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Abstract 

In the past decade, the incidence 
of severe aortic stenosis has been 
high because of population aging. 
Guidelines have recommended 
transfemoral transcutaneous aortic 
valve implantation (TAVI) for a 
wider patient population, because 
of technical improvements and 
increased experience among physicians. 
Peripheral artery disease often 
accompanies aortic stenosis and is 
an important contraindication for 
transfemoral TAVI. Currently, new 
access sites for TAVI are used in cases 
with high surgical risk. We performed 
the first two axillary TAVI procedures 

Izvleček

V zadnjih desetletjih se spoprijemamo 
s porastom števila bolnikov s hudo aor-
tno stenozo. Zaradi napredka tehnike 
in izkušenj pa se starostna meja za 
vgraditev aortne zaklopke po dimeljski 
(femoralni) arteriji – femoralni TAVI 
(transcutaneous aortic valve implan-
tation) postopoma znižuje. Bolniki z 
aortno stenozo imajo pogosto periferno 
arterijsko bolezen, pomembne zožitve 
na pelvičnih arterijah pa lahko onemo-
gočijo perkutani transfemoralni pristop 
(brez kirurške preparacije). V primeru 
visokega tveganja za klasično kirurško 
menjavo zaklopke razvijajo nove meto-
de žilnega pristopa za TAVI. V Mari-
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INTRODUCTION

Aortic stenosis is the most common cause of heart failure 
in industrialized countries. Because of its degenerative 
nature, its incidence increases with age. Patients usually 
present with dyspnea, congestive heart failure, or syncope. 
Symptomatic severe aortic stenosis is a fatal disease with 
a mortality rate of 80% within 5 years. (1).
In older patients, surgical replacement is usually associated 
with a higher risk of perioperative complications and 
death. Therefore, percutaneous techniques are currently 
recommended as the first-choice therapy (2).
Minimally invasive aortic valve implantation was first 
introduced by cardiac surgeons with transapical or 
transaortic valve implantation. To avoid thoracotomy, 
a transarterial procedure was developed to implant the 
prosthetic valve via the femoral artery. After downsizing 
of the delivery system and the development of new 
techniques to close the large punctures in the access sites 
(3), transfemoral transcutaneous aortic valve implantation 
(TAVI) can now be performed in a “minimalistic” 
manner in patients under local anesthesia and conscious 
sedation (4). This strategy substantial shortens hospital 
stays by enabling early patient mobilization and resulting 
in fewer hospital-acquired infections (5).
Post procedural rehabilitation may be prolonged by the 
development of AV (atrioventricular) block the need for 
a permanent pacemaker. According to patient specific 
factors, patients need a pacemaker in as many as 20% 
of cases. 
All access strategies depend on the patient’s anatomy. 
The straightest and largest vessel without excessive 
calcification and tortuosity is preferred. In cases of severe 
peripheral arterial disease with unfavorable access for 
the transfemoral approach, other vascular routes have 
been introduced.
Beyond the femoral approach, TAVI can also be 
performed via other major arteries. Because of the 
possibility of performing a completely percutaneous 
procedure, we chose transaxillary TAVI in two patients 

who were not candidates for transfemoral TAVI. These 
two cases are presented in the following section.

CASE REPORTS

In both patients, surgical aortic valve replacement 
was rejected because of comorbidities and the high 
perioperative risk. Because of severe peripheral artery 
disease, the vascular lumen was too small for transfemoral 
TAVI. Computed tomography angiography (CTA) of the 
upper extremities in both patients indicated a good left 
axillary access site; acceptable left subclavian artery exit 
angle; and adequate aortic annulus, aortic sinus, and 
coronary take-off anatomy. 
After an extensive literature review, we decided to 
perform the first procedures under general anesthesia. 
Considering the proctor’s advice, we surgically prepared 
the puncture site to avoid potential problems and 
complications with percutaneous closure in the first 
cases.
A 76-year-old woman was admitted to hospital care for 
syncope and progressive dyspnea. The procedure was 
technically challenging because the ascending aorta was 
horizontal, thus making passage of the delivery system 
through the native valve difficult. After predilation and 
careful adjustment, the TAVI valve was successfully 
implanted. Despite the use of an optimal implantation 
position, the patient developed transient complete AV 
block and had a permanent pacemaker implanted after 3 
days. After 1 week, she was discharged in good condition.
An 83-year-old man was electively referred for TAVI. 
The left subclavian and left carotid arteries were 
severely calcified, particularly their outlets. Notably, 
the subclavian artery was more difficult to pass than 
expected, but passage of the valve was achieved through 
use of a different stiffer introducer wire. The patient 
developed neurologic symptoms in the first 12 hours after 

boru smo opravili dva posega po pazdušni (aksilarni) arteriji. 
Primera bomo v članku tudi predstavili.

at our institution. The two patients are described in this case 
report.
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the procedure and required a stent for left carotid stenosis. 
We hypothesized that cerebral hypoperfusion was caused 
by the prolonged pulseless state during valve implantation 
(due to high-frequency temporal pacing) and excessive 
manipulation during passage through the subclavian artery 
(near the exit of the left carotid artery). The patient was 
discharged with mild neurological sequelae.
Both patients reported good health at follow-up. 
Echocardiography  after six months showed good 
function of the TAVI prosthetic valve.

DISCUSSION

TAVI can be performed via alternative routes. In fact, 
the first TAVI in humans was performed via the femoral 
vein with transseptal puncture in a retrograde fashion. 
Currently, this method is rarely used, because the 
delivery systems are very rigid and have been optimized 
to provide sufficient thrust via the transfemoral route. 
Transaortic and transapical procedures represent a step 
backward from the original idea of percutaneous access, 
because they require a small thoracotomy, surgical access 
preparation, and hemostasis. Transapical procedures 
are rarely used because of their relatively higher 
bleeding complication rates. In the quest to achieve a 
completely percutaneous approach, transaortic access 
is now being replaced by transcarotid and transaxillary 
access. The transcarotid approach has been introduced 
in recent years. This approach requires at least some 
surgical vascular preparation and anesthesia, and is also 
uncomfortable for the operator (6). The transaxillary 
approach is the most recently described approach 
to the peripheral arteries. This approach involves a 
more ergonomic set up for the procedure and can be 
performed completely percutaneously, but closing the 
puncture site can sometimes be challenging (7). Another 
completely percutaneous approach is the transcaval 
approach. This approach is rarely used because it requires 
specialized equipment, thus increasing the overall cost 
of the procedure (8).
Femoral arterial access is unsuitable for large bore 
procedures in 13–20% of cases, owing to extensive 
atherosclerosis from previous procedures such as bypass 
surgery, patching, or endovascular treatment. In contrast 
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Figure 1: Transaxillary TAVI with surgical cut-down 
of access site. Guidewire in left ventricle with TAVI in-
troduction sheath to level of native aortic valve, second-
ary arterial access form femoral artery (pigtail catheter 
tip at aortic valve), temporary pacemaker lead in right 
ventricle, TEE probe.

Figure 2: Balloon inflation of TAVI valve with deliv-
ery system on guidewire in left ventricle, pigtail cathe-
ter as marker at level of native aortic valve, temporary 
pacemaker lead in right ventricle during rapid pacing.
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to the femoral artery, the axillary artery is generally spared 
from extensive atherosclerotic disease. The axillary 
artery was originally used for coronary interventions or 
placement of short-term mechanical circulatory systems 
(9). Percutaneous transaxillary procedure is traditionally 
performed through a surgical incision to achieve more 
precise puncture and hemostasis (Fig. 3). Controlled 
hemostasis is also the most important advantage of 
surgical access compared with percutaneous access.
The tranaxillary approach has some potential 
disadvantages and warrants several considerations. The 
axillary artery is an elastic artery that is susceptible to 
dissection and rupture. CT may reveal excessive tortuosity 
or calcification, which may limit the use of large devices 
and may lead to dissection or embolization of calcium. 
LIMA graft is a contraindication for left axillary access, 
and large tubes may impair flow to the revascularized 
area. Pacemakers or defibrillators may also interfere with 

puncture at a shallow angle. Special attention should 
be paid to the aorto-sublclavian angle of descent. An 
excessively steep exit angle may make handling of the 
cable and delivery system difficult (8).

Given the relatively short distance from the puncture 
site to the aortic valve, transaxillary TAVI is technically 
challenging (Fig. 1). Traversing the valve usually requires 
deep sheath insertion and its retrieval before valve 
implantation. These maneuvers can both mobilize 
calcium in the subclavian artery and cause direct 
interaction of sheath with the diseased aortic valve. 
The procedure requires careful periprocedural heparin 
anticoagulation, and monitoring of neurologic status and 
hemodynamics after admission to the ward. Compared 
with transfemoral TAVI, transaxillary TAVI has a higher 
stroke rate (10) 
In our cases, we encountered most of the above 
challenges. The first case had a low aorta-annular angle, 
which is rarely referred to as horizontal aorta in the 
literature (Fig. 2). This angle is unfavorable because 
advancement of the sheath and system to the level of 
the aortic valve requires more forceful movement. Rapid 
forward motion may cause sheath and delivery system to 
slip through the valve and perforate the coronary sinus or 
left ventricle. To achieve good positioning of the TAVI 
valve, special attention must be paid to good operator 
coordination. In the case of optimal valve position, heart 
block is usually caused by native valve calcium that has 
been pushed to the aortic anulus side and damage nearby 
conduction system.
In general, TAVI practice using alternative non-
femoral approaches differs across countries. Long-term 
observational studies have shown that the transfemoral 
approach is the gold standard for TAVI. The number 
of patients ineligible because of atherosclerosis can 
be decreased by periprocedural lesion modification 
techniques such as lithotripsy. Other approaches are 
possible but require additional device optimization and 
operator skills. These modalities are more challenging 
for teams such as ours, because cardiologists are not 
routinely involved in percutaneous procedures on 
peripheral arteries. According to best clinical practice, 
TAVI centers should choose one additional approach, 
because the number of these procedures is usually small.
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Figure 3: Control left subclavian angiography after 
surgical closure of access site.
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CONCLUSION 

New percutaneous techniques and procedures in the 
field of structural heart disease are rapidly evolving. 
Although both procedures were challenging, we were 
able to successfully implant both valves. However, the 
procedure requires a multidisciplinary approach (TAVI 
team, cardiology department team, anesthesia team, 

and cardiac surgery team) to support the vision of state-
of-the-art care for these vulnerable patients. Moreover, 
these procedures were successfully performed despite the 
unfavorable COVID-19 situation and travel restrictions, 
and collaboration was key to success.




