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A b s t r a c t

Transcatheter aortic valve implantation (TAVI) is an alternative option for the treatment of severe aortic stenosis in patients
carrying an elevated operative risk of conventional surgical aortic valve replacement (AVR). Recently, data from randomised
clinical trials confirmed superiority of TAVI when compared with the conservative treatment in inoperable patients, and its
non-inferiority when compared with AVR in a high-risk population.

Transfemoral vascular access remains the preferred route for delivering the bioprosthesis. However, in a significant propor-
tion of patients, the presence of severe iliac-femoral arteriopathy or small vessel diameter render the transfemoral approach
unusable. In this article, we report the first Polish experience of two successful TAVI procedures with bioprostheses (both
balloon- and self-expandable) delivered using direct aortic access.
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INTRODUCTION
In the recent years, transcatheter aortic valve implantation
(TAVI) has become an alternative therapeutic approach le-
ading to acceptable outcomes in patients with severe, symp-
tomatic aortic valvular stenosis at high perioperative risk or
deemed unsuitable candidates for conventional surgical aor-
tic valve replacement (AVR) [1–3]. The role of this therapy in
high-risk patients was confirmed by the results of the rando-
mised PARTNER study which showed that TAVI was associa-
ted with similar long-term outcomes compared to AVR but
was significantly superior (yielding 20% reduction in mortali-
ty) to medical treatment combined with aortic valvuloplasty
[4, 5].

Currently, two types of aortic bioprostheses are availa-
ble, the balloon-expandable Edwards SAPIEN™ device
(Edwards Lifesciences, Irvine, CA, USA) and the self-expan-
dable CoreValve™ device (Medtronic Inc., Minneapolis, MN,

USA). For both devices, basic approach to perform TAVI is
femoral artery cannulation, insertion of the device through
the aorta, and retrograde device implantation. Transfemoral
vascular access combined with effective femoral artery punc-
ture occlusion systems (e.g., Prostar XL™, Abbott Vascular)
makes this procedure fully non-surgical. However, coexisting
peripheral arterial disease, small femoral and/or iliac vessel
diameter (< 6 mm) or concomitant aortic aneurysm render
the transfemoral approach unusable in some patients. In the-
se cases, alternative approaches have been used for many
years (transapical approach for the Edwards SAPIEN device
and left transsubclavian approach for the CoreValve device).
These alternative approaches also have some limitations, such
as bleeding, pseudoaneurysms, adverse ventricular remodel-
ling, chronic postoperative pain and hindered respiratory re-
habilitation with the transapical approach, while the left trans-
subclavian approach is not advisable in patients with functio-
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tem sheath, this site should be located no less than 5 cm from
the aortic annulus. Preoperative CT of the chest excluded exten-
sive calcifications within the aortic wall. Aortic wall was punc-
tured using the Seldinger technique, and the aortic valve was
crossed with a stiff Amplatz Ultra Stiff™ guidewire, curved at
the tip to minimise the risk of left ventricular (LV) wall perfora-
tion. Then, the Ascendra2 system sheath was introduced thro-
ugh the ascending aorta and the native valve was predilated
using a Nucleus 22 ¥ 40 mm balloon (NuMED Canada Inc.)
during rapid cardiac pacing at 160 bpm. Finally, after precise
positioning, an Edwards Sapien XT 29 mm valve was implan-
ted. Of note, as the bioprosthetic valve is implanted using
a retrograde approach, it must be crimped before mounting on
the application system. Follow-up aortography showed an ap-
propriate position of the bioprosthesis without valvular regurgi-
tation. Mean transvalvular gradient was reduced to < 5 mm Hg.
After removal of the Ascendra2 system, pursestring sutures on
the aorta were tied with a very good haemostatic effect. The
procedure concluded with insertion of mediastinal drainage
and multiple layer suturing to close the sternotomy wound.
Follow-up echocardiography showed good position of the
bioprosthesis, with trace perivalvular regurgitation (1+) and
no transvalvular gradient with the AVA of 1.5 cm2. The patient
was discharged home in a good clinical condition on the
12th day after the procedure. Another follow-up echocardio-
graphic examination at 1 month confirmed normal function of
the bioprosthesis. Vascular access and subsequent stages of
the implantation procedure are shown in Figures 1 and 2.

Case 2
An 80-year-old man with severe aortic stenosis (AVA 0.6 cm2,
Vmax 4.5 m/s, peak gradient 80 mm Hg, mean gradient
46 mm Hg, LVEF 51%) and a history of NYHA class II heart
failure, 3 previous inferior wall myocardial infarctions, percu-
taneous coronary intervention involving the left anterior de-
scending artery and the marginal branch, paroxysmal atrial
fibrillation, peripheral arterial disease (previous thrombendar-
terectomy of the right common femoral artery with profun-
doplasty and application of PTFE patch, occlusion of the left
internal carotid artery), diabetes type 2, and chronic kidney
disease. The size of the aortic annulus was measured at
26 mm by transoesophageal echocardiography and CT angio-
graphy. Due to concomitant peripheral arterial disease and
a tortuous course of the left subclavian artery, the patient was
selected for TAVI with the use of CoreValve device implan-
ted through the ascending aorta.

In this case, aortic access was obtained by right anterior
minithoracotomy with a 5 cm incision in the second interco-
stal space and preservation of the right internal mammary ar-
tery. The use of a small costal retractor allowed good visuali-
sation of the anterior mediastinum and the ascending aorta
after incision of the pericardial sac. Similarly to the first case,
the distance between the aortic annular plane and the site of

ning left interior mammary artery graft, and it may pose signi-
ficant technical problems in case of bleeding [6–8].

In this study, we report on two first TAVI procedures per-
formed in Poland (on Jun 22, 2011, and Jul 01, 2011) using
a novel approach directly through the ascending aorta (direct
aortic access) for the implantation of both Edwards SAPIEN
and CoreValve devices.

CASE REPORTS AND OPERATIVE TECHNIQUE
Procedures were performed under general anaesthesia in the
cardiac catheterisation laboratory of the 1st Department of
Cardiology, Medical University of Warsaw. Acetylsalicylic acid
(ASA) (both patients) and clopidogrel (only CoreValve) were
given for a minimum 5 days before the procedure at a dose
of 75 mg/day. We also used standard antibiotic prophylaxis
which was continued for 5 days after the procedure. At the
beginning of the procedure, unfractionated heparin was
given at 80 IU/kg to increase activated clotting time to 200–
–300 s. A pigtail angiography catheter was introduced through
the right femoral artery. Intracavitary lead for rapid ventricu-
lar pacing during aortic valvuloplasty and bioprosthesis im-
plantation, as well as treatment of potential postoperative
conduction disturbances was inserted trough a femoral vein
into the right ventricle.

Case 1
A 73-year-old man with severe aortic stenosis (aortic valve
area [AVA] 0.8 cm2, Vmax 4.8 m/s, peak gradient 93 mm Hg,
mean gradient 59 mm Hg, left ventricular ejection fraction
[LVEF] 55%) and a history of New York Heart Association
(NYHA) class II heart failure, empty sella syndrome, adreno-
cortical insufficiency, hypothyroidism, Eales disease (blind-
ness of the left eye, impaired vision after vitrectomy in the
right eye), chronic obstructive pulmonary disease, and chro-
nic kidney disease. Due to a high risk of ophthalmologic com-
plications in the right eye (history of recurrent vitreous ha-
emorrhages) in case of dual antiplatelet therapy, the patient
was selected for TAVI with the use of Edwards SAPIEN devi-
ce, which may be managed with ASA only. The device had
to be implanted using direct aortic access, as the size of the
aortic annulus (25–26 mm by transoesophageal echocardio-
graphy and computed tomography [CT] angiography) preclu-
ded implantation using transfemoral approach.

Access to the ascending aorta was obtained by J-shaped
partial upper sternotomy. Pericardial sac was open to visualise
the distal portion of the ascending aorta. Using angiographic
imaging, the distance between the aortic annular plane and
the site of aortic puncture was measured. The exact site where
the aortic wall was crossed with the device application system
was chosen based on transoesophageal echocardiographic
imaging combined with direct palpation of the ascending aorta
and protected with two concentric pursestring sutures. Due to
the length of the valvuloplasty balloon and the application sys-
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After predilatation of the native valve using a balloon catheter
Nucleus 22 ¥ 60 mm (NuMED Canada Inc.), a 29 mm self-
expandable CoreValve bioprosthesis was implanted. Due to
moderate perivalvular leak noted in follow-up angiography,
the device was additionally expanded using a Z-Med 28 ¥
¥ 40 mm balloon. The application system was then removed,
pursestring sutures on the aorta were tied with a very good
haemostatic effect, right pleural drainage was inserted, and
the procedure concluded with multiple layer suturing to clo-
se the minithoracotomy wound. Follow-up echocardiogra-
phy showed a moderate (2+) perivalvular regurgitation along
the interventricular septum, peak gradient of 14 mm Hg, mean
gradient of 6 mm Hg, and AVA of 1.4 cm2. The patient was
discharged home in a good clinical condition on the 15th day
after the procedure. Another follow-up echocardiographic
examination at 1 month confirmed normal function of the
bioprosthesis. About 4 months later, due to evidence of the
bradycardia-tachycardia syndrome in a follow-up Holter
monitoring at 3 months and abortive Morgagni-Adams-Sto-
kes attacks, a VVI pacemaker was implanted without compli-
cations. Vascular access and subsequent stages of the implan-
tation procedure are shown in Figures 3 and 4.

DISCUSSION
Surgical AVR is currently the standard therapeutic approach
in the management of severe aortic stenosis in patients at low
to moderate surgical risk. However, perioperative mortality
increases significantly in the elderly population with often
impaired LV systolic function and numerous concomitant
diseases [9]. It has been estimated that AVR is never contem-
plated in 30–40% of patients with high operative risk [10].
TAVI, which is less invasive and associated with less proble-
matic rehabilitation following the procedure, has become
more and more commonly used alternative therapeutic ap-
proach in patients at high surgical risk of AVR.

However, some questions regarding the choice of opti-
mal vascular access for TAVI remain unanswered. Limitations
of the transfemoral approach are mostly related to the size,
course, and quality of femoral and iliac vessels. Manipulating
the application system through the whole length of the syste-
mic arterial system is always associated with a potential risk
of dangerous complications which is reduced by shortening
the intravascular access route. Similarly, a small diameter
(< 6 mm), tortuous course or a significant stenosis of the left
subclavian artery may preclude using this vessel as the access
route. Performing TAVI with insertion of the device through
the left subclavian artery is also relatively contraindicated in
patients with patent left interior mammary artery graft. In ad-
dition, this approach may pose significant technical problems
in case of bleeding [11].

The transapical approach, which offers the shortest ana-
tomical route for aortic valve bioprosthesis implantation, also
has some disadvantages. Every experienced cardiac surgeon

aortic puncture was measured using angiographic imaging.
TAVI catheters were introduced using the Seldinger techni-
que through the anterolateral aortic wall, and the puncture
site was protected with two concentric pursestring sutures.

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. A.A.A.A.A. Ministernotomy and visualisation of the ascending
aorta; B.B.B.B.B. Vascular sheath insertion into the ascending aorta,
with the puncture site protected with two concentric purse-
string sutures; C. C. C. C. C. Surgical wound
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Figure 2.Figure 2.Figure 2.Figure 2.Figure 2. Subsequent stages of the implantation of the bioproshesis — case 1; A.A.A.A.A. Puncture of the anterior aortic wall; B.B.B.B.B. Predilata-
tion of the aortic annulus using a balloon catheter introduced with an Amplatz Ultra Stiff guidewire; C.C.C.C.C. Positioning of a 29 mm
Edwards SAPIEN bioprosthesis; D.D.D.D.D. Final effect of the procedure — appropriately positioned and expanded bioprosthesis

will confirm that in the elderly patients, the quality of LV api-
cal tissues is a critical factor affecting the risk of local surgical
complications which may affect the final effects of the proce-
dure in patients with high operative risk. It has been confir-
med that such complications as LV apex perforation or rup-
ture are associated with an increased periprocedural mortali-
ty [6]. Despite a reduction in size of the application systems
(currently 22 F), complications related to apical cannulation
occur in 2–6% of patients [6]. The transapical approach may
be technically difficult in case of interventricular septal hy-

pertrophy, particularly if there is a significant kinking betwe-
en the LV outflow tract and the proximal ascending aorta,
with the presence of calcifications within the apex or the pe-
ricardial sac, and also in patients after previous LV myoplasty
procedures. Despite preventive measures (e.g., use of rapid
cardiac pacing to reduce tissue strain while tying apical pur-
sestring sutures), LV apical bleeding continues to occur in
3–10% of patients [12]. A late complication is the development
of apical pseudoaneurysm, rupture of which is associated with
a 25% mortality risk due to cardiac tamponade [6, 7].
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a reduction in postoperative respiratory and bleeding com-
plications [15, 16]. Preserved diaphragm functioning, no need
to drain the left pleural cavity, and reduced postoperative pain
contribute significantly to improved respiratory function. Di-
rect aortic access should be considered in case of contraindi-
cations to anterolateral thoracotomy due to poor respiratory
function (FEV1/FVC < 70% and FEV1 < 60% of the predic-
ted value or FEV1 < 1 L) or poor LV systolic function (LVEF
< 20%). Achieving normal haemostasis at the site of TAVI
system insertion (the same which is typically used for aortic
cannulation before starting cardiopulmonary bypass) is easier
compared to the transapical access. With poor quality of LV
apex tissue, closing the cannulation site may be problematic,
while even atherosclerotic aortic wall will not pose problems
with haemostasis upon tying pursestring sutures. In patients
with a very low LVEF, even small scar resulting from healed
apical cannulation site or resolution of subepicardial periapi-
cal haematoma may lead to further postoperative reduction
in LVEF. In such cases, direct aortic access may help preserve
LV systolic function.

With direct aortic access, a small distance between the
vascular sheath insertion site and the aortic valve itself allows
easy procedural control, including when crossing the steno-
tic valve with an angioplasty guidewire, positioning a valvulo-
plasty balloon, and determining the appropriate position of
the bioprosthesis within the aortic annulus. Partial sternoto-
my and good visualisation of the ascending aorta may also
allow rapid conversion to full sternotomy with typical aortic
cannulation for the purpose of instituting cardiopulmonary
bypass should acute and life-threatening complications oc-
cur, such as coronary artery occlusion, migration of the bio-
prosthesis, or rupture of the aortic annulus.

Direct aortic access technique requires manipulations
within the ascending aorta which may pose a potential risk of
peripheral and central nervous system embolism. It seems,
however, that the transfemoral approach, with its longer ro-
ute from the vascular access site to the aortic annulus, may
be associated with even higher embolic risk, particularly due
to the fact that with that technique the application system is
advanced through the aortic arch. Advanced atherosclerosis
of the aorta (so-called porcelain aorta) is an obvious contrain-
dication to TAVI using direct aortic access. However, even
with diffuse calcifications within the aortic wall it is often po-
ssible to identify, using CT angiography or intraoperative trans-
oesophageal echocardiography, a sufficiently large area wi-
thin the anterior aortic wall that is free from atherosclerotic
plaques and permits safe cannulation for the purpose of per-
forming TAVI using this approach. Partial sternotomy may also
allow use of the innominate artery as an alternative site of
vascular access. Particular caution is necessary, however, in
patients with previous coronary artery bypass grafting, in whom
the right internal mammary artery used as a bypass graft runs
superficial to the ascending aorta.

The first to perform TAVI using the ascending aorta as
the vascular access site were Bauernschmitt et al. [13] (Core-
Valve device) and Bapat et al. [14] (Edwards SAPIEN device).
Potential benefits of the direct aortic access are related to

Figure 3.Figure 3.Figure 3.Figure 3.Figure 3. A.A.A.A.A. Right anterior minithoracotomy and visualisation
of the ascending aorta; B.B.B.B.B. Vascular sheath inserted into the
ascending aorta, with the puncture site protected with two
concentric pursestring sutures; C.C.C.C.C. Surgical wound
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Figure 4.Figure 4.Figure 4.Figure 4.Figure 4. Subsequent stages of the implantation of the
bioproshesis — case 2; A.A.A.A.A. A 6 F vascular sheath and an
angioplasty guidewire inserted through the anterior aortic wall;
B.B.B.B.B. Predilatation of the aortic annulus using a balloon catheter
introduced with an Amplatz Super Stiff guidewire; C.C.C.C.C. Appro-
priately positioned and expanded 29 mm CoreValve bioprosthe-
sis; D.D.D.D.D. Postdilatation with a Z-Med 28 ¥ 40 mm balloon
catheter; E.E.E.E.E. Final effect of the procedure
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European cardiology and cardiac surgery societies recom-
mend performing TAVI procedures in dedicated hybrid ope-
rating rooms which combine advantages of a cardiac cathe-
terisation laboratory (excellent angiographic visualisation and
haemodynamic monitoring) and a surgical operating room
(large space, laminar flow, high sterility level, and possibility
of a rapid conversion to conventional AVR) [17]. These con-
ditions allow for both high procedural effectiveness and pa-
tient safety and are particularly desirable in patients requiring
surgical approach to perform TAVI (i.e., through the left sub-
clavian artery, ventricular apex, or the ascending aorta). A short
history of TAVI procedures in Poland combined with obvious
logistic and financial considerations resulted in the fact that
the reported procedures (and all other TAVI procedures per-
formed in our centre in 2010 and 2011) were still performed
in a conventional cardiac catheterisation laboratory with full
cardiac surgical backup. Since early 2012, all TAVI procedu-
res undertaken at the Medical University of Warsaw, inclu-
ding those attempted using true percutaneous transfemoral
approach, will be performed in a dedicated hybrid operating
room located within our cardiac surgical operating theatre.

SUMMARY
If performing TAVI via the transfemoral approach is not feasi-
ble, direct aortic access is a safe and effective alternative ac-
cess route, particularly in view of potential limitations and
complications of the transapical approach.
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S t r e s z c z e n i e

Przezcewnikowa implantacja zastawki aortalnej (TAVI) jest alternatywną opcją terapeutyczną u pacjentów z ciężką stenozą
zastawki aortalnej, charakteryzujących się wysokim ryzykiem klasycznej chirurgicznej wymiany zastawki. Dane z ostatnich
badań randomizowanych wskazują na istotną redukcję śmiertelności u chorych nieoperacyjnych leczonych za pomocą TAVI
w porównaniu z osobami leczonymi zachowawczo oraz na brak istotnych różnic w śmiertelności u pacjentów wysokiego
ryzyka w porównaniu z klasycznym zabiegiem chirurgicznym.

Dostęp przezudowy jest obecnie najczęstszą i preferowaną drogą dostarczenia biologicznej protezy zastawki. Jednak mała
średnica naczynia lub obecność istotnych zmian miażdżycowych w obrębie tętnic biodrowych i udowych wyklucza zastoso-
wanie tej techniki. W niniejszej pracy przedstawiono doświadczenia własne dotyczące dwóch pierwszych w Polsce zabie-
gów TAVI wykonanych z bezpośredniego dostępu aortalnego.

Słowa kluczowe: TAVI, stenoza aortalna, bezpośredni dostęp aortalny
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