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Standardize Transcatheter Aortic Valve
Implantation with CoreValve self expandable
prosthesis and post procedurals management

Gian Paolo Ussia, Valeria Cammalleri, Francesco Romeo

Universita degli Studi di Roma ,Tor Vergata”, Italy

ranscatheter aortic valve implantation (TAVI) is

a therapeutic alternative to surgical aortic valve

replacement (SAVR) or palliative medical the-

rapy for patients with symptomatic severe aor-
tic valve stenosis (AVS)*>. The high surgical risk for a
patients with aortic valve stenosis has to be assessed
jointly with the cardiac surgeon and the cardiac anae-
sthesiologist, as indicated in the guidelines for valvular
heart disease management issued by the European so-
ciety of cardiology in 2012°%. Results from registries and
trial are favourable with unexpected results of prosthe-
sis performance and survival rate at 3 and 5 years of
follow up”2.

TAVI carries higher risk of post procedural adverse
events than conventional percutaneous cardiovascular
interventions, due to the baseline clinical condition of the
patients and to the associated comorbidities.

Therefore, careful patient monitoring in a intensive
care unit (ICU) during the first 48 hours seems to be
extremely important to early detect and manage com-
plications, as well as decrease the rate of adverse events
and the length of in-hospital stay.

Preprocedural patient assessment

Pre-procedure evaluation include transthoracic echo-
cardiography, invasive cardiac evaluation with right and
left cardiac catheterization, coronary angiography and
cardiac and vascular multislice computed tomography
(MSCT). The baseline risk of the patients population is
estimated by the logistic EuroScore, EuroScore Il and STS-
PROM score!*®, Adjunctive risk criteria, not included in
these scores are frailty, porcelain aorta, severe liver dis-
ease/cirrhosis, hostile chest, severe right ventricle dys-
function, chest radiation, degenerative neurological dis-
orders, patent internal mammary artery or other critical
conduits adherent to the sternum, severe right ventricle
dysfunction, or any contraindication to extracorporeal
circulation®®. Transthoracic or transesophageal echocar-
diography are needed to diagnose the aortic stenosis,
assess the left ventricular function, characterize the other
valves, and determinate pulmonary pressure. These ele-
ments are of paramount importance for planning the
procedure and stratify the procedural risks (figure 1). Fur-
thermore MSCT plays a crucial role in the screening of
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Figure 1. Transthoracic echocardiogram in parasternal long-axis and short-axis view. The aortic valve is
examined, with particular attention to the left ventricular outflow tract diameter (1), annulus (2) and sinus
of Valsalva width (3). Valvular calcium distribution and planimetric artic valve area (AVA) are also assessed.
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measured in this view.

Figure 2. Multiplanar reconstruction of a cardiac MSCT. The three planes are exa-
mined. A) Coronal plane the left ventricular outflow tract, aortic annulus, sinus of
Valsalva, sinu-tubular junction and coronary take off are measurable; B) sagittal
plane, ascending aorta visualization and it helps for optimal orientation of the
coronal plane; C) transversal plane, the perimeter of the aortic valve annulus is

Figure 3. Transversal plane of multiplanar reconstruc-
tion of a cardiac MSCT. This projection allow to deter-
minate the anatomy of the cusps, to rule out bicuspid
valve and evaluate calcium distribution.

patients candidate to TAVI. It allows careful evaluation of
the aortic valve apparatus: aortic valve morphology di-
ameter and perimeter, calcification burden, annulus, left
ventricular outflow tract, sinus of Vasalva height and
length, coronary ostia take off (Figure 2 and 3). This allows
a correct sizing and the selection of the better prosthesis.
Angio CT-scan of aorto-iliac and femoral arteries isimpor-
tant for choosing the optimal vascular access (figure 4),
i.e, femoral route or alternative, such as the trans-axil-
lary/subclavian access, which consisted in a surgical ex-
posure of the proximal part of the transaxillary artery,
showing clear advantage in hostile vessel anatomies?®%;
the trans-apical with surgical exposure of the left ven-
tricular apex using customized introducer, balloon and
device; and the last described approach, which is the
trans-aortic one, requiring surgical access of the ascend-

Figure 4. Three dimensional reconstruction of the
aorto-ilio-femoral axis; diameter and calcifications
can be analyzed using the transverse plane.

ing aorta. All these vascular routes showed to be safe in
selected patients, with high procedural success and ac-
ceptable complication rate?.

Once the patient is judged suitable for TAVI because
all the clinical indication requirements (valvulopathy
and surgical risk) have been satisfied and the aortic
valve anatomy refereed suitable, it is necessary to evalu-
ate the pre procedural clinical condition, ruling out any
pulmonary or urine infections and hemocuagulative
disorder, and assess lung, renal and hepatic function, in
order to be ready to face promptly any complications
secondary to comorbidities. A 24 hours ECG Holter mon-
itoring is recommended to detect baseline rhythm
disorders.
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direction of blood flow in the ascending aorta .
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23 mm 26 mm 9 mir 31 mm
Qutflow Part Diam. 34 40 43 45
Constrained Part Diam. 20 22 24 24
Inflow Part Diam. 23 26 29 31
Valve Height 45 55 53 52

Figure 5. The e CoreValve® family (Medtronic, Minneapolis, MN, USA ). The pro-
sthesis frame consists of three distinct regions: the lower inflow portion that has
high radial strength for facilitating device anchoring; the constrained middle por-
tion, which incorporates the valve leaflets and has the smallest diameter to avoid
coronary ostial jailing and the outflow portion serving to orient the frame to the

A standardized pre-medication regimen consists of as-
pirin 100 mg once daily and loading dose of Clopidogrel
300 mg on the day before the procedure. Prophylactic
antibiotic therapy is administered 24 hours before TAVI.
Moreover, two units of concentrated red cells are re-
served in consideration for the possibility of haemor-
rhagic complications.

Device and procedure description

The third generation 18 French CoreValve Revalving®
System for TAVI (Medtronic Inc. MN, USA) is a self ex-
pandable nitinol frame with a biological valve made of
porcine pericardium available in four sizes (figure 5): the
23 mm CoreValve® Evolut™ prosthesis is indicated for an-
nulus 18-20 mm and perimeter 56,5-62,8 mm; the 26 mm
prosthesis is indicated for annulus 21-23 mm, perimeter
62,8-72,2 mm; the 29 mm valve is indicated in annulus
24-27 mm, perimeter 72,2-84,8 mm; the 31 mm valve is
indicated in annulus 27-29 mm and perimeter 81,6-91,1
mm. The prosthesis frame is comprised of three distinct
regions that interact with the aortic root at different lev-
els (figure 5). The lower inflow portion has high radial
strength for facilitating device anchoring. The constrained
middle portion incorporates the valve leaflets and has the
smallest diameter to avoid coronary ostial jailing. The
outflow portion serves to orient the frame to the direc-
tion of blood flow in the ascending aorta.

The procedures are performed with surgical back up,
under fluoroscopic guidance, and in a standard cardiac
catheterization laboratory.

The anaesthesiological management is chosen basing
on the patient condition. In our center analgo sedation
without endo-tracheal intubation is the preferred ap-
proach for the following reasons: more stable hemody-
namic of the patient, spontaneous breathing, shorten in-
ICU stay and reduction in post procedural pulmonary
disorders. Further extubation time in case of general an-
aesthesia and traditional endo-tracheal intubation is an
unpredictable factor, especially for elderly people who
have lung diseases and other severe comorbidities. Gen-

eral anaesthesia is the preferential way during transaortic
or transapical access, or other accesses when transesopha-
geal ehcoacardiographic monitoring is required. For ade-
quate patient monitoring during the intervention it is al-
ways recommended a central venous catheter (CVC)
placed in the right jugular vein or left subclavian vein in all
patients for drug delivery, fluid administration and moni-
toring of central venous pressure (CVP). A radial artery can-
nula for invasive pressure measurement is usually placed.
The worst femoral access is chosen for the 5 Fr diagnostic
pig tail catheter. A temporary pacing is positioned in the
right ventricular (RV) apex through a venous access.

Vascular accesses preparation

Vascular accesses can be obtained in percutaneous
fashion for the transfemoral, when preclosure percutane-
ous systems are available like Prostar XL 10 F (Abbott Vas-
cular Devices, Redwood City, C) or with surgical exposure
in all the others. There are advantages and disadvantages
for both approaches. Surgical exposure is recommended
for complex vascular anatomy and for transaxillary artery,
increasing the procedural time and the in-hospital stay
but reducing vascular complications.

The femoral artery for insertion of the 18Fr introducer
(selected after reviewing CT images) is accessed under angio-
graphic guidance. The principal points are the following:

1) A 9Frintroducer is inserted into the common fem-
oral artery.

2) After confirming access, the 9Fr introducer is re-
moved over a 0.035” J-wire and a 10Fr-Prostar —XL de-
vice is inserted and all four sutures are harvested in a
Preclose fashion.

3) The 9Fr introducer is reinserted and a super-stiff
Amplatz wire (SSA-1) is placed in the aorta.

4) An 18Fr introducer is then advanced under fluo-
roscopy over the SSA-1 wire above the level of the aortic
bifurcation.

If surgical exposure of femoral artery is performed,
after femoral artery exposure and the 9 F introducer
insertion only the points 3 and 4 are performed.
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Figure 6. The 18 F introducer is inserted from the dis-
tal part of the left axillary artery. The tip of the intro-
ducer with radipaque marker is advanced at least 10
mm in the aortic arch.

Figure 7. Left anterior oblique projection. A 23 mm
CoreValve is positioned within a Edward Carpentier
21 mm surgical bioprosthetic valve.

When femoral access with the 18Fr introducer is con-
traindicated, the left distal axillary artery with surgical
exposure can be used as alternative route®. The left arm
is fixed in a position of abduction and external rotation
at 90° degrees. A skin and deep-tissue incision is then
made along a line that follows the course of the artery
originating from the apex of the axilla and projecting
itself into the crook of the elbow. The axillary artery is
exposed upstream and downstream to the puncture
site. After isolation, the artery is accessed with al8 G
needle and a 7Fr introducer is advanced over a 0.035”
145 cm j-tip standard guide wire. A 5Fr pigtail catheter
is positioned in the ascending aorta above the aortic
valve plane and the standard guide wire is exchanged
for SSA-1 wire (Boston Scientific Corp). A small trans-
verse nick is made in artery wall and the 18-Fr intro-
ducer is advanced till the distal radiopaque marker is
protruding at least 10 mm in the aortic arch (figure 6).
The proximal part of the introducer is secured to the
skin with a 00 silk suture .

Implantation technique

After crossing the native aortic valve with a standard
diagnostic Amplatz left (AL-1) catheter and straight tip
wire, a SSA-1 wire with a hand shaped loop at the end
is placed in the left ventricular apex in stable position
using the right anterior oblique projection. A pre-im-
plantation balloon aortc valvuloplasty is routinely per-
formed under rapid RV pacing with an undersized bal-
loon for preparing the native annulus except in pure
aortic regurgitation or degenerated aortic bioprosthesis
(figure 7).

The CoreValve implantation is performed as follow:
a 5 fr diagnostic pigtail catheter is positioned in the non-
coronary cusp as a marker for the annular plane and for
contrast injections during the valve release. The image

intensifier is positioned in the optimal left anterior
oblique (LAO) projection for aligning all three coronary
cusps in a straight line. The delivery catheter system
(DCS) is positioned such that one horizontal markers of
the device is positioned below the level of the pigtail
catheter and the release is initiated under fluoroscopic
and angiographic guidance with repeated small contrast
injections (10 cc to 10 cc/sec at 900 psi) through the
pigtail catheter. The DCS frame must be positioned 4 to
6 mm below the annular plane prior to initiating release
of the valve frame; the release of the valve must be per-
formed very slowly making small adjustments for com-
pensating undesired movement; he DCS is maintained
in as central a position as possible in the aortic root,
After the prosthesis is released completely, the release
hooks of the device are carefully observed to ensure
their detachment from the DCS in LAO and right ante-
rior oblique projection projections.

Post deployment, hemodynamic measurements and
ascending aortogram must be performed to assess for pres-
ence and severity of para-prosthetic regurgitation (PPR).

How to assess a paravalvular leak

When a paravalvular leak is observed after implanta-
tion the operator should accurately evaluate the sever-
ity of the PPR, and understand the underlying mechanis
. The severity of the regurgitation must be assessed us-
ing hemodynamic measurements, angiographic and
echocardiographic evaluation.

The simultaneous recording of aortic pressure and
left ventricular (LV) pressure gives a lot of information.
When the diastolic aortic pressure is below 40 mmHg
and the LV end-diastolic pressure is higher than baseline
the aortic regurgitation is likely to be severe and must
be corrected (figure 8). The aortography should be per-
formed with adequate volume and rate of contrast in-
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Figure 8. Hemodinamic assesssment of severe aortic
regurgitation by simultaneous measurement of aor-
tic and left ventricular pressures.

Figure 9. Transthoracic echocardiogram short axis
view showing para-prosthetic leak extended from 12
to 4 o’clock.

jection in two orthogonal views in order to quantify the
severity of regurgitation, identify the location and
mechanism of the leak, understanding if it occurred for
incomplete prosthesis expansion or incomplete apposi-
tion. In this case the inlet portion of the valve is few
millimeter far away from the calcified annulus only un-
der one cups for the presence of a calcification, or in
multiple locations because undersized valve.

If there is a low valve malposition the mechanism of
leak is a inadequate sealing of the inlet portion of the
CoreValve, so the blood returns in the ventricle passing
through the struts above the upper part of the pericar-
dium skirt, When there is an high valve malposition we
can have severe regurgitation and /or coronary ostia ob-
struction by the inlet part of the prosthesis.

The trans-thoracic echocardiography is a useful diag-
nostic tool, when the acoustic window is optimal, and
using the three main views (parasternal long axis, para-
sternal short axis and the apical five chamber), it is pos-
sible to understand the position and extension of the
leak, the severity of regurgitation and the impairment
of the LV (figure 9).

If there is a under expansion of the valve, or malap-
position of one side of the valve, balloon post dilatation is
recommended during a careful right ventricular pacing for
reducing the left ventricular systolic pressure in order to
obtain a stable balloon position. If the valve is too high,
the first maneuver is to snare the valve from one of the
two hooks and pull the valve in the ascending aorta, be-
cause the danger of coronary flow obstruction. Then place
a second valve. The so called ,valve- on-valve”, does not
impair the device function . If the valve is too low try to
pull the valve of few mm using a snare with a ,pull and
stop” technique: the snare is inserted from one of the
femoral artery, and one of the two hooks is catched and
start pulling till when the beating heart is felt ,the stop and
maintain the position, wait few minutes and then start
again®. Sometimes the femoral approach is not uncom-
fortable for snaring the valve, in this case from an artery
access from the left arm (radial or brachial) for obtaining
a better catheter snare direction of traction?. If this ma-
neuver is ineffective, the ,valve-in-valve” technique is the
second option, placing a second valve within the first?#2°,

Once the prosthesis is successfully deployed, remov-
al of vascular catheters is carried out in the catheteriza-
tion laboratory. The temporary pacemaker electrode
placed into the right ventricle through a femoral vein is
maintained for 24-48 hours.

Post procedural Intensive care
management

The post-operative care is challenging because of the
incidence of procedural and post procedural life threat-
ening complications related to the invasiveness of TAVI
and to the abrupt hemodynamic changes occurring af-
ter the sudden relief of valvular obstruction in patients
with a chronically low cardiac output state®.

After the procedure all patients are routinely trans-
ferred to the ICU. During the first 48 hours, vital param-
eters are continuously monitored by a nurse. Close at-
tention has to be given to rhythm and atrio-ventricular
conduction disturbances, systemic blood pressure and
fluid balance, monitoring diuresis and adjusting intrave-
nous fluid administration in order to maintain CVP be-
tween 5 to 10 mmHg. Oxygen saturation values are ob-
tained from transcutaneous pulse oximetry, with arterial
blood gas test when necessary

Assessment of cardiologic symptoms, such as palpi-
tations, chest pain, fatigue and shortness of breath, and
examination of mental status, including consciousness,
orientation and memory, require a careful observation
of patients for the early detection of signs of acute heart
failure or neurological deficit.

Vascular accesses and peripheral pulses are monitored
for hematoma, pseudo-aneurysm or acute thrombosis.
When necessary a peripheral echo-Doppler is performed.

To prevent infections, stringent cleaning of vascular
accesses and care of urinary catheter are daily advised.
If signs of systemic infection are present, blood and/or
urinary cultures are ordered.

Laboratory tests are performed daily and consisted
in: blood routine count for detecting signs of occult
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bleeding, infection, dual antiplatelet therapy intoler-
ance or heparin induced thrombocytopenia and for the
assessment of renal function to diagnose acute kidney
insufficiency (AKI) defined as a decrease of > 25% in
eGFR at 48 hours following the procedure or the need
of haemodialysis during hospitalization [31-35]. The de-
gree of AKl is further classified as: (i) mild (> 25% de-
crease in eGFR); (ii) moderate (50-75% decrease in
eGFR), and (iii) severe (>75% decrease in eGFR).(36)

Other routine laboratory test included: electrolytes
serum concentrations, liver and muscular enzymes and
clotting parameters.

A trans-thoracic echocardiogram is planned 6 hours
after TAVI and then every 24 hours, to assess optimal
position of the prosthesis, trans-prosthetic gradient,
paravalvular leak or aortic regurgitation, mitral valve
and left ventricular function, systolic pulmonary arterial
pressure and pericardial effusion.

Standard medical therapy include low molecular
weight heparin until ambulation, appropriate antibiotic
therapy for three days, acetylsalicylic acid (100mg) and
Clopidogrel (75mg) daily; inotropic support, antihyper-
tensive and diuretic therapy if needed.

Early patient ambulation, within 24/48 hours, is en-
couraged to prevent complications, such as muscle at-
rophy, constipation, decubitus ulcers, thrombo-phlebitis
and to reduce length of hospital-stay. Patients should
undergo physical rehabilitation just after mobilization
and pulmonary rehabilitation in patients with pulmo-
nary diseases expecially in case of intra-procedural en-
do-tracheal intubation.

Renal failure. Chronic kidney disease is a predispos-
ing factor for post-procedural AKI (30-35). However,
patients with normal baseline renal function can de-
velop post-procedural AKI despite a low volume of con-
trast medium used. These patients can have an intense
polyuric phase soon after TAVI, followed by an oliguric
status. The mechanism can be the sudden decrease in
heart filling pressures matched to a significant increase
in cardiac output and kidney perfusion just after valve
implantation. This polyuria is followed by intravascular
volume reduction, confirmed by a marked drop in CVP,
which led to a prerenal acute renal failure. Therefore, a
careful monitoring of the fluid balance with continuous
CVP measurement and intravenous volume repletion to
correct fluid loss is mandatory to lower the rate of AKI.
When pre-renal acute renal failure occurs protocol for
fluid replacement therapy tailored to maintain the CVP
value between 5 to 10 mmHg.

Diuretics have to be administered only in those pa-
tients with low left ventricular ejection fraction, severe
LV diastolic dysfunction, coexistence of severe mitral
regurgitation and RV dysfunction with severe pulmo-
nary hypertension; also patients with persistent oliguria
despite optimization of intravascular volumes and car-
diopulmonary hemodynamics could benefit from di-
uretic drugs.

Vascular complications. Femoral artery pseudoan-
eurism (FAP) is the most common vascular complication
after TAVI. Physical examination of vascular accesses
sites and peripheral pulses have to be systematically

performed every 3 hours looking for bleeding, pulsatile
hematoma or acute signs of limb ischemia. Color Dop-
pler ultrasound scanning can be performed in cases of
groin pulsatile masses to confirm or to exclude the pres-
ence of FAP. Manual compression repair under ultra-
sound monitoring significantly reduce the need for sur-
gical repair of FAP, leading to early patient ambulation
and short hospital stay. Surgical vascular intervention is
the preferred as first-line treatment in patients with
signs of acute haemodynamic compromission or if man-
ual compression failed (30,37).

Conduction Disturbances. These frequently consist
in Left Bundle Branch Block (LBBB), or advanced or com-
plete atrio-ventricular block (AVB) within the first 24
hours of TAVI. Complete AVB is a potential acute and
late complication of TAVI. It is hypothesized that contin-
ued prosthesis expansion can cause a mechanical trau-
ma to the conduction system, particularly in patients
with calcified aortic annulus, worsening pre-existing
conduction defects or generating new ones. The atrio-
ventricular node is in fact in close proximity to the sub-
aortic region and membranous septum of left ventricle
outflow tract. Therefore proper positioning of the pros-
thesis within the left ventricular outflow tract may limit
risk of conduction abnormalities and potentially the
need for pacing [39]. It is now recommended to position
the proximal end of the valve frame < 6 mm from the
lower edge of the noncoronary cusp. Permanent pace-
maker implantation is recommended as early as
possible.

Cerebrovascular accident is a rare complication,
ranging from 2to 4 % (7-12, 40,41) , they occur intrapro-
cedurally, and mostly are minor stroke. Severe aortic
arch calcificationscan be a source of increased emboliza-
tion during wire manipulation, catheter exchanges in
aorta and when the device is retrieved and then reposi-
tioned. In this case the flared distal part of the prosthe-
sis can scratched the atheromatous aortic wall resulting
in cerebral micro-embolization.

Thrombocytopaenia usually is caused by anticoagu-
lant therapy, as confirmed by the rapid and spontaneous
resolution after heparin withdrawal (42). The use of
fondaparinux as thromboembolic prophylaxis is attrac-
tive and we recently introduced in postoperative proto-
col as routine anticoagulation . All these data emphasize
the importance of a strict platelet count control.

Currently, the optimal antithrombotic prophylaxis
remains embroiled in controversies (43,44). About Cor-
evalve prosthesis, it is only speculated that before the
process of endothelization, the risk of thrombosis in-
duced by the prosthesis is high and that dual anti-
plateled therapy should be advocated for at least the
first three months after the implantation. However, tak-
ing into account that there are no reports on embolic
events after TAVI, the perceived high risk of developing
valve thrombosis and systemic thromboembolism may
not be real. Our experience shows that the use of dual
antiplatelet therapy is to some extent “empirical” and
that in selected patients, without unstable coronary ar-
tery disease, the long-life use of aspirin is effective,
more economic and possibly better tolerated by pa-
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tients. After TAVI dual antiplatelet therapy with aspirin
and clopidogrel for three up to six months is currently
recommended, but there is no scientific evidence sup-
porting this strategy (43). Therefore antithrombotic
therapy with aspirin alone can be offered in those pa-
tients at high risk of major bleeding

Conclusions

TAVI is a novel technique for the interventional cardi-
ologist, which requires a careful assessment of the clinical
conditions of candidate patients in order to have a safe
and effective procedure. The post-operative care needs
a level of attention higher than other percutaneous inter-
ventions, due to the high-risk characteristics of this pa-
tient population such as advanced in age, frailty and co-
morbidities. The potential complications are known, but
a standardized monitoring and management protocol
and a specific training of caregivers would be useful for
the early recognition and treatment of complications,
which will result in a more favourable outcome.
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