority
death at 1 year

At 1 year, TAVI was noninferior and even superior
to AVR for the primary
endpoint of all-cause
death. At 3-years, TAVI
was associated with
significantly lower rates of
death or stroke compared
to AVR.

Intermediate-risk patients

PARTNER II TAVI vs. AVR

SURTAVI

TAVI vs. AVR

2032

NonSapien XT
inferiority

All-cause
death or
disabling
stroke at 2
years

1746

Noninferiority

CoreValve
(84%);
Evolut R
(16%)

All-cause
death or
disabling
stroke at 2
years

280

All-cause
Superiority CoreValve death, stroke,
MI at 1 year

At 2 years, TAVI was noninferior to AVR for the
primary endpoint of death
or disabling stroke. TF
2 years
TAVI was associated with
lower rates of the primary
endpoint compared to
AVR.
At 2 years, TAVI was noninferior to AVR for the
2 years
primary endpoint of death
or disabling stroke.

Low-risk patients

NOTION

TAVI vs. AVR

At 1 year, there was no
significant difference in the
2 years primary endpoint between
TAVI vs. AVR. Similar results
were apparent at 2 years.

TAVI: transcatheter aortic valve implantation; pts: patients; CT: conservative treatment; OPG: optimal performance
goal; AVR: aortic valve replacement; na: not applicable; MI: myocardial infarction; TF: trans-femoral.
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TAVI IN COMPLEX CLINICAL AND ANATOMICal SCENARIOS

gested an independent association between residual paravalvular leak and longterm mortality.34 These issues appear less
relevant in the elderly for whom TAVI
may appear a reasonable first-line treatment independently from the STS score,
especially in those with a failed surgical
bioprosthesis or those with pervious coronary artery bypass surgery. In any case, the
final decision with respect to the optimal
therapy for the treatment of aortic valve
stenosis should always be remitted to the
Heart Team, including cardiac surgeons,
interventional cardiologists, anesthesiologists, and experts in cardiac imaging, to
provide optimal patient care.
Clinical recommendations for treating
patients with aortic valve stenosis slightly
differ between ACC/AHA and European
Guidelines.21, 24 As shown in Figure 1.1,
ACC/AHA Guidelines recommend TAVI in
patients at prohibitive surgical risk (Class I).24
In patients at high surgical risk (STS score
>8%), both TAVI and AVR have a Class I
recommendation, wherein the final decision
should be made by the Heart Team, according to the individual patient characteristics.
In patients at intermediate risk (STS score

aorta, hostile chest due to prior chest radiation, and left internal mammary artery
crossing the midline in a substernal location. Functional factors include frailty,
advanced liver disease, oxygen-dependent
chronic obstructive pulmonary disease,
severe pulmonary hypertension with right
ventricle dysfunction, and neurocognitive
dysfunction. Another important factor is
the coexistence of severe multivessel coronary artery disease with a high SYNTAX
score, in which case the surgical option
may be more advisable.
Among all these variables that should
be factored together with the STS score
when deciding the optimal treatment for
patients with severe aortic valve stenosis,
age is the key to tip the balance of decision
making towards one treatment rather than
the other. Two factors still appear to limit
a wide implementation of TAVI in young
patients with severe aortic valve stenosis:
valve durability and the long-term prognostic implications of residual paravalvular leak. Randomized trials have reported
higher rates of residual moderate-to-severe
paravalvular leak after TAVI compared
with AVR,2 and some studies have sug-

Symptomatic
severe AVS
Estimated surgical risk
Low risk

Intermedate risk

High risk

Extremely high risk

AVR

AVR

TAVI

AVR or TAVI

TAVI

Class I

Class I

Class IIA

Class I

Class I

Figure 1.1. ACC/AHA guidelines for transcatheter aortic valve implantation (TAVI) vs. aortic valve replacement (AVR) in patients
with severe symptomatic aortic valve stenosis (AVS).
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1. Transcatheter aortic valve implantation (TAVI): current indications and future scenarios

Symptomatic severe AVS

Estimated surgical risk >4% or
Logistic euro score I >10%
NO
Presence of other risk factors:
- Frailty
- Porcelain aorta
- Sequaela of chest radiation
NO

YES
YES

Heart Team discussion:
Suitability for AVR?

YES

NO

AVR

TAVI

Figure 1.2. European guidelines for transcatheter aortic valve implantation (TAVI) vs. aortic valve replacement (AVR) in patients
with severe symptomatic aortic valve stenosis (AVS).

4-8%), AVR has a Class I recommendation,
whereas TAVI has a Class IIa recommendation. Finally, in low-risk patients (STS score
<4%) AVR has a Class I recommendation,
with TAVI being considered only in patients
who are unfit for surgery.
As shown in Figure 1.2, in the European Guidelines, intermediate- and highrisk patients are included in a single category of risk (STS score >4%), with the
final decision between TAVI vs. AVR being made by the Heart Team, according
to the individual patient characteristics
(Class Ib).21 In patients at low risk, AVR is
the standard of care (Class I recommendation), whereas TAVI should be considered
only in patients who are unfit for surgery.
The more controversial issue of the American Guidelines is the attribution of a Class
IIa recommendation to TAVI performed in
intermediate-risk patients.24 In the PARTNER II trial, some outcomes were more favorable to TAVI than AVR, and in the transfemoral group, rates of death or stroke were
lower with TAVI compared with AVR.2 Similarly, non-inferiority was apparent between
TAVI and AVR in intermediate-risk patients

in the SURTAVI trial.4 The conservative approach of the American Guidelines in favor
of AVR may reflect the fact that both PARTNER II and SURTAVI trials reported 2-year
follow-up, leaving outcomes with TAVI at
longer-term follow-up undetermined. This
may be of concern in intermediate-risk patients who are in general younger than highrisk patients, making the issue of valve durability and the prognostic implication of
paravalvular leaks more compelling.
In summary, deciding on the optimal
treatment between TAVI vs. AVR in patients with severe aortic valve stenosis is
a complex process that cannot rely only
on the STS score, as several variables may
move the threshold of the score towards
one treatment rather than the other. One
such variable, for example, is age, as in elderly patients, the issue of valve durability
and the long-term implication of paravalvular leak are less stringent than in young
patients. The Heart Team should play a
pivotal role in the process of decision making, wherein an individualized treatment is
implemented based on the patient´s clinical and anatomic characteristics.
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2. Management of complex peripheral access: tortuosity, small diameter, severe calcifications

15.3 €), followed by non-CLI PAD (35.9±
12.4 €), and lowest for patients without
PAD (34.6±8.4 €, P<0.01).

ing option to enable severely stenosed and
calcified vessels to accommodate a large
sheath. The Shockwave catheter (Shockwave Medical Inc.) is a 6-7 Fr device which
incorporates multiple lithotripsy emitters
and a semi-compliant balloon (3.5-7 x 60
mm). Once the balloon is inflated at the
target lesion level at low pressure (4 atm),
the emitters are activated. The disruption
of vascular calcifications by tissue-selective
mechanical waves allows a relatively subsequent atraumatic dilatation of the vessel
with the semi-compliant balloon at nominal pressure. After the treatment, the percentage of residual stenosis is low and the
need for stent implantation is contained.
Although early clinical experiences in the
treatment of peripheral and coronary artery
disease are promising, further and more robust data are needed, especially in the field
of transcatheter aortic valve implantation.
Iliofemoral tortuosity does not predict
vascular complications5, and usually, the artery straightens out as soon as the stiff wire
is advanced through the tortuous part of
the artery (Figure 2.1). There is currently
no consensus method for assessing the suit-

Phenotypes of
peripheral artery disease

Stenosis, calcifications
and tortuosity

Iliofemoral complications are the most
common vascular complications in transfemoral TAVI. Small vessel dimensions
(minimal artery diameter smaller than the
external sheath diameter or sheath-to-femoral artery ratio >1.05), moderate or severe
iliofemoral calcification, and center experience have been identified as major predictors of iliofemoral vascular complications.5
The combination of an iliofemoral
artery diameter smaller than the external
sheath size and the concomitant presence
of moderate or severe calcification is associated with the highest vascular complication rate. In such patients, alternative access routes should be preferred.6
Intravascular lithotripsy is an appeal-
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H

Figure 2.1. A) Severe tortuosity of iliac arteries; B) standard 0.035 inch wire; C) super stiff 0.035 inch wire (Boston Scientific) trough
AL1 6 Fr catheter (Cordis); D) Inowi 0.035 inch wire (Symedrix Gmbh) for selfexpandable valve enabled the straightening of the iliac
artery, and subsequently supported the advancement of the Evolut R 34 mm delivery system across (E) the iliofemoral artery; F, G)
the ogival aortic arch, and H) the aortic valve, with an optimal procedure outcome.
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2. Management of complex peripheral access: tortuosity, small diameter, severe calcifications

A

B

C
Figure 2.2. 82 years old male patient with abdominal aortic aneurism and severe symptomatic aortic stenosis; preoperative A) 3D
volume rendering reconstruction and B) curved multiplanar vessel reconstruction; C) TAVI was performed through 19 Fr SoloPath
Recollapsible introducer sheath, positioned into the main body of an Endurant ESBF3214C103EE, trough the left common femoral
artery; right femoral artery access was avoided to minimize the risk of stent graft dislodgement at the level of overlap between the
gate of the main body and the contralateral limb (ETLW1616C82EE).

or Symetis) to get stuck to the metallic
frames of the stent graft. A trick has been
described to avoid this problem with Sapien 3: partial inflation of the distal section of the balloon minimizes the contact
between valve and endovascular stent and
allows an unimpaired passage of the valve.
This can be achieved by injecting sufficient
volume to inflate the balloon without flaring the TAVI device; the usual volume required is 2 to 3 mL. Once this is done,
the inflation device is locked. The whole

TAVI delivery system/introducer. Less
cumbersome devices should be preferred.
To safely negotiate the vascular prosthesis, it is important to minimize friction, smoothly advancing the introducer
or the delivery system with a gentle and
continuous push or with the push-andpull technique, avoiding to force strenuously against resistances.
In case of stent grafts into the thoracic
or thoracoabdominal aorta, there is a potential risk for uncovered valves (Edwards
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2. Management of complex peripheral access: tortuosity, small diameter, severe calcifications
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Figure 2.4. A) MPR curved reconstruction, showing spotty calcifications at the TAVI access site level; B) post-procedural revision of
CT scan with sharp filter, which reveals thin circumferential calcifications of right femoral artery; C) guided puncture of an apparently
calcification-free site; D) after failed attempt of insertion of Evolut R, the nosecone of the delivery system was entrapped into the
vessel across the arteriotomy, and subsequently fractured; subcutaneous dissection was enlarged in order to reach the broken
nosecone with a klemmer; E) after snaring from contralateral femoral artery, the Confida wire was externalized and an OTW balloon
was used to push the nosecone backward from the intravascular size, and to ensure hemostasis; this manoeuvre facilitated the
removal of the nosecone and minimized the risk of further fragmentation of the nosecone; thereafter a Prostar was delivered to
prevent the failure of 2 Proglides previously implanted; F) advancement of a 18 inch crossover protection wire and insertion of a
19 Fr SoloPath recollapsible, which resulted (G, H) slightly underexpanded across the arteriotomy; I) introduction of the Evolut R 29
mm valve; J) effective haemostasis and mild suture-related stenosis after removal of the introducer sheath and tying of the knots.
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TAVI IN COMPLEX CLINICAL AND ANATOMICAL SCENARIOS

entry level of the large sheath through
flow blockage. If contralateral access is not
available or particularly challenging and
the operator does not feel comfortable
with other vascular options, a second arterial access could be obtained distally to the
main entry site (Figure 3.1).

helpful, and it is currently expanding indications by addressing the TAVI treatment
even at borderline ilio-femoral anatomies.
The SoloPath sheath, with a reduced folded
pre-insertion profile, a malleable shaft, and
a hydrophilic coating, can simplify device
tracking even in severely tortuous and calcified anatomies. However, although being
designed to collapse upon withdrawal, attention should be paid to kinking and the
risk of disruption during active traction.
For this reason, a second-generation sheath
has been introduced: it can be actively
deflated by injection of sterile saline into
an additional port, which should allow a
safer retrieval of the sheath at the end of
the procedure. On the other hand, the Edwards eSheath is a 36-cm long expandable
sheath with a compliant seam, allowing
transient expansion as the delivery catheter
is passed through it. After passage of the
prosthesis, the sheath contracts to some
degree toward its unexpanded size. When
inserting the eSheath with the introducer,
the expansion seam is oriented toward the
posterior wall of the artery being accessed,
which permits avoiding any damage to the

Extreme situations
In case of extremely calcified vessels, even
with compatible vessel diameters, the use
of a preventative stenting strategy could
be helpful to reduce difficulties in device
tracking and reduce the risk of vascular
damage. In selected cases, preventively implanting a covered stent should be considered to reduce the risk of rupture during
valve tracking through severely calcified
and/or poor size vessels (Figure 3.2). In
addition, in patients with an unfavorable
sheath-to-femoral artery ratio, the use of
an expandable sheath (i.e., SoloPath balloon-expandable transfemoral access system, Terumo Medical Corporation, Irvine,
CA, USA and Edwards eSheath, Edwards
Lifesciences, Irvine, CA, USA) could be

A

B

Figure 3.1. A) An example of prohibitive aorto-iliac bifurcation anatomy for cross-over protection due to left common iliac
occlusion; B) in this case, ipsilateral protection was performed by placing a 5 French sheath in right superficial femoral artery, distally
to the main one used for valve implantation.
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7. Bicuspid aortic valve: from correct sizing to procedural success

havior of prosthesis expansion may be very
different, according to raphe extent and
calcification: the higher the calcified raphe
extent, the higher the probability of “bicommissural like” behavior; the lower the
raphe extent, the higher the likelihood of
“tricuspid like behavior”. Figure 7.4 shows
the different prosthesis behaviors according
to different BAV types.

discriminants in selecting the prosthesis.
In the large ascending aorta as well as in
the angulated one, it should be advisable
to avoid long-strut self-expanding prostheses; in the presence of low coronary
take-off, balloon-expanding devices may
ensure a more effective coronary protection and more appropriate re-crossing
and stent when necessary; in the presence
of conduction disturbance, the prosthesis type probably has less impact; however, preventing long-strut devices from
protruding in the outflow tract could be
helpful to reduce permanent pacemaker
need. Regarding prosthesis expansion and
symmetry, data on CT scans are limited.
However, it seems that prosthesis circularity is related to the BAV type and the degree of raphe calcification rather than to
the prosthesis type. Generally, at prosthesis inflow (ventricular end), the majority
of both self- and balloon-expandable prostheses appear almost symmetric; however,
in the raphe type, particularly with diffuse
calcification of the raphe, the struts may
appear largely asymmetrical (Figure 7.4).

Device selection
The most updated experiences reported
thus far showed that TAVR using currentgeneration prostheses in BAV resulted in
more favorable outcomes compared to
first-generation prostheses, particularly in
terms of complication rate and paravalvular regurgitation reduction.8 These results
are almost and consistently related to the
improved valve design and structures,
leading to more effective sealing. In fact,
the newer-generation prostheses, with an
external sealing cuff allowing for a more
effective sealing, eliminate the need for
extreme oversizing, mitigating the morphological challenges of bicuspid AS and
reducing the hazard of aortic root injury
and paravalvular leaks. Thus, last-generations devices, developed to overcome the
procedural limitations in tricuspid valves,
should be considered as the prostheses of
choice, even in BAV. On the other hand,
when compared to each other, no prostheses performed better than the others.8 Particularly, comparing the performance of
balloon-expandable devices to that of selfexpanding prostheses, no significant differences were found.8 These observations
suggest that, thus far, no specific prosthesis
should be preferred over the others in BAV
and that probably other considerations
and additional aortic/ventricular features
could be useful to select the proper device.
In this regard, it is important to emphasize
that aortic dimensions and angulation, as
well as coronary take-off, baseline conduction disturbance should represent valuable

Implantation technique:
tips and tricks
To optimize bioprosthesis implantation
outcomes in BAV, as mentioned above, the
anatomical assessment of the aorto-valvular complex is of paramount importance.
In fact, this not only enables the assessment
of proper dimensions to size the valve, but
also offers the possibility to accurately
identify the most appropriated landing
zone for the prosthesis. In fact, in TAV,
the landing zone of the prosthesis is universally accepted at the virtual basal ring,
recognized as the tightest point suitable for
prosthesis anchoring and, in turn, the most
appropriate one to ensure prosthesis sealing; in contrast, in BAV, the proper landing
zone may considerably differ from that in
TAV. In bi-commissural BAV with raphe
(the most frequent BAV type), fibrous and
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