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Abstract

Despite the less invasive nature of transcatheter aortic valve implantation (TAVI ) compared to conventional surgical aortic val
ve replacement, the transcatheter procedure is not free of relevant complications such as vascular complications, renal function 
impairment, stroke, coronary occlusions and aortic rupture.
Vascular complications significantly influence the immediate, mid and longterm clinical outcome; renal function impairment 
is also serious concern since most TAVI candidates have poor kidney function; stroke is the most threatening pitfall of TAVI sin
ce so far, its occurrence is largely unpredictable and hardly avoidable and lastly coronary occlusions and aortic rupture are rare 
but potentially fatal events. But all of  these can likely be contained with an accurate preintervention selection of patients and 
techniques.
In this article, we describe some challenging cases as examples to disclose the strategies applied for the management or pre
vention of complications in the experience with TAVI started in mid2010 and since over 100 patients with high risk symptoma
tic aortic stenosis were treated in the University of Verona, Italy, using full percutaneous transfemoral approach with the use of 
closure device.
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Abbreviations MG mean gradient
AVS aortic valve stenosis PG peak gradient
AVA aortic valve area PVD peripheral vascular disease
CABG coronary artery bypass surgery TAVI transcatheter aortic valve implantation
CFA common femoral artery TEE transesophageal echocardiography
CKD chronic kidney disease TTE transthoracic echocardiography 
CT computerized tomography SAVR surgical aortic valve replacement
LVEF left ventricle ejection fraction SFA superficial femoral artery

INTRODUCTION

Following experimental work with transcatheter 
valves in the 1990s,1,2 the first-in-man transcathe-
ter aortic valve implantation (TAVI) was performed 
by Alain Cribier and colleagues in 2002.3 Recently, 
technology has developed very rapidly and, to date, 
more than 40,000 transcatheter valves have been 
implanted worldwide.4 The results of the prospec-
tive, randomized Placement of Aortic Transcathe-
ter Valves (PARTNER) trial have provided defini-
tive data confirming this therapeutic option as an 
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alternative to standard surgical aortic valve replace-
ment (SAVR) in inoperable and high surgical risk 
patients.5,6

Despite the less invasive nature of TAVI compared 
to conventional surgical aortic valve replacement 
(SAVR), the trans-catheter procedure is not free of 
relevant complications; among these, vascular com-
plications are the most common, and significantly in-
fluence the immediate, mid and long-term clinical 
outcome.5-7 Renal function impairment is a serious 
concern since most TAVI candidates have poor kid-
ney function, which is a strong predictor of adver-
se outcome at long-term.5-9 Contrast administration 
and embolization of atherosclerotic debris may cau-
se either contrast-induced nephropathy or embolic 
renal damage; therefore, implementation of preven-
tive measures to minimize the risk of renal damage 
is of outmost importance. Stroke is the most threate-
ning pitfall of TAVI since so far, its occurrence is lar-
gely unpredictable and hardly avoidable.5-8 Coronary 
occlusions and aortic rupture are rare but potentia-
lly fatal events, but these can likely be contained with 
an accurate pre-intervention selection of patients and 
techniques.8-12 Although complication rates increa-
se with patient’s co-morbidities and frailty, operators 
experience and technical advancements are key for 
preventing them and improving immediate and long-
term TAVI outcomes.
Our TAVI experience started in mid 2010 with an in-
vited proctor, and since over 100symptomatic, high-
risk aortic stenosis patients have been treated by trans-
femoral approach (mean age 82±7 yrs; mean BMI 
27±4.9 kg/m2; 64% female; 84% hypertensive; 21% 
had previous cardiac surgery and 39% were in atrial fi-
brillation; mean logistic EuroSCORE (%) was 28±21. 
Pre-TAVI echocardiography showed mean aortic 
valve area (AVA) 0.53±0.21 cm2/m2; peak gradient 
(PG) of 69±23 mm Hg; mean gradient (MG) 42±16 
mmHg; and left ventricle ejection fraction (LVEF) 
was 53±14 %. The surgical femoral vascular access 
was used in the first 14 cases, subsequently the opera-
tors switched to a fully percutaneous approach with 
the assistance of the Prostar XL (Abbott Vascular Inc, 
Red City, CA, USA) closing device in most cases with 
some exceptions in patients with severe peripheral 
vascular disease (PVD).
Both, the Edward Sapien (Edwards Lifescien-
ces Corporation, Irvine, CA, USA) and CoreVal-
ve (Medtronic, Milwaukee, Wisconsin) prosthesis 
have been deployed. The CoreValve was also used 
in patients with some particular clinical settings 
like severe aortic regurgitation and degenerated bio-
prosthesis (valve in valve).13

During the implementation of this new technique at 
our Centre, we came across several challenging cases 
and associated complications, which were overcome 
by applying specific interventional coronary, struc-

tural, and peripheral skills as well as an accurate cli-
nical monitoring of the patients conditions during 
their hospital stay.In this article, we describe some 
challenging cases as examples to disclose the stra-
tegies applied for the management or prevention of 
complications.

CHALLENGES FROM THE FEMORAL 
VASCULAR ACCESS

TAVI can be achieved by several accesses, such as the 
trans-femoral, trans-apical, trans-aortic, sub-clavian 
and trans-axillary.4,15 Among these, the trans-femoral 
is the most preferable route as it is the less invasive. We 
believe that during the initial phase of a “TAVI lear-
ning curve” the femoral access should be managed sur-
gically so that interventional cardiologists could con-
certe in learning tips and tricks of the valve implanta-
tion exclusively, without adding complexity to the pro-
cedure related to the percutaneous management of the 
vascular access with the Prostar XL closure device. It 
is obvious that such recommendation does not apply 
to operators that are already proficient with the use of 
this closing device.
Before selectingthe femoral approach, the operator 
should well analyse diameter, tortuosity, and calcifi-
cation of the common femoral artery (CFA), external, 
and common iliac arteries.3,15 Furthermore, the exact 
location of the calcium with respect to the anterior 
wall of the CFA is crucial during implantation of a clo-
sure device. The operator must know the vascular si-
tuation of the inferior limbs, in particular patency of 
the superficial femoral artery (SFA), or collateral cir-
culation, and the quality of the infra-renal aortic wall.
To this aim, both, computerized tomography (CT) 
scan and contrast angiography are essential pre-TA-
VI examinations. CT scan offers accurate informa-
tion about the vessels anatomy and disposition, the 
severity and localisation of calcifications, it offers 
reliable measurements in non-calcified tracts, but 
tends to under-estimate vessel diameter in calci-
fied segments.14,15 Contrast angiography as a scree-
ning for potential TAVI candidates should be idea-
lly performed by the radial access to avoid complica-
tions at the femoral puncture site during the diag-
nostic examination. Angiography adds an impor-
tant perception to the estimations of the vessels dia-
meter, and being a dynamic imaging, shows the de-
gree of rigidity or f lexibility of the aortic-iliac-femo-
ral axe by analysing its systolic-diastolic excursions. 
The more f lexible the vascular axe, the more likely 
it will accommodate the large introducer sheath 
despite relatively small diameters, or marked tor-
tuosity. Apparently challenging tortuosity as shown 
in (Figures 1A-B), can be easily afforded when the 
vessel is elastic and not severely calcified. Also small 
arteries (less than 5.5 mm) can safely accommodate 
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the 18 or 19F sheath when are not calcified (Figures 
1C-D). However, much caution is required in the-
se cases with delicate advancement of the dilators 
and introducer, avoiding energic pushing that may 
cause arterial rupture. Angiography provides also 
valuable information about the run off of the con-
trast media along the SFA and the dynamic of co-
llateral circulations when important vessels are oc-
cluded. Knowledge of the SFA angiographic ana-
tomy is essential for the positioning of a contrala-
teral safety guide-wire, as discussed later in this ar-
ticle. Last, accurate selection of the exact point for 
the puncture of the CFA (well above the bifurcation 
of the SFA and the profunda) is clue, avoiding sites 
with calcium in the anterior arterial wall where the 
introducer and then the Prostar needles will be im-
planted (Figures 1E-F).
Th e most challenging situations for the femoral vascu-
lar access are dictated by the presence of severely cal-
cifi ed stenosis in the iliac-femoral axe. Th ese may be 
a contra-indication to the femoral route, but with the 
continuos improvement in delivery systems and skills 
in peripheral artery interventions, the success without 
serious complications can be achieved in most cases as 
shown in the following examples.

“Tunnelling” of femoral arteries
An 85-year old man with severe aortic stenosis was re-
peatedly admitted in hospital with syncope and heart 
failure. He had previous cardiac bypass surgery and 
a severe impairment of the LV function and chronic 
atrial fi brillation, hypertension, diabetes mellitus, mo-
derate chronic kidney disease (CKD) (calculated clea-
rance 35 ml/h/m2) and severe PVD. Th e logistic Eu-
roSCORE was 55%. Pre-TAVI transthoracic echo-
cardiography (TTE) showed aortic annulus 23 mm, 
EF=27%, pulmonary artery pressure (PAP) 65 mmHg 
and CT scan and angiography showed adequate iliac-
femoral diameters with multiple calcifi ed plaques. A 
26 mm Edward prosthesis was scheduled by trans-fe-
moral route.

Procedure
An aorto femoral angiography showed apparently sui-
table vasculature for femoral access (left  and right com-
mon iliac artery diameter was 9.5 mm and 10 mm res-
pectively; CFA diameter was 6 mm and 6.5 mm on left  
and right side respectively) (Figure 2A). Th e procedu-
re was performed under general anaesthesia and with 
surgical exploration of right CFA. Due to the exten-
sive calcifi cations, and the extreme vascular rigidity, it 

Figure 1. Vessel anatomy. A. Angiography showing bilateral tortuous ilio-femoral arteries. B. CT Scan showing bilateral tortuous ilio-femoral arteries. Despite 
marked tortuosity a 21 F introducer sheath was advanced into the right iliac axe without difi culties. C. CT Scan showing relatively small iliac arteries without calci-
fi cation (arrows). The maximum diameter measured in the comon iliac was 5.5 mm. However, a 21 F introducer sheath was advanced without complications. D. 
CT Scan sagittal section showing relatively small iliac arteries without calcifi cation (arrow). E. CT Scan reconstruction showed severe calcifi cation on left CFA with 
a small area withou calcifi cation (arrow). F. The fl uoroscopic view shows the accurate position of the puncture site taking account of the CT Scan in the same pa-
tient shown in Figure 1E.
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was not possible to introduce the 14F dilator in the era 
of retrofl ex 22F sheath. Th e right femoral artery was 
dilated using 8 mm and 10 mm balloons over the ex-
tra-stiff  wire (Figure 2B) but without success in intro-
ducing the dilator. Aft er several dilations, there was a 
clear evidence of bleeding due to vascular rupture, the-
refore, despite the fact that implantation of stents be-
fore passing the large 22F sheath may cause stent dis-
lodgement and embolization in aorta, two self-expan-
dable covered stents of 10 mm each were rapidly im-
planted through the same extra-stiff  wire to control 
bleeding (Figure 2C). Additional high-pressure ba-
lloon dilatations were needed to allow the 22F sheath 
pass into the common iliac artery. A 26 mm Edward-
Sapien prosthesis was implanted aft er balloon valvu-
loplasty without diffi  culties. Th e vascular access site 
was repaired surgically with the need of a short vascu-
lar Tefl on prosthesis to reconstruct the anterior wall of 
the CFA. Post-operative course was uneventful.

Message
Although the diameter of ilio-femoral axis by angio-
graphy and CTscan were adequate, the diff use atheros-
clerotic disease, and the use of a “fi rst generation” in-
troducer sheath created a serious obstacle to the TAVI 
procedure. Tunnelling the vascular axe with aggres-
sive balloon angioplasty and implanting self-expan-
ding covered stents allowed both, to solve the blee-
ding complication, and to implant the prosthesic val-
ve successfully. However, implanting stents before pla-
cing the introducing sheath is not recommended, and 
should be reserved for emergency to avoid life threa-
tening bleeding. Th is technique is an option when a 
surgical cut down of the artery is used as vascular ac-
cess, but as described later in this article, a diff erent te-
chnique is recommended if a totally percutaneous ap-
proach is selected.
Th e use of a totally percutaneous technique for trans-
femoral TAVI has several advantages over the surgical 
exploration.15 First is the spared time compared to the 
surgical preparation of the vascular access that requi-

res, even for expert teams, more than 60 to 90 minu-
tes to open and close the vascular access as compared 
to percutaneous the technique. Furthermore, it can be 
performed with local anesthesia, and allows rapid pa-
tient mobilisation aft er 2 or 3 days of the procedure, 
depending on the patinet’s general conditions. Howe-
ver, a totally percutaneous management of the femoral 
access route requires accurate pre-intervention scree-
ning, confi dence with the use of the Prostar closure 
device, experience with peripheral vascular interven-
tions, and the availability of a wide array of dedicated 
material. We believe that all cases performed percuta-
neously with the pre-implantation of the Prostar devi-
ce must be prepared with a contralateral implantation 
of a safety guide-wire before the implantation of the 
introducing sheath. Th is wire warrants a rapid access 
to the true lumen of the iliac-femoral vessels in case of 
occlusion or vascular rupture before or aft er TAVI (Fi-
gure 3A).

“Limb-saving” contra-lateral implantation 
of a protection guide-wire
An 87-year old obese female with medical history of 
hypertension, type II diabetes mellitus and CKD 
was admitted in hospital with heart failure. A TTE 
showed severe aortic valve stenosis (PG-56 mmHg, 
MG-38 mmHg, AVA 0.3 cm2/m2) with important left  
ventricular dysfunction (LVEF=35%). Coronary an-
giography showed mild atherosclerotic disease, peri-
pheral angiography visualized moderate atherosclero-
tic stenosis with severe degree of calcifi cation. Logistic 
EuroSCORE was 45%. PreTAVI screening with TTE 
and CTscan showed the following measurement: aor-
tic annulus 21 mm, CFA diameter 7 mm and 8 mm on 
right and left  side respectively. Implantation of 26 mm 
Edward Sapien XT prosthesis was planned.

Procedure
Th e procedure was performed under general anaesthe-
sia. Th e Prostar suture mediated closing device was im-
planted on the right CFA aft er positioning a 0.018” ex-

Figure 2. Femoral artery tunnelling. A. AngioCT showing measurement of right iliac-femoral arteries. B. Fluroscopic view showing balloon dilatation of ilic-femoral axis. 
C. Fluroscopic view showing stented iliac-femoral axis (segment between asterisks) and contrast media that exits the vessel lumen due to a perforation (arrow).
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tra-support, 200 mm length guide wire (Control V, 
Boston Scientifi c Corp., Natick, Massachusetts) from 
the contralateral CFA. Due to the impossibility of ad-
vancing the 20F introducer sheath through the ex-
tra-stiff  0.035 wire, several balloon dilatations of in-
creased diameters were performed on the external 
and common iliac arteries. Th e Edward Sapien XT 
prosthesis was then successfully deployed under rapid 
pacing. Th e delivery system was retrieved and punctu-
re site was closed with Prostar device. Th e fi nal angio-
graphic control showed the total occlusion of the right 
iliac artery (Figure 3B). A peripheral angioplasty ba-
lloon 9×60 mm was infl ated at the occluded site over 
the contralateral “limb saving” guide wire with rapid 
recovery of blood fl ow along the right femoral artery 
(Figure 3C). Due to the presence of dissection and 
residual stenosis, a 9×40 mm self-expandable Walls-
tent (Boston Scientifi c Corp., Natick, MA) was inser-
ted which resulted in normal fl ow (Figure 3D). Fur-
ther clinical evolution was un-eventful and the patient 
was discharged 7 days later.
Th e rapid access to the vascular entry site of the large 
introducer sheath from a contralateral “safety wire” 
allows relatively simple management of complica-
tions that, otherwise, may prove life threatening, 

or that may require emergency major vascular sur-
gery with potentially severe post-operation complica-
tions.7,8 Th e positioning of a balloon at the point of 
the percutaneous access site for a trans-femoral TAVI 
procedure from the contralateral vascular access 
allows for example the rapid interruption of bleeding 
in case of arterial rupture or failure of the Prostar su-
ture, or the resolution of stenosis created by the clo-
sing device itself (Figure 3C). When simple balloon 
infl ations are not suffi  cient, naked stent implantation 
may become necessary (like in the previously descri-
bed case, Figure 3D), or even in some more drama-
tic situations covered stents may be required like in 
the case of a 95-year old lady that, despite apparently 
excellent vascular conditions, experimented a large 
rupture of the CFA aft er removal of the introducer 
sheath and Prostar closure (Figure 3E). Th is poten-
tially severe complication was easily managed with 
the rapid implantation of an 8×40 mm self-expanda-
ble covered stent that permitted a rapid recover and 
uneventful hospital course Figure 3F.

Message
Vascular complications are common with calcifi ed, 
atherosclerotic iliac-femoral arteries.5-9 However, pro-

Figure 3. Safety guide-wire from contralateral side for rescue peripheral artery angioplasty. A. 0.0018” guide wire in the rigth femoral artery advanced from the 
left femoral puncture (arrow). B. Occlusion of right external iliac artery. C. Angiography after balloon dilatation. Residual stenosis and dissection at puncture site 
(arrow). D. Angiography after implantation of self-expandable stent. E. Rupture of right common femoral artery. Constrast media is evident outside the artery 
(arrow). F. Final angio after positioning a covered self expandable stent in ruptured right CFA.
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per selection of patient andaccess route, and adequate 
preventive measures reduce the risk. Apparently “nor-
mal” iliac-femoral arteries may give rise to severe com-
plications in the elderly. Insertion of a safety wire from 
the contralateral artery is a “must” when planning a to-
tally percutaneous trans-femoral TAVI.

“Railing tract” technique for severely tortuous 
and atherosclerotic accesses
A symptomatic 82-year old male with a known severe 
AVS was admitted in emergency with episodes of syn-
cope and overt heart failure. He was rejected for SAVR 
in view of a severe pulmonary disease with bilateral 
emphysematous lungs (GOLD classifi cation stage III), 
left  anterior descending coronary artery disease, mode-
rate CKD and high EuroSCORE (43%). He had also 
severe PVD with previous implantation of an aortic-
bi-iliac endo-prosthesis. Heart Team opted for a trans-
femoral approach because of the severe lung disease 
despite presence of an aortic-bi-iliac endo-prosthesis 
and severe tortuosity of the ilio-femoral axes, determi-
ning an approximately 360° loop on the right external 
iliac artery and a 260° loop on the left  side, respectively 
(Figures 4A-B).

Procedure
TAVI was undertaken with surgical exposure of 
left  CFA. An extra-stiff  wire was inserted upwards 
through the CFA to straighten the left  iliac tortuo-
sity. Th e 22F Edward introducer however, could not 
advance beyond the endoprosthetic part of left  com-
mon iliac. Aft er several attempts the introducer was 
removed, its tip was found damaged likely because of 
friction against the calcium and the struts of the en-
doprosthesis. Another extra-stiff  wire was therefo-
re advanced from the right brachial artery to the left  
SFA through a multipurpose catheter for additional 
support. A new 22F Edward introducer was fi nally 
advanced as “railing track” with two extra-stiff  wires 
(Figure 4C). Aft er conventional balloon valvuloplas-

ty, a 23 mm Edward-Sapien XT aortic valve was suc-
cessfully implanted. Th e femoral access was surgica-
lly repaired without complications.

Message
Th is case is a successful example of an extremely cha-
llenging trans-femoral TAVI, managed with a special 
technique in a patient with clear contra-indications to 
the femoral access, but with no alternative options. Th e 
technique of inserting a second extra stiff  wire down 
from the right brachial artery up to the femoral artery 
together with an ascending extra stiff  wire from the fe-
moral access to the ascending aorta which acts as “rai-
ling track” may be useful in specifi c TAVI candidate.16

Figure 4. Railing tract technique. A. CT Scan showing aortic-bi-iliac endoprosthesis and severe tortuosity of the ilio-femoral axes. B. Angiography showing seve-
rely tortuous left ilio-femoral axis (arrow). C. Insertion of introducer over the extrastiff s guidewires, one from right brachial artery up to left common femoral ar-
tery, and one from the SFA (arrow).

Figure 5. Valve insertion without introducer. A. Fluoroscopic view showing 
ruptured abdominal aorta (arrow). B. Angiography showing tortuous and se-
verely calcifi ed ilio-femoral axis. C. Fluroscopic view showing iliac artery ba-
lloon dilatation. D. Fluroscopic view showing insertion of CoreValve delivery 
system without introducer (arrow).
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Valve insertion without introducer sheath
Positioning the large introducing sheath from the 
CFA to the aorta in patients with severe PVD is 
the most challenging step of the trans-femoral pro-
cedure in these patients.Technically, the Edwards-
Sapien prosthesis should not be pushed out of the 
introducer sheath, if it has not been fully advanced 
up to the thoracic-abdominal aortic segment.15 In-
deed, the rigidity of the catheter and valve device 
unit may cause aortic wall rupture if strongly pus-
hed in direct contact to the vessel without the pro-
tection of the sheath (Figure 5A). The CoreVal-
ve system instead, due to its particularly f lexible 
structure and self-expanding stent, can “cautiously 
navigate” into the iliac arteries even without the 
protection of the introducer sheath, that being lar-
ger than the valve itself, may not advance into a 
severely calcified and stenotic iliac axe. This was 
the case of a 79-year old man with medical his-
tory of hypertension, dyslipidemia and smoking 
habit, with previous coronary artery bypass grafts 
(CABG) and aortic valve replacement with a To-
ronto 25 mm biological prosthesis implanted 13 
years before. He presented with heart failure due 
to severe aortic regurgitation, moderate AVS and 
well preserved LVEF (63%). Pre-TAVI screening 
showed important athero-calcific iliac-femoral 
vascular disease (Figure 5B). Logistic EuroSCO-
RE was 30%, and he was scheduled for a 26 mm 
trans-femoral CoreValve implantation.

Procedure
TAVI was performed by surgical exploration of left 
CFA under general anaesthesia. The difficulty encou-
ntered was, as expected, to insert the 18F introducer 
through the left common iliac artery due to severe cal-
cifications and diffuse stenoses. Aggressive balloon an-
gioplasty was performed with 8×30 mm and 10×40 
mm peripheral balloons (Figure 5C) but no further 
advancement of the 18F was possible. Considering the 

low profile of the CoreValve, the device was carefully 
advanced through the iliac artery without introdu-
cer (Figure 5D). A 26 mm CoreValve was successfu-
lly implanted within the previous aortic valve prosthe-
sis (valve in valve). The access site was repaired surgica-
lly without complications.

Message
Treating patients with previous cardiac surgery is cha-
llenging, and in this particular case with a patent left 
internal thoracic bypass graft and a degenerated aor-
tic bio-prosthesis and important PVD the access site 
requires cautious evaluation. The CoreValve device 
offers an excellent alternative allowing negotiation of 
severely diseased iliac arteries without the need for fu-
lly implanting the large introducer sheath. This may be 
a valuable alternative to the more complex subclavian 
access, in particular in patients with a patent mam-
mary bypass graft that may contraindicate the use of 
such vascular route.

The Subclavian approach
This vascular access may prove useful in some selected 
cases and when operators have developed high levels of 
expertise with TAVI.17,18

We report as an example, the case of an 82-year old 
man with symptomatic AVS admitted for heart failu-
re. He had two previous cardiac coronary bypass sur-
geries in 1979 and 1999 and severe PVD, with multi-
ple iliac-femoral artery stenosis including a previous 
stenting of the left external iliac artery and right SFA 
angioplasty in 2005, a totally occluded right inter-
nal carotid artery, and a previous left carotid artery 
endoartheriectomy. The right subclavian artery was 
deemed to be the only possible vascular access due to 
its acceptable diameter (6.2 mm at angio CT scan) 
despite moderate tortuosity (Figure 6A), in a pa-
tient with a logistic EuroSCORE 59%. A trans-suc-
clavian implantation of 29 mm CoreValve prosthesis 
was planned.

Figure 6. Subclavian approach. A. PreTAVI angiography of right subclavian artery (arrow). B. Fluoroscopic view showing introduction of the 18F sheath through 
right subclavian artery. C. Insertion of device through right subclavian artery.
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Procedure
The procedure was performed in general anesthesia 
with surgical exploration of the right suclavian artery. 
An 18F introducer sheath was passed over an extra-
stiff 0.035” wire (Figure 6B), and the 29 mm CoreVal-
ve delivery system was successfully implanted under 
fluoroscopic control and rapid ventricular pacing (Fi-
gure 6C). Intra-operative post implant TEE showed 
a properly placed and well functioning valve. The sub-
clavian artery access site was closed surgically without 
complication and the patient was discharged unevent-
fully 7 days later.

Message
The subclavian artery approach may be an option in 
patients with no other alternatives. Severe complica-
tions have been reported with the subclavian access as 
well,17 and therefore it should not be proposed as a rou-
tine alterative to the simpler femoral route; furthermo-
re, no dedicated material is available to be used though 
the subclavian access and its use is recommended only 
after an extensive TAVI experience.

CHALLENGES FROM THE CORONARY 
ARTERIES TAKE OFF

Coronary artery occlusion is a dreadful complication 
of TAVI and it has been reported in 0.4% to 1% of ca-
ses with either Edwards-Sapien and CoreValve sys-
tems.5-10,14 Accurate pre-TAVI diagnostic screening is, 
again, a crucial step to avoid this complication. In par-
ticular, CT scan measurements from the aortic annu-
lus to the coronary take off should be performed in all 
cases before considering a patient for TAVI. A safe dis-
tance rom the lower part of left main coronary artery 
to the aortic annular ring is 14 mm an at least 10 mm 
is the minimum recommended space. However, coro-
nary occlusion may ensue even when these safety dis-
tances are preserved. This may happen because of the 
presence of redundant aortic leaflet that, after being 

apposed between the prosthetic valve and the aortic 
wall in fully opened position may reach e coronary os-
tium causing its occlusion. Similarly, a tight sino-tubu-
lar junction diameter may not fully accommodate the 
crashed leaflets of the native valve that may reach with 
its more distal segment the origin of the coronaries. A 
practical trick before deciding whether to implant a 
valve in doubtful cases is performing an aortic angio-
gram while the balloon for aortic valvuloplasty is fully 
inflated in the aortic root. Figure 7A shows a case of a 
widely patent left coronary artery during balloon infla-
tion and a complete occlusion of the right coronary ar-
tery. In cases with no other therapeutic options, and 
with the developing of growing experience, TAVI in 
such cases can be afforded with reasonable safety. It is 
absolutely recommended hawever, to place a long (300 
cm) 0.0014” coronary guide-wire along the coronary at 
risk of occlusion. The guide-wire alone can be introdu-
ced through the diagnostic femoral access using an 8 
or 9F sheath and a 6F guiding catheter that is then re-
moved (Figure 7B), leaving the wire alone as a rapid 
access to advance a coronary balloon in case of coro-
nary occlusion to rapidly restore the flow in the artery. 
If further intervention is need a guiding catheter can 
be advanced through the wire to complete the job. Al-
ternatively, both, the wire and a guiding catheter can 
be left in place using a different vascular access, prefe-
rable through the radial route.

Procedure
An 89-year old female with medical history of hyper-
tension, dyslipidemia, and severe AVS had several epi-
sodes of syncope in last 3 month. Six months befo-
re, she had been admitted to another hospital with an 
acute coronary syndrome that required emergent an-
gioplasty of the right coronary artery with implanta-
tion of a stent at the right coronary artery ostium. TTE 
during hospitalization showed severe AVS (PG 70 
mmHg, MG 44 mmHg, AVA 0.6 cm2/m2, AA 18 mm) 
with moderate aortic and mitral regurgitation and a 

Figure 7. Bailout guidewire in coronary artery. A. Aortography during balloon valvuloplasty showing occluded right coronary artery (arrow) along with normal 
flow in left coronary artery (asterisk). B. Guide-wire in right coronary artery during device placement (arrow). C. Aortography after device deployment showing 
normal coronary flow.
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well preserved left ventricular function (LVEF=60%). 
TAVI screening with angio-CT showed good femoral 
artery diameters, but a rather low right coronary artery 
take-off (7-8 mm). After implantation of a Prostar XL 
10F closure device, balloon valvuloplasty with a 20×40 
mm balloon was performed, and the aortography du-
ring balloon inflation demonstrated a totally occlu-
ded right coronary artery (Figure 7A). Due to the os-
tial lesion, the stent, and the risk of coronary occlusion, 
a 300 cm coronary angioplasty guide-wire was placed 
along the right coronary artery (Figure 7B). The aortic 
prosthesic valve was properly positioned under fluoros-
copic and TEE monitoring without apparent coronary 
complication and normal ECG. The guide wire was re-
moved and angiography showed normal flow in the co-
ronary arteries (Figure 7C).

Message
Coronary artery occlusion is an infrequent but se-
rious complication of TAVI.5-12 Similar cases as the 
one described above are regularly performed in our 
center using protection wires when there is any suspi-
cion of a possible acute coronary occlusion after val-
ve deployment. This awareness prolongs the procedu-
re by only a few minutes, but permits a rapid manage-
ment of the massive ischemia caused by coronary oc-
clusion that may rapidly evolve into irreversible hae-
modynamic impairment or arrhythmic storm in the-
se old and fragile patients.

CHALLENGES IN CEREBRAL PROTECTION

Accidental finding of left atrial thrombus in TAVI suite
Stroke is the most dreadful complication of aortic val-
ve interventions, either surgical or trans-catheter.5-12,15 

So far, dedicated devices to protect the cerebral cir-
culation of TAVI patients are under development but 
still not available. Intra-cardiac thrombosis is a major 
contra-indication to TAVI due to the risk of thrombus 
embolization during rapid pacing and during energic 
post-arrhythmic beats.14,15

A frail 84-year old woman with hypertension, dia-
betes, chronic hepatic disease, chronic atrial fi-
brillation in oral anticoagulation and a previous 
CABG surgery was admitted for a recurrent epi-
sode of heart failure. TTE showed severe AS (MG 
45 mmHg, AVA- 0.4 cmq/mq) and pulmonary hy-
pertension. Coronary angiography showed patent 
bypass grafts, peripheral angiography showed 50% 
stenosis in severely tortuous left common iliac ar-
tery, however right iliac and femoral axis was free 
of significant stenosis. EuroSCORE was 59% and 
a trans-femoral TAVI with 23 mm Edward- Sapien 
valve was scheduled.

Procedure
The procedure was started with general anaesthe-
sia.TEE examination revealed a large throm-
bus of 5×10 mm in the left atrium (Figure 8A). 
Due to the high risk of cerebral emobilization du-
ring TAVI, two carotid embolic protection devi-
ces (EPI EZ. FilterWire, Boston Scientific Corp.) 
were placed into the right and left common caro-
tid arteries through the right and left brachial ar-
teries respectively (Figure 8B). After implantation 
of a 23 mm Edward- Sapien XT prosthesis, the in-
tra-operative TEE showed properly positioned and 
well functioning aortic prosthesis and a persisting 
left atrial thrombosis. After closure of the femo-
ral access site, the two carotid artery filters were 

Figure 8. Accidental left atrial thrombus detection in TAVI suite. A. TEE showing thrombus in left atrium (arrow). B. Insertion of filter device in right carotid artery 
(arrow).
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retrieved without clear images of embolic debris. 
The patient was discharged in optimal clinical and 
hemodynamic conditions.

Message
Stroke is the most severe complication of TAVI, a per-
sistent data that emerges from either randomized stu-
dies and large Registries.5-12 An Intra-cardiac throm-
bus is an absolute contra-indication for TAVI.15 Usua-
lly during TAVI screening, transthoracic echocardio-
graphy is not sensitive for intracardiac thrombus de-
tection. The reported case is an example of acciden-
tal left atrial thrombus detection and its management 
in the catheterization suite. Placing two embolic pro-
tection filters is technically challenging and time con-
suming. A dedicated device to protect the brain from 
embolic debris is still an unmet need of TAVI that re-
quires urgent development from the Industry to fur-
ther enhance safety of TAVI.

THE CHALLENGE OF RENAL FUNCTION

Renal function is one of the most important predic-
tors of long-term outcome of patients with cardiovas-
cular disease.19 Transcatheter interventions and con-
trast media administration can both exert deleterious 
effects on renal function and the risk is in direct re-
lationship with the baseline renal function. Accor-
ding to recent guidelines, general preventive measu-
res must be applied as in any catheter-based interven-
tion.20 However, some additional precautions may help 
to avoid or reduce the risk of renal impairment in pa-
tients with diffuse atherosclerosis of the aorta needing 
contrast media administration to implant the trans-
catheter valves.21-23 Intense saline hydration during 
the procedure can be better managed in patients trea-
ted under general anaesthesia, since mechanical venti-
lation can facilitate the management of peri-operati-
ve volumes overload that, in patients with severe AVS, 
impaired left ventricular function, and often secon-
dary mitral insufficiency, may otherwise ensue pulmo-
nary edema of difficult management without the assis-

tance of well monitorized mechanical ventilation. Of 
utmost importance remains however, the limited ad-
ministration of contrast media. In cases of severe renal 
dysfunction, performing a successful TAVI without 
the use of contrast media may be an ideal goal, but this 
requires a great experience of the heart team.

TAVI without contrast media in severe 
renal failure
A 77 year-old female with a known history of severe 
AVS (AVA 0.6 cm2/m2, PG 45 mmHg), severe coro-
nary artery disease with previous stent implantation 
and a recent anterior myocardial infarction, diabetes, 
severe CKD-class IV (without dialysis), and liver failu-
re as a consequence of profound cardiogenic shock was 
transported by the Emergency Service to our Intensi-
ve Care Unit. During transportation the Emergency 
Medical Services reverted several episodes of sustai-
ned ventricular tachycardia with DC shocks. On ad-
mission blood pressure was 65/40 mmHg with atrial 
fibrillation; LVEF was 14%, serum creatinine-4.7 mg/
dl, total plasma-bilirubin-44.3 umol/l [N-(1-17)] and 
serum alkaline phosphatase-1900 U/l [N-(5-40)].

Procedure
An emergency aortic balloon-valvuloplasty was per-
formed through the left CFA with a 25 mm balloon. 
The trans-valvular gradient was reduced from 33 to 5 
mmHg, blood pressure raised immediately to 95/60 
mmHg. Subsequently, coronary angiography showed 
a patent left circumflex and right coronary artery and 
a thrombotic sub-occlusion of a previously implanted 
drug eluting stent in the mid left anterior descending 
artery with TIMI flow grade 1. Aortic-iliac angiogra-
phy showed moderately tortuouse and calcified arte-
ries with non significant stenosis. Coronary angioplas-
ty was not performed as the amount of contrast me-
dia given was near to the 4mL/kg limit. Three days la-
ter although signs of renal and liver failure persisted, 
balloon angioplasty of left anterior descending artery 
was performed. During a 2-week hospital stay, left ven-
tricular function improved up to 40% and serum crea-

Figure 9. Severe renal failure. A. Projection selected for prosthesis implantation. B. Fluoroscopic guided device deploymentwithout contrast injection (arrow). C. 
TEE guided device deployment.
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tinine dropped to 1.9 mg/dl. Aortic gradient howe-
ver increased from 5 mmHg after valvuloplasty to 20 
mmHg suggesting both a partial valve recoil and left 
ventricular function recovery. Due to the high opera-
tive risk (Euro SCORE 68%) she was disqualified for 
conventional aortic valve surgery and the patient ac-
cepted a TAVI attempt.
The procedure was performed under general anesthe-
sia through a surgically explored right femoral artery. 
A 12° cranial 10° left anterior oblique projection ob-
tained by angiography at the time of the emergency 
valvuloplasty was selected to properly visualize the 
severely calcified aortic valve (Figure 9A). A “stand 
by” pig-tail catheter was placed in the ascending aor-
ta (in case of need for contrast injection). A 23 mm 
Edwards SAPIEN XT transcatheter valve was suc-
cessfuly implanted under fluoroscopy control only, 
using the calcifications of the aortic annulus as land-
marks (Figure 9B) and TEE imaging (Figure 9C). 
Intraoperative TEE confirmed the good position and 
functioning of the prosthesis valve. The patient had 
a favorable clinical evolution and was discharged one 
month later.

Message
The present case demonstrates the feasibility of 
guiding a trans-femoral TAVI with f luoroscopy 

and TEE without administration of contrast me-
dia, and may represent a step further on the pos-
sibilities offered by TAVI in patients with severe 
renal insufficiency. Due to the extraordinary set-
ting of this procedure, the case has been published 
elsewhere.24

PUTTING ALL TOGETHER IN COMPLEX 
TAVI CANDIDATES

With the development of a conspicuous TAVI pro-
gram, operators with a solid previous experience in 
coronary, structural and peripheral trans-catheter in-
terventions may afford challenging cases after a rela-
tively short learning curve, observing the standard 
TAVI techniques applied in cases with no particu-
lar difficulties, and under stricttutoring. After nearly 
one year experience with more than 30 cases perfor-
med without external support, operators can con-
sider less conventional or “off label” situations. As a 
result of this growing training, particularly challen-
ging cases can be safely and effectively managed with 
TAVI in the catheterization laboratory. We report 
here some of the cases that we consider “educative” 
and that should be taken into consideration when de-
ciding about treatment of severely sick patients with 
no other options.

Figure 10. Multi-level vascular disease and TAVI. A. Severe left main stenosis (arrow). B. Angiography after left main stenting. C. Right and left internal caro-
tid artery stenosis (arrows). D. Right internal carotid artery after stenting. E. Aortic prosthesis at aortic root level. F. Angiography after deployment of prosthesis.
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A case of severe multi-level vascular disease
A 79-year old lady with medical history of hyperten-
sion, dyslipidemia, CKD class III with a known seve-
re AVS was referred to our Laboratory for pre-opera-
tive catheterization. She was symptomatic for angina 
during daily activities, had a previous history of TIA, 
and was recently admitted for syncope. TTE confi r-
med the severe AVS (MG-55 mmHg with preserved 
LVEF=65%). Angiograms revealed a severe left  main 
stenosis at the ostium (Figure 10A) and severe bilate-
ral internal carotid artery stenosis (Figure 10C).
Aft er discussion within the Heart Team, the decision 
was made of treating the left  main stenosis with a re-
latively simple angioplasty to avoid combined CABG 
and SAVR. Logistic EuroSCORE was 45%.

Procedure
Th e coronary procedure was performed by the radial 
route with optimal result (Figure 10B). One week af-
ter coronary angioplasty, the right internal carotid ar-
tery was treated with a 7×40 mm self expandable mes-
hed stent implanted aft er positioning an EPI EZ fi l-
terwire embolic protection device (Boston Scientifi c 
Corp., Natick, Massachusetts) (Figure 10D).
Aft er these multi-level endovascular treatments, and 
considering the good quality of the aorto-iliac and fe-
moral vessels, a staged TAVI was considered as a rapid 
and less invasive alternative to SVAR. Indeed, some 
days later a 26 mm Edward- Sapien prosthesis was im-
planted under rapid pacing with a good immediate re-
sult (Figure 10E-F) confi rmed by the intra-operati-
ve TEE. Post-operative course was uneventful and the 
patient was discharged one week later.

Message
Treatment of the elderly patient with multi-level vas-
cular disease is complex and needs thorough evalua-
tion by a multi-disciplinary team. Th is case shows the 
feasibility, safety, and reduced invasiveness of staged 
endovascular procedures that may be particularly ap-
propriate in old and fragile patients with multi-level 
vascular disease and severe symptomatic AVS.

A case of AVS with associated severe mitral 
regurgitation, coronary artery disease, 
and heart failure
Severe mitral regurgitation associated to AVS has been 
considered a contra-indication for TAVI.5,15 In par-
ticular, patients with impaired LVEF and severe mi-
tral disease may not improve their long-term progno-
sis even aft er aortic valve replacement. However, mitral 
regurgitation itself does not pose technical diffi  culties 
to the TAVI, and releasing the left  ventricle from the 
outfl ow obstruction caused by the AVS may result in a 
signifi cant reduction of the mitral regurgitant volume 
with subsequent clinical improvement.25

Th is is the case of an 83-year old lady with a previous 
large anterior myocardial infarction and severe se-
condary mitral regurgitation that later developed se-
vere AVS. She was admitted with refractory heart fai-
lure, in NYHA class IV despite continuous i.v. in-
fusion of furosemide, and inotropes, with no clini-
cal improvement aft er two months of hospitalization 
in the Geriatric Department. She was transferred 
to our Center for coronary angiogram and eventua-
lly balloon aortic valvuloplasty. Left  ventriculogra-
phy showed severe mitral valve regurgitation (Figu-
re11A). LVEF was 23%, the mitral regurgitant volu-
me was 60ml and the pulmonary artery systolic pres-
sure was 56 mmHg.

Procedure
During a single catheterization suite the patient un-
derwent coronary artery angioplasty of a co-domi-
nant left  circumfl ex; the left  anterior descendent ar-
tery was chronically occluded. Aft er angioplasty, aor-
tic valve valvuloplasty was performed with a 23 mm 
balloon under rapid pacing. PG was reduced from 38 
mmHg to 10 mmHg and the subsequent clinical evo-
lution was impressive, with rapid weaning from ino-
tropes and i.v. diuretics and resolution of the chronic 
bilateral pleural eff usions in about two weeks (Figu-
re 11B-11C). She had rapid clinical improvement and 
returned to walk aft er several months of bed resting, 
and was discharged. Aft er two months she had retur-

Figure 11. TAVI in severe mitral regurgitation. A. Left ventricular angiography showing severe regurgitation in left atrium. B. Chest X-ray showing bilateral pleural 
eff usion before balloon valvuloplasty. C. Chest X-ray showing resolution of pleural eff usion 2 weeks after balloon valvuloplasty.
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ned to her previous activities. The mitral regurgitant 
volume was reduced to 48ml, and the EF increased to 
36% after aortic valvuloplasty. The case was conside-
red for TAVI and the procedure was performed suc-
cessfully with the implantation of 23 mm Edwards-Sa-
pien prosthesis through the femoral route by using a 
totally percutaneous approach and on local anesthesia. 
At 3 months follow up the patient was in functional 
class I, EF was 40%, pulmonary artery pressure was 28 
mmHg and mitral regurgitation was further reduced 
to 38 ml in the left atrium. After 2 years of follow-up 
the patient is still doing well.

Message
This is a case of end-stage heart failure due to major 
cardiac contra-indications to TAVI and extremely fra-
gile clinical conditions: severe mitral regurgitation and 
severe left ventricular impairment, associated to seve-
re coronary artery disease. In such a case, percutaneous 
myocardial revascularization and aortic balloon val-
vuloplasty may serve as an effective atempt to impro-
ve the general clinical conditions and offer a bridge to 
a definitive treatment.

A case of life saving TAVI for aortic insufficiency 
in Heart Mate II
TAVI has enhanced the therapeutic spectrum far be-
yond expected, and as stated before, with growing expe-
rience of the heart team, patients in difficult conditions 
and perhaps no other option, may benefit from “off la-
bel” use of transcatheter valves. In particular the versa-
tility of the CoreValve allows the treatment of difficult 
cases of aortic regurgitation as the one presented below.
A 53-year-old male patient with end-stage dilated car-
diomyopathy was uneventfully implanted with a Tho-
racic HeartMate II left ventricular assistance device 
intended as a bridge to transplantation. Ten months 
post-operatively, he showed progressively worsening 
of symptoms. In view of the unfavourable anthropo-

metric characteristics, any attempt to anticipate trans-
plantation was unsuccessful for lack of appropriate 
donors. Ineffective ventricular assistance output ens-
sued due to severe aortic regurgitation (Figure 12A). 
Pulmonary edema with desaturation, and major arr-
hythmias ultimately required endotracheal intubation 
and cardiopulmonary resuscitation. Since neither op-
timal medical therapy nor ventricular assistance ad-
justments provided hemodynamic stability, the Heart 
Team decided for emergency trans-catheter aortic val-
ve implantation.

Procedure
Through an 18-F introducer, an extra-stiff guidewire 
was positioned in the left ventricle, and a 29-mm Co-
reValve (Medtronic, Milwaukee, Wisconsin) was im-
planted under fluoroscopy and echo control. Due to a 
moderate residual periprosthetic regurgitation (Figure 
12B), a second 29-mm CoreValve was deployed within 
the previous valve prosthesis with minimal residual leak 
(Figure 12C), and no complications. (of note, at the 
time of this procedure, the 31-mm CoreVale was not yet 
available). The femoral access was repaired by the Pros-
tar XL Closure device. The patient’s hemodynamics 
improved immediately after procedure. On discharge, 
echocardiography showed mild periprosthestic regurgi-
tation. The patient was transplanted 6 months later.

Message
Use of TAVI technique for severe aortic regurgitation 
in Heart Mate II resulted in a life-saving procedure 
that allowed management of an acutely occurred he-
modynamic instability. Being the first, ever reported 
case of this nature, it has been published elsewhere.13

DISCUSSION

Since the first TAVI in 2002, the technique has 
encountered an extraordinary development, and 

Figure 12. Life saving TAVI for aortic insufficiency in Heart Mate II. A. Pre-TAVI severe aortic insufficiency. B. Moderate aortic insufficiency after first device implan-
tation. C. Mild aortic insufficiency after second device implantation.
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by the end of 2011 an estimated 40.000 TAVI pro-
cedures have been done.4,14 Although randomized 
studies and multicentre registries have consistently 
demonstrated that the procedure is safe and effec-
tive it is not free of risks, and serious complications 
may occur despite its much less invasive nature 
compared to conventional SAVR.4 However, con-
tinuous technical improvement in device techno-
logy and delivery systems, as well as the increasing 
experience of the Heart Team, has dramatically re-
duced the incidence of serious complications com-
pared to the initial experiences. Indeed, despite a 
procedure success rate was >90%, mortality ranged 
between 11.3% for the trans-femoral approach and 
16.9% in trans-apical patients.5-12 In the PARTE-
NER trial, 30-days mortality was 3.4% in TAVI 
group, compared with 6.5% in the SVAR group 
(p=0.07).5 Notably, the definition of major com-
plication associated with TAVI has not been stan-
dardized, which may explain lack of uniformity in 
different studies. However, several studies mention 
vascular complications, stroke, coronary obstruc-
tion, myocardial infarction, acute kidney injury 
and intra-ventricular conduction abnormalities as 
major peri-procedural complications. Among the-
se, vascular complications were the most common 
and ranged between 6-13% in different studies.5-9 
Stroke is most worrisome complication with an in-
cidence of 3.5% in multicentre registries. Coro-
nary artery obstruction during TAVI is life trea-
ting but incidence is low <1%, rate of TAVI asso-
ciated myocardial infarction ranges from 0% to 
16%, but in most cases referrs to enzyme release in 
hearts with severe hypertrophy.6-12 On top of this, 
a large number of TAVI patients developed acu-
te kidney injury (11.7% to 28%) and half of the-
se needed haemodialysis.21-23 Even intra-ventricu-
lar conduction disturbance,particularly new left 
bundle brach block, is not rare after SAVR, but 
their incidence was remarkable with TAVI, parti-
cularly with the CoreVale system (7-18% with Ed-
wards valve, 30-83% with CoreValve).26-29

There is no doubt that with technology develop-
ment and learning experience these complications 
rates are much lower nowadays and will likely con-
tinue to drop. 
In our own experience, vascular complications 
encountered in the first year where much more 
common, and with the switch to totally percuta-
neous procedures, these have been practically avoi-
ded despite the challenging nature of most TAVI 
patients. 
Prevention of stroke remains yet an unmet need to 
improve the safety of the procedure and new de-
vices, currently under development, are eagerly 
expected.

CONCLUSION

TAVI represents a less invasive strategy than SVAR. 
It offers an extraordinary option for symptomatic pa-
tients with severe AVS who are either, no candidates 
to SAVR, or present an unacceptable surgical risk. The 
rapid development of the technique is making of TAVI 
a “routine” practice in high-volume centres. By now, 
all efforts should be made to improve procedural suc-
cess by reducing peri-procedural complications. Along 
with other important factors, patient’s selection is clue. 
Procedure planning, using proper approach, interven-
tional materials, and application of coronary, structu-
ral and peripheral interventional skills, in the context 
of an accurate clinical management will certainly help 
to obtain optimal results. Nonetheless, a fundamen-
tal key for the success of a TAVI program remains the 
effective and respectful cooperation between cardiolo-
gists and surgeons, and the observation of the available 
evidence-based indications. TAVI procedures beyond 
this context, imposes thoughtful discussion within the 
Heart Team and a great deal of experience.

RESUMEN

Pese al carácter menos invasivo del TAVI compara-
do con la sustitución valvular aórtica quirúrgica con-
vencional, el procedimiento de transcatéter no está li-
bre de complicaciones relevantes como las vasculares, 
el deterioro de la función renal, el accidente cerebro-
vascular, las oclusiones coronarias y la ruptura aórti-
ca. Las complicaciones vasculares influyen significati-
vamente en los resultados clínicos inmediatos y a me-
diano y largo plazo; el deterioro de la función renal 
también es preocupante, ya que la mayoría de los can-
didatos a TAVI tiene función renal deficiente; el acci-
dente cerebrovascular es el problema más amenazan-
te del TAVI puesto que, hasta ahora, su ocurrencia es 
muy impredecible y difícilmente evitable; y, por últi-
mo, las oclusiones coronarias y la ruptura aórtica son 
eventos raros pero potencialmente fatales. Sin embar-
go, todas estas complicaciones pueden ser prevenidas 
y tratadas si se realiza una precisa selección previa a la 
intervención de pacientes y técnicas. En este artícu-
lo, describimos algunos casos difíciles como ejemplos 
para mostrar las estrategias aplicadas en el tratamien-
to o prevención de las complicaciones en la experien-
cia con TAVI, que comenzó a mediados del año 2010. 
Desde entonces, más de 100 pacientes con estenosis 
sintomática severa de válvula aórtica fueron tratados 
en la Universidad de Verona, Italia, por vía transfe-
moral percutánea con el uso del dispositivo de cierre 
percutáneo.

Palabras clave: estenosis aórtica, implantantación trans-
catéter de válvula aórtica, cirugía de válvula aórtica.
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