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Summary

Transcatheter aortic valve implantation using the Medtronic CoreValve is a well-established procedure. Although previously carried out 
only through the common femoral artery, today it is possible to perform the procedure through different arterial alternative access sites. 
A direct aortic approach through the ascending aorta could be carried out via a right anterior mini-thoracotomy in the second intercostal 
space. The pericardium is opened to expose the aorta. Two purse-string sutures are then placed on the ascending aorta and a standard 
retrograde CoreValve implantation is performed with the standard delivery system. Advantages, contraindications, surgical technique and 
results are discussed.
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INTRODUCTION

Severe aortic stenosis (AS) is the most frequent form of valvular 
heart disease in western countries and a major cause of cardiovas-
cular morbidity and mortality in the elderly. Parallel to increased 
life expectancy, and the larger elderly population, symptomatic AS 
has become a greater health problem with a prevalence of 5% in 
patients over the age of 75 years [1, 2].

Patients affected by AS can be asymptomatic until late in the 
course of the disease. However, once symptoms develop (i.e. 
angina, syncope and heart failure) the prognosis is poor, with 70% 
mortality at 3 years [3]. Aortic valve replacement (AVR), which is 
the standard treatment for these patients and Class I recommen-
dation by the American College of Cardiology (ACC)/ American 
Heart Association (AHA) and European Society of Cardiology 
(ESC) guidelines [4], reduces symptoms and prolongs life. It can be 
performed with acceptable mortality in elderly patients also. 
Otherwise, the mortality rate associated with AVR increases sub-
stantially if multiple comorbidities are present (i.e. significant left 
ventricular dysfunction, previous chest surgery, severe chronic 
obstructive pulmonary disease, liver or renal failure) [5]. That is 
why one-third of patients affected by severe AS may have been 
denied surgery in the 1990s [3].

Transcatheter aortic valves have been designed to treat specifi-
cally this group of elderly patients with multiple comorbidities con-
sidered high-risk surgical candidates [5]. To date more than  
40 000 patients with severe AS have undergone transcatheter aortic 
valve implantation (TAVI) utilizing the Medtronic CoreValve System 

(Medtronic, Inc., Minneapolis, MN, USA) mainly via the trans femo-
ral (TF) and the subclavian/axillary (SC) approach. Both the TF and 
subclavian approaches require peripheral arterial access and can-
nulation. In some patients, these approaches are contraindicated or 
have an increased risk of vascular complications, because of the 
presence of small vessel size, severe atherosclerosis, tortuosity or 
calcification. More recently, for patients with no suitable femoral or 
axillary access, alternative approaches have been described for the 
implantation of the CoreValve such as a direct aortic approach [6].

In this chapter, we describe the advantages, disadvantages and 
future applications of the direct aortic (DAo) implantation of the 
CoreValve bioprosthesis as an alternative access when the TF or 
the SC approach are not possible or desirable.

SURGICAL TECHNIQUE

The device

The Medtronic CoreValve is a multilevel self-expanding and fully 
radiopaque Nitinol frame with a diamond cell configuration that 
holds a trileaflet porcine pericardial tissue valve and anchors the 
device in the native anatomy (Photo 1). The frame design incorpo-
rates three different diameters and three totally different degrees 
of radial and hoop strengths, where the lower portion of the frame 
exerts the high radial force for secure valve annular anchoring and 
the upper part (accommodated into the ascending aorta) is the 
largest diameter portion of the nitinol frame with low radial force. 
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The valve is made of six individual pieces (three skirt elements and 
three leaflet elements) of porcine pericardium specifically engi-
neered for transcatheter delivery [7]. The CoreValve’s supra-annu-
lar design minimizes ellipticity at the valve level for optimal leaflet 
coaptation and performance.

The CoreValve is available in four sizes (23, 26, 29 and 31 mm) 
to serve a broad range of patients’ annulus from 18 to 29 mm. All 
four valves fit into an over-the-wire 18-Fr size compatible delivery 
system. The same delivery system should be used with all retro-
grade, arterial, access sites that received CE Mark for the CoreValve 
implantation (femoral, subclavian and DAo).

Room setup

Theoretically, the procedure should be performed in hybrid suits. 
As an alternative it can, however, be performed in a dedicated 

catheter laboratory with a sterile environment, because we 
believe that the quality of images is crucial during implantation. 
We performed our cases in a hybrid laboratory with a Siemens 
Artis Zeego system (Siemens AG, Erlangen, Germany), which,  
thanks to its multi-axis flexibility based on robotic technology, can 
be positioned in different locations around the patient to allow 
surgeons and cardiologists to work together during DA-TAVI 
implantation. All the cases were done with the backup of the 
heart–lung machine in the hybrid operating room.

The surgeon stands on the right side of the patient with the first 
assistant in front during access preparation; for valve deployment 
the surgeon remains on the right side with the cardiologist to his 
right side (Schematic 1, Video 1).

Patient selection

After the standard patient screening protocol that includes trans-
thoracic echocardiogram, complete left heart catheterization, 
 coronary angiography, with angiography of iliac and femoral arter-
ies and chest and aortic-iliac-femoral computerized tomography 
(CT) scan, the access route to be used was determined by the mul-
tidisciplinary team. We adopted a ‘transfemoral first’ selection pol-

Video 1: Hybrid room setup. The surgeon stands on the right side of the 
patient, first assistant is in front of him. Cardiologist is at the right side of the 
surgeon. Scrub nurse is in front of the surgeon. Anaesthesiologist and echocar-
diographist are at the head of the patient.
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Photo 1: Medtronic CoreValve bioprosthesis. (A) Top profile. (B) Side profile.

Schematic 1: Hybrid room setup for DAo transcatheter aortic valve implanta-
tion. S: surgeon; C: cardiologist; E: echocardiographist; SN: scrub nurse; CPB: 
cardiopulmonary bypass.






icy with criteria for a non-TF approach based upon the size and also 
the degree of tortuosity, calcification and atheroma of the aorto-
ilio-femoral arterial tree. Theoretical entry site evaluation is of para-
mount importance to consider the suitability of the DAo approach 
for a patient. Based on aortography but mainly on CT scan study 
and 3D reconstructions, the points to be considered are:

(i) Evaluation of calcifications. The points where the purse-
strings should be placed to perform TAVI must be identified, 
and this area should be free of calcium.

(ii) Trajectory of delivery. Based on CT scan 3D reconstructions 
and on aortography performed at implant, it is important to 
puncture the aorta so as to allow a perfect alignment of the 
TAVI device in the aortic annulus.

(iii) Distance from the annulus. To perform the CoreValve 
implantation safely, more than 6 cm is needed because the 
CoreValve is 5.5 cm in height.

Operative technique

All patients received 100 mg acetylsalicylic acid after the proce-
dure, which was continued lifelong. Clopidogrel was started the 
day after the procedure in patients not already on treatment, and 
continued for 3 months. Standard antibiotic prophylaxis was 
started before the procedure and continued for 3 days.

The procedures are performed in the hybrid suite by a ‘heart 
team’ composed of cardiac surgeons with expertise in hybrid pro-
cedures, interventional cardiologists, dedicated echocardiogra-
phists and cardiac anaesthesiologists, dedicated nurse and 
cardiopulmonary bypass cardio-technicians.

The patients are under general anaesthesia and mechanical 
ventilation; a double lumen endotracheal tube should be used for 
single left lung ventilation. Defibrillator pads are properly placed 
across the chest wall. During the procedure, 100 UI/kg of unfrac-
tionated heparin is administered to achieve an activated clotting 
time of 200–250 s for the duration of the procedure, and reversed 
with protamine at the end of the procedure. All operations are 
performed under direct fluoroscopy and 3D transoesophageal 
echocardiographic (TEE) guidance.

Step 1: Temporary pacemaker implantation

A temporary pacing lead is advanced in the right ventricle through 
the right jugular vein or the femoral vein, in patients without a 
permanent pacemaker, to treat possible post-procedure atrio-
ventricular blocks, and rapid ventricular pacing is performed dur-
ing balloon aortic valvuloplasty.

Step 2: Alternative arterial access

A 6-Fr pig-tail catheter is inserted for haemodynamic monitoring 
and landmark aortic angiography through the right radial artery or 
the best femoral artery.

Step 3: Right anterior mini-thoracotomy

A limited skin incision (5 cm) is made in the second intercostal 
space and intercostal muscles are divided. The right anterior 
 mini-thoracotomy is made such that the medial angle of incision 
is positioned just prior to the projection of the right internal mam-
mary artery 1.5–2 cm laterally to the sternal edge (Video 2).

Step 4: Pleural opening

After left lung mono-lateral ventilation or disconnection of the 
patient from the ventilator, to avoid lung injury, the pleural cavity 
is opened (Video 2). In redos, patient adherence should be 
established.

Step 5: Pericardial opening and exposure of the  
aorta

A small rib retractor or a soft-tissue retractor is used to open and 
expose the working field. The pericardium is incised, over the lat-
eral portion of the ascending aorta, and some stay sutures are 
placed to enhance visualization of the aorta (Video 3).

Step 6: Entry site evaluation

The ascending aorta is then evaluated by gentle digital palpation 
to find a safe entry site. Through a graduated pig-tail, a basal aor-
tography is then performed to measure the distance between the 
aortic annulus and the selected entry site in the ascending aorta, 
that should be marked by the tip of the forceps. The evaluation of 
the best perpendicular trajectory to the aortic annulus from the 
entry site is crucial to obtain a direct and straight line from the 
entry site to the aortic valve (Video 4).

Video 2: Right anterior mini-thoracotomy. The skin incision is performed at 
the level of the second intercostal space.

Video 3: The lateral portion of the mediastinum is exposed, the pericardium is 
opened and the ascending aorta exposed.
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Step 7: Purse-string

Two 3-0 purse-string sutures are placed on the selected spot, gen-
erally on the anterior-lateral aspect of the ascending aorta. The 
first is a non-pledgeted suture and the second is a pledgeted one 
(Video 5).

Step 8: Ascending aorta puncture

The ascending aorta is punctured with the Seldinger technique, 
within the purse-string sutures with a standard needle. A standard 
‘J shape’ 0.035″ guidewire is advanced versus the aortic valve, and 
a small-sized sheath (6–9 Fr) is then inserted into the ascending 
aorta over the guidewire (Video 6)

Step 9: Retrograde aortic valve crossing

The small-sized sheath allows the introduction of a catheter such 
as a 5-Fr multipurpose or a left Amplatz catheter, and a 0.035″ 
straight-tipped soft guidewire is used to cross the aortic valve ret-
rogradely. An exchange standard ‘J shape’ 0.035″ guidewire 
(180 cm) is advanced in the left ventricle (LV) and over it a pig-tail 
is inserted in the LV. After basal haemodynamic evaluation, a pre-
shaped Amplatz super stiff guidewire (Boston Scientific, Natick, 
MA, USA) is advanced in the LV, as in a standard CoreValve TF 
procedure (Video 7).

Step 10: 18-Fr sheath insertion

The small-sized sheath is removed from the ascending aorta and a 
Cook 30 cm Check-Flo Performer 18-Fr introducer (William Cook 
Europe, Bjaeverskov, Denmark) is inserted over the super stiff 
guidewire. During sheath exchange, a finger is used to avoid 
bleeding and an 11-blade knife should be use to allow the inser-
tion of the 18-Fr sheath into the aorta. A small rubber ring is 
placed 3–4 cm from the tip of the introducer to obtain a direct 
visualization of the sheath insertion depth into the aorta (Video 8).

Step 11: Valvuloplasty

During rapid ventricular pacing (rate 160–200/min) a balloon aor-
tic valvuloplasty is performed (Video 9).

Step 12: CoreValve implantation

Over the super stiff guidewire a CoreValve bioprosthesis is then 
carefully introduced and slowly retrogradely implanted under 
angiographic and fluoroscopic guidance. Immediately after 
CoreValve deployment, ascending aorta angiography is performed 
to assess the patency of the coronary arteries, as well as the pres-
ence and location of any paravalvular leak (Video 10). The delivery 
system is closed and removed; a pig-tail catheter is advanced into 
the LV to perform final haemodynamic assessment.

Video 4: Entry site on the ascending aorta and evaluation of the perpendicular 
trajectory and distance from the annulus.

Video 5: Pure-string suture at the entry site on the ascending aorta.

Video 6: Aortic cannulation with standard Seldinger technique and 9-Fr 
sheath insertion.

Video 7: Aortic valve is crossed retrogradely, in standard fashion. A preshaped 
super stiff wire is advanced in the left ventricle over a pig-tail catheter.
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Step 13: Closure

During fast pacing, to reduce aortic pressure, the 18-Fr sheath is 
removed. The purse-string sutures are knotted and the access site 
insertion is reinforced with pledgeted polypropylene sutures if 
necessary (Video 11). A final angiographic control should be per-
formed to assess the ascending aorta and entry sites. A 26-Fr 
round fluted chest spiral drain (Redax S.r.l., Mirandola, Italy) is 
placed at the level of the thoracotomy on the right side. The mini-
thoracotomy incision is closed in anatomical layers with particular 
attention to the medial angle of incision as the right mammary 
should be routinely checked for any lesion. The skin is approxi-
mated in a traditional manner with intradermic absorbable 
sutures (Video 12).

Procedure modifications

Upper mini-sternotomy: In case of a very vertical ascending aorta 
or if the aorta is shifted behind the sternum or to the left side a 
mini-sternotomy should be performed. A limited skin incision is 
made starting just below the sternal notch. A partial upper ster-
notomy is performed through the second or the third right inter-
costal space, and the pericardium is incised in midline to expose 
the ascending aorta. Two purse-string sutures are placed at the 
entry-site level and the procedure is performed as previously 
described.

RESULTS

From May 2008 to June 2013, 200 patients (105 females) with 
severe symptomatic AS and no reasonable surgical option due to 

Video 8: 18-Fr sheath insertion.

Video 9: Balloon aortic valvuloplasty.

Video 12: Thoracotomy closure.

Video 11: 18-Fr sheath removal.

Video 10: Retrograde CoreValve implantation.
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excessive risk, mean age 81.5 ± 9.7 years, were evaluated in our 
centre and considered eligible for a TAVI. Forty-seven patients (26 
females, mean age 81.3 ± 7.1) underwent CoreValve implantation 
directly from the ascending aorta through a right anterior mini-
thoracotomy. The current third generation CoreValve Revalving 
system with the standard retrograde delivery system was used in all 
patients. Mean Logistic EuroSCORE was 35.1 ± 19.8, main comor-
bidities were: Peripheral vasculopathy in 40 patients (85.1%), 
chronic renal failure in 34 patients (72.3%), severe pulmonary dis-
ease in 16 patients (34.1%); 10 patients (21.3%) were redo at TAVI. 
The duration of implantation was 130 ± 85 min; we used a 29-mm 
CoreValve in 22 patients (46.9%), a 26-mm device in 19 patients, a 
29-mm device in 4 patients and 2 patients received the 23-mm 
Evolute. The mean transaortic gradient decreased from 51.3 ± 14.8 
to 10.1 ± 3.8 mmHg. The paravalvular regurgitation was ≤ grade 2 
in 43 patients as assessed by periprocedural TEE. Seven patients 
required a permanent pacemaker implantation; 30-day mortality 
was 6.3% (3 patients). All discharged patients improved their New 
York Heart Association (NYHA) functional class and functional 
capacity and echocardiograms demonstrated good valve perfor-
mance up to 3 years, mean valve gradient 9 mmHg.

DISCUSSION

Since the first case of a successful transcatheter implantation of an 
aortic bioprosthesis made by Cribier et al. [8] in April 2002 done 
via the femoral vein with an antegrade (trans-septal) access, sev-
eral different access routes have been developed (transapical, 
subclavian) and successfully adopted in many centres [9–11].

The transapical (TA) approach using Edwards SAPIEN (Edwards 
Lifesciences, Irvine, CA, USA) was the first antegrade alternative 
route used, allowing the introduction of the Ascendra TA delivery 
system directly through the apex of the LV. However, the TA has 
some special technical limitations and also some potential and 
unique complications related to access site problems such as api-
cal rupture and delayed pseudoaneurysm formation; interference 
with postoperative respiratory dynamics due to thoracotomy and 
effects on left ventricular function due to purse-string suture on 
the ventricle [12–15]. Moreover, it is feasible only with dedicated 
antegrade delivery systems.

Peripheral arterial approaches for TAVI are less than ideal in cer-
tain patients either because of a high risk of arterial injury or 
because of a relative lack of control of device delivery in complex 
anatomical situations. The trans-subclavian retrograde approach 
is a feasible alternative access option with the CoreValve in 
patients with coexistent severe iliac-femoral arteriopathy and has 
shown excellent results [11, 16]. However, the axillary is a fragile 
artery and patients are not eligible for the subclavian approach in 
case of vessel diameter <6 mm, heavy calcification, excessive tor-
tuosity or tight subclavian stenosis not amenable to percutaneous 
balloon angioplasty. Moreover, this approach has to be consid-
ered cautiously in patients with a patent left internal mammary 
artery graft [11, 17].

In this scenario, a new alternative to femoral, TA and subclavian 
access has also been reported by other authors as a direct aortic 
access [6, 18–20] that could represent an intriguing alternative to 
TAVI in high-risk patients in whom the femoral approach was 
deemed unsuitable.

Direct aortic TAVI should be considered either a mirror image 
of the TA procedure or a TF procedure through the aorta, with the 

special advantages of high control of valve deployment with no 
adverse effect on the LV structure or function. Exposure of the 
aorta is a common skill for a cardiac surgeon; moreover, the 
majority of open heart operations are performed with cannula-
tion of the aorta within two purse-string sutures, like in DAo. For 
TAVI, the surgeon has to be trained in the principles of catheter-
ization techniques such as the Seldinger technique, wire exchanges 
and maintaining wire positions, shifting his focus from the surgical 
field to the imaging screen. Right mini-thoracotomy is routinely 
used for minimal invasive AVR [21].

The control of the delivery system is dramatically enhanced 
because any force is directly transmitted one-to-one without any 
loss of pushability and trackability compared with a TF approach. 
A co-axial trajectory to the aortic valve plane allows a perfect 
alignment of the TAVI device in the aortic annulus. This undoubt-
edly facilitates more accurate valve deployment, which might be 
particularly useful in patients with complex anatomical or patho-
physiological conditions (horizontal ascending aorta, large annu-
lar sizes and primary aortic regurgitation).

The different approaches (mini-sternotomy versus right thora-
cotomy) may be more suited to an individual patient depending 
on CT scan evaluation; a mini-sternotomy should be easier if the 
aorta is in the midline, shifted to the left side or deeper. The 
advantage of performing implantation through a right anterior 
mini-thoracotomy is more evident in redo patients, in whom a 
repeat sternotomy, even if partial, is a challenging procedure; 
indeed, right thoracotomy requires only limited dissection at the 
entry site on the ascending aorta (Photo 2) and is feasible also in 
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Photo 2: Dissection needed for DAo transcatheter aortic valve implantation 
via a right mini-thoracotomy in redo patients.



patients with patent venous grafts’ proximal anastomosis on the 
ascending aorta [22].

The only contraindications for this approach are a complete 
porcelain aorta with the presence of calcium in the theoretical 
entry site zone or a chest anatomical deformity.
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