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Abstract
Aims: The aim of this study was to evaluate the impact of a horizontal aorta (HA) on device success and 
short-term clinical outcomes of transcatheter aortic valve implantation (TAVI).

Methods and results: We retrospectively assessed 547 consecutive patients treated with transfemoral 
second-generation non-balloon-expandable (NBE) (n=447) and balloon-expandable (BE) (n=100) TAVI for 
symptomatic severe aortic stenosis. Aortic angulation (AA) was evaluated with preprocedural computed 
tomography. Patients were dichotomised according to a previously established AA cut-point: HA group 
(AA ≥48°, n=230) and normal aorta (NA) group (AA <48°, n=317). Endpoints were considered according 
to the Valve Academic Research Consortium-2 definitions. Fluoroscopy time (32.8±16.4 vs 30.3±13.9 min-
utes, p=0.060) and radiation dose (kerma area product 120.8±99.7 vs 103.7±81.1 Gy·cm2, p=0.033) were 
higher in the HA group as compared to the NA group. No difference in device success was observed 
between patients with and without an HA (88.3% vs 88.0%, p=0.929). No differences in device success 
and 30-day outcomes were observed when comparing HA and NA patients, according to BE and NBE 
prostheses.

Conclusions: The presence of an HA has no impact on device success and short-term clinical outcomes of 
TAVI with either second-generation NBE or BE devices.
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Abbreviations
AA aortic angulation
BE balloon-expandable
CT computed tomography
HA horizontal aorta
NA normal aorta
NBE non-balloon-expandable
PVR paravalvular regurgitation
SE self-expanding
TAVI transcatheter aortic valve implantation
VARC-2 Valve Academic Research Consortium-2

Introduction
Transcatheter aortic valve implantation (TAVI) has become a safe 
and effective treatment for patients with symptomatic severe aortic 
stenosis (AS) thanks to significant improvements in terms of appro-
priate patient selection, preprocedural planning and device design.

The diffusion of preprocedural cardiac computed tomography 
(CT) scans in TAVI interventions has led to recognition of “hori-
zontal aorta” (HA) as an anatomical feature potentially related to 
valve positioning failure and an increased unsuccessful procedure 
rate1-4. A ≥48° angle between the horizontal plane and the plane 
of the aortic annulus in the coronal projection (aortic angulation 
[AA]) was previously used to define patients with HA1.

The association between increased AA (evaluated angio-
graphically) and post-procedural paravalvular regurgitation (PVR) 
was first reported in 2010 among 50 patients who underwent self-
expanding (SE) TAVI5. A subsequent retrospective study includ-
ing 582 patients undergoing TAVI with first-generation prostheses 
(283 patients with HA as defined by an AA ≥48° at cardiac CT 
scan) reported a lower procedural success rate and higher device 
embolisation in HA patients with SE but not balloon-expandable 
(BE) valves1. Conversely, in a large retrospective registry includ-
ing 3,578 patients (the CoreValve US registry), the aorto-ven-
tricular angulation did not affect either the procedural success or 
clinical outcomes of TAVI in patients treated with the first-genera-
tion SE CoreValve® (Medtronic, Minneapolis, MN, USA)6.

Whether the association between HA and procedural outcomes 
also applies to newer-generation devices is unknown. No study 
to date has evaluated the performance of second-generation aortic 
valves in patients with HA. The new design, improved delivery 
systems and partial or full retrievability and repositionability of 
these technologies may be particularly advantageous in this set-
ting. The aim of this study was to evaluate the impact of HA upon 
procedural success and short-term clinical outcomes in patients 
undergoing TAVI with second-generation BE and NBE valves.

Editorial, see page 736

Methods
STUDY POPULATION
This was a retrospective study including consecutive patients 
with severe symptomatic AS, who underwent transfemoral TAVI 
at San Raffaele Hospital (Milan, Italy) between March 2012 and 

December 2017 with second-generation aortic bioprostheses. 
Baseline clinical, echocardiographic and procedural data were 
recorded for all patients. All patients underwent a clinical and 
echocardiographic follow-up evaluation at 30 days.

Patients with a bicuspid aortic valve, primary aortic regurgi-
tation, subaortic obstructive membrane, previous cardiac surgery 
(i.e., Ross intervention), those undergoing a valve-in-valve (ViV) 
procedure or non-transfemoral access or with failure of femo-
ral access and those without good preprocedural CT scan were 
excluded.

Aortic angulation was evaluated on preprocedural CT scan for 
each patient. Aortic valve function was assessed by transthoracic 
echocardiography (TTE). The presence of concomitant coronary 
artery disease (CAD) was evaluated by using the preprocedural 
coronary CT scan and/or coronary angiography. All patients were 
discussed by the institutional “Heart Team”, composed of at least 
one interventional cardiologist, one cardiac surgeon, one cardiac 
imaging specialist and one anaesthesiologist.

CT SCAN
The electrocardiographically gated preprocedural CT scan was 
analysed by an expert radiologist. AA was defined as the angle 
between the horizontal plane and the plane of the aortic annulus, 
calculated from a coronal projection at the level of the aortic annu-
lus (Figure 1). An AA ≥48° was previously shown to predict lower 
device success in SE TAVI best1 and was then used to define HA. 
The radiologist who retrospectively evaluated AA on the preproce-
dural CT scan was unaware of the implanted valve type.

TAVI DEVICE
The SAPIEN 3 (Edwards Lifesciences, Irvine, CA, USA), 
CoreValve Evolut™ R and PRO (Medtronic), ACURATE neo™ 
(Boston Scientific, Marlborough, MA, USA), Portico™ (St. Jude 
Medical/Abbott Vascular, St. Paul, MN, USA), Lotus™ (Boston 
Scientific) and Direct Flow (Direct Flow Medical, Santa Rosa, 
CA, USA) were the prostheses utilised in the study population. 
Prosthetic valve type/size and vascular accesses were left to the 
discretion and preference of the operator.

OUTCOME ANALYSIS
The primary endpoints of the study were device success, post-
procedural aortic regurgitation (AR) degree, and in-hospital and 
30-day mortality. Device success was defined according to Valve 
Academic Research Consortium-2 (VARC-2) definitions7.

Secondary endpoints were procedural and in-hospital compli-
cations including valve embolisation, need of a second valve, 
aortic rupture or dissection, myocardial infarction (MI), cardiac 
tamponade, need of emergency surgery, stroke or transient ischae-
mic attack (TIA), major vascular complications, permanent pace-
maker (PM) implantation, acute kidney injury (AKI), sepsis, and 
adverse events during the follow-up including hospitalisation for 
cardiovascular causes, heart failure, endocarditis, valve thrombo-
sis, stroke or TIA, MI, angina and AR at 30 days.
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All TAVI endpoints were recorded according to the VARC-2 
criteria7.

Acute procedural success and short-term clinical outcomes were 
compared between patients with an AA <48° versus those with 
an AA ≥48° (a) in the overall population and (b) according to the 
implanted valve type (BE/NBE). The association between AA as 
a continuous variable and device success was further evaluated.

STATISTICAL ANALYSIS
Variables are presented as mean±SD for continuous variables and 
as number (percentage) of patients in each group for categorical 
variables. The Student’s t-test and the Pearson’s chi-square test or 
Fisher’s exact test were used to evaluate statistical significance 
between continuous and categorical variables, as appropriate. All 
variables were normally distributed according to the Kolmogorov-
Smirnov test. The ANOVA test was utilised to evaluate the asso-
ciation between the continuous variables and categorical variables. 
Multivariate analysis was performed to evaluate the influence of 
other independent variables on device success.

Results
BASELINE CHARACTERISTICS
Between March 2012 and December 2017, 706 TAVI procedures 
with second-generation devices were performed in our centre. 

Thirty-seven patients were treated with TAVI for surgical biopros-
thesis failure, 58 patients underwent TAVI using a non-transfemoral 
access, 12 patients had pure AR, 25 had a bicuspid valve, 23 patients 
did not undergo preprocedural CT scan, 2 cases had femoral access 
failure, 1 case was carried out in a previous Ross intervention 
and 1 in a subaortic obstructive membrane, and were therefore 
excluded. Five hundred and forty-seven patients were treated with 
TAVI by transfemoral access using the SAPIEN 3 (n=100; 18%), 
CoreValve Evolut R (n=136; 25%), CoreValve Evolut PRO (n=12; 
2%), ACURATE neo (n=46; 8%), Portico (n=50; 9%), Lotus (n=85; 
16%) and Direct Flow (n=118; 22%), and were thus included. 
A detailed study flow chart is provided in Figure 2. Mean AA was 
46.1±10°; 317 patients had an AA <48° (AA=39.3±6.3°), and 230 
had an AA ≥48° (AA=55.3±5.8°). No significant differences in the 
type of valve and in NBE versus BE valves were observed between 
patients with and without HA. The prostheses chosen for implanta-
tion in HA and NA patients are summarised in Figure 2.

The baseline clinical characteristics of the study population are 
presented in Table 1. HA was more common in older patients 
(83.1±5.9 vs 80.6±7.9 years; p=0.002) and was associated with 
higher body mass index (BMI) (26.1±4.6 vs 24.8±4.3 kg/m2; 
p=0.001), hypertension (86.0% vs 78.5%; p=0.026), atrial fibrilla-
tion (40.6% vs 32.3%; p=0.042) and cerebrovascular disease (17.5% 
vs 9.2%; p=0.004). On the other hand, ex-smoker status (22.7% vs 

Figure 1. Computed tomography evaluation of aortic angulation. Measurement of aortic angulation (AA) is performed in a coronal projection 
of computed tomography angiography (left panels, A & C). AA is defined as the angle between the horizontal plane and the plane of the aortic 
annulus. 3D volume rendering reconstruction (right panels, B & D ). Two cases of normal aorta with AA=45.5° (upper panels, A & B) and 
horizontal aorta with AA=64.7° (bottom panels, C & D) are presented.
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36
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23
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total 2nd generation TAVI

� 159 excluded for:
– 37 valve-in-valve
– 58 non-transfemoral access
– 25 bicuspid valve
– 12 primary aortic regurgitation
– 23 no CT available or with artefacts
– 2 failure of femoral access
– 1 previous Ross intervention
– 1 subaortic obstructive membrane

2nd generation TAVI included

67
21%

62
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26%

Normal aorta

49
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27
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23
7%

706

547

Figure 2. Screening process and types of valve in overall, NA and HA 
populations. CT: computed tomography; HA: horizontal aorta; 
NA: normal aorta; TAVI: transcatheter aortic valve implantation

Table 1. Baseline patient characteristics.

AA <48° 
(n=317)

 AA ≥48° 
(n=230)

p-value

Age, years 80.6±7.9 83.1±5.9 0.002

Male 150 (47.3) 104 (45.2) 0.627

BMI, kg/m2 24.8±4.3 26.1±4.6 0.001

Hypertension 249 (78.5) 197 (86) 0.026

Dyslipidaemia 210 (66.2) 129 (56.3) 0.018

DM 72 (22.7) 50 (21.8) 0.808

ID 33 (10.4) 9 (3.9) 0.005

NID 39 (12.3) 41 (17.9) 0.068

Current smoker 11 (3.5) 5 (2.2) 0.379

Previous smoker 96 (30.3) 52 (22.7) 0.049

COPD 76 (24) 48 (21) 0.407

Previous PM/ICD 51 (16.1) 21 (9.2) 0.018

Atrial fibrillation 102 (32.2) 93 (40.6) 0.042

paroxysmal 49 (15.5) 31 (13.5) 0.531

permanent 53 (16.7) 62 (27.1) 0.003

Previous CAD 150 (47.3) 86 (37.4) 0.021

Previous MI 49 (15.5) 35 (15.3) 0.956

Previous PCI 93 (29.3) 59 (25.8) 0.358

Previous CABG 55 (17.4) 14 (6.1) 0.000

Baseline CKD 164 (51.7) 119 (51.7) 0.999

stage 1 40 (12.6) 24 (10.5) 0.443

stage 2 112 (35.5) 89 (38.9) 0.398

stage 3 139 (43.8) 93 (40.6) 0.450

stage 4 16 (5) 13 (5.7) 0.746

stage 5 10 (3.2) 10 (4.4) 0.457

Previous dialysis 9 (2.8) 11 (4.8) 0.232

PAD 57 (18) 37 (16.1) 0.562

Carotid atheroma 122 (38.5) 78 (34.1) 0.290

significant 10 (3.2) 6 (2.6) 0.715

not significant 112 (35.3) 72 (31.4) 0.343

CV disease 29 (9.1) 40 (17.5) 0.004

Angina 81 (25.6) 46 (20) 0.129

Syncope/lipotimia 60 (18.9) 47 (20.4) 0.661

NYHA Class I 15 (4.7) 13 (5.7) 0.630

II 110 (34.7) 80 (34.8) 0.984

III 170 (53.6) 124 (53.9) 0.947

IV 22 (6.9) 13 (5.7) 0.543

Previous HF 131 (41.3) 97 (42.2) 0.842

Previous APE 96 (30.3) 68 (29.6) 0.856

EuroSCORE logistic, % 18.2±14.1 16.5±11.9 0.158

EuroSCORE standard, % 9.4±2.9 9.3±3.1 0.703

STS score M, % 5.9±4.9 5.5±4.2 0.364

STS score MM, % 27±12.8 25.6±10.5 0.191

Values are mean±SD or n (%). APE: acute pulmonary oedema; BMI: body 
mass index; CABG: coronary artery bypass grafting; CAD: coronary artery 
disease; CKD: chronic kidney disease; COPD: chronic obstructive 
pulmonary disease; CV: cerebrovascular; DM: diabetes mellitus; HF: heart 
failure; ICD: implanted cardioverter defibrillator; ID: insulin-dependent; 
M: mortality; MI: myocardial infarction; MM: morbidity or mortality; 
NID: non-insulin-dependent; NYHA: New York Heart Association; 
PAD: peripheral artery disease; PCI: percutaneous coronary intervention; 
PM: pacemaker; STS: Society of Thoracic Surgeons
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30.3%; p=0.049), previous PM or implantable cardioverter defi-
brillator (ICD) (9.2% vs 16.1%; p=0.018), CAD (37.4% vs 47.3%; 
p=0.021) and coronary artery bypass grafting (CABG) (6.1% vs 
17.4%; p<0.001) were more frequent in the NA group. All other 
baseline characteristics were similar between the groups (Table 1).

The preprocedural echocardiographic and CT data of the study 
population are presented in Table 2. Patients with HA less fre-
quently had porcelain aorta (4.3% vs 9.8%; p=0.017) and left ventri-
cle outflow tract (LVOT) calcification (29.1% vs 39.7%; p=0.010). 
All other imaging variables were similar between the groups.

HA VERSUS NA OUTCOMES
Procedural details, clinical outcomes, and 30-day follow-up for the 
HA and NA groups are reported in Table 3 and Figure 3. Higher 
radiation dose (kerma area product 120.8±99.7 vs 103.7±81.1 
Gy·cm2; p=0.033) and a trend towards higher fluoroscopy time 
(32.8±16.4 vs 30.3±13 minutes; p=0.060) were observed in the 
HA group. Device success was similar between groups (88.3% vs 
88.0%; p=0.929). There was a higher rate of AR ≥moderate at one-
month follow-up in the NA group (21.7% vs 30.7%; p=0.045). All 
other procedural, clinical and follow-up data were similar between 
the two groups (Table 3). There was no significant association 
between the aortic angle as a continuous variable and the device 
success (p=0.614). The neutral impact of AA on device success 
was maintained also after adjustment for relevant baseline charac-
teristics, LVOT calcification, moderate to severe aortic calcifica-
tion and post-dilation (Supplementary Table 1). Also, removing 
unavailable valves (Lotus and Direct Flow) from the analysis, 
device success remains the same, without significant differences 
between NA and HA (84.1% vs 86.7%; p=0.498).

HA VERSUS NA OUTCOMES ACCORDING TO IMPLANTED 
VALVE: BE/NBE
Procedural details, clinical outcomes, and 30-day follow-up strati-
fied by HA status for patients who underwent TAVI with BE or 
NBE valves are presented in Table 4 and Figure 4. TAVI was per-
formed by using BE and NBE valves in 100 (18.3%; n=38 HA, n=62 
NA) and 447 (81.7%; n=192 HA, n=255 NA) patients, respectively. 

Table 2. Echocardiography and computed tomography data.

AA <48° 
(n=317)

AA ≥48° 
(n=230)

p-value

Mean aortic gradient, mmHg 48.7±15.4 47.9±13.9 0.513

AVA, cm2 0.71±0.19 0.73±0.22 0.356

LVEF, % 54.5±11.4 54.1±11.3 0.711

Annulus area, mm² 442.5±83.1 445.2±86 0.715

Annulus perimeter, mm 74.9±7.1 75.0±7.4 0.735

Annulus minimum diameter, 
mm 21.2±2.4 21.2±2.5 0.737

Annulus maximum diameter, 
mm 26.6±2.7 26.5±2.8 0.596

Distance annulus-LM, mm 14.4±3.1 14±3.1 0.108

Aortic angle, ° 39.3±6.3 55.3±5.8 0.000

Aortic regurgitation ≥moderate 107 (34) 69 (30.3) 0.363

Porcelain aorta 31 (9.8) 10 (4.3) 0.017

LVOT calcification 126 (39.7) 67 (29.1) 0.010

Aortic valve calcification 
≥moderate 205 (64.7) 135 (58.7) 0.155

Values are mean±SD or n (%). AVA: aortic valve area; LM: left main; 
LVEF: left ventricle ejection fraction; LVOT: left ventricle outflow tract

Table 3. Procedural, in-hospital and 30-day outcomes of TAVI in 
NA and HA.

AA <48° 
(n=317)

AA ≥48° 
(n=230)

p-value

Procedural

Contrast, ml 121.7±59.6 123.2±68.4 0.789

Fluoroscopy time, min 30.3±13.9 32.8±16.4 0.060

Radiation dose, Gy·cm2 103.7±81.1 120.8±99.7 0.033

Predilation 205 (64.7) 146 (63.5) 0.774

Valve size, 
mm

23 59 (18.7) 33 (14.3) 0.183

25 61 (19.3) 46 (20) 0.840

26 49 (15.5) 37 (16.1) 0.854

27 56 (17.7) 50 (21.7) 0.241

29 78 (24.7) 59 (25.7) 0.797

34 13 (4.1) 5 (2.2) 0.210

Post-dilation 73 (23) 38 (16.5) 0.062

Device success 219 (88) 203 (88.3) 0.929

Aortic dissection 0 (0) 1 (0.4) 0.240

Aortic rupture 1 (0.3) 3 (1.3) 0.180

Valve embolisation 2 (0.6) 3 (1.3) 0.414

Myocardial infarction 3 (0.9) 1 (0.4) 0.488

Emergency surgery 2 (0.6) 2 (0.9) 0.746

Procedural death 0 (0) 2 (0.9) 0.096

Coronary obstruction 4 (1.3) 3 (1.3) 0.965

Annulus rupture 0 (0) 1 (0.4) 0.240

Need of a second valve 2 (0.6) 2 (0.9) 0.746

Recapture of valve 16 (5) 11 (4.8) 0.888

Repositioning of valve 19 (6) 14 (6.1) 0.964

AR ≥moderate 31 (9.8) 18 (7.9) 0.451

Mean AV gradient post 
procedure, mmHg 7.4±3.9 7.3±3.9 0.902

New permanent PM 57 (18) 55 (24) 0.085

Stroke 4 (1.3) 7 (3) 0.143

AKI 2-3 22 (6.9) 12 (5.2) 0.410

Hospital mortality 7 (2.2) 7 (3) 0.541

30-day follow-up

Death 6 (2.2) 4 (2) 0.881

Hospitalisation CV cause 20 (7.4) 15 (7.5) 0.949

Stroke 3 (1.1) 1 (0.5) 0.481

AR ≥moderate 69 (30.7) 38 (21.7) 0.045

Mean AV gradient, mmHg 11.2±6.3 11.4±5.7 0.667

Values are mean±SD or n (%). AKI: acute kidney injury; AR: aortic 
regurgitation; AV: aortic valve; CV: cardiovascular; PM: pacemaker
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Radiation dose and fluoroscopy time were numerically higher for 
HA procedures in both NBE and BE groups. Among patients treated 
with NBE valves, a significantly higher post-dilatation rate was 
observed in NA patients (17.7% vs 26.0%; p=0.040). There were no 
significant differences in device success rate, procedural and in-hos-
pital complications, post-procedural AR, and 30-day adverse events 
including mortality between the HA and NA groups both in patients 
treated with BE and in those treated with NBE valves. Among 
patients treated with BE valves, a significantly higher rate of per-
manent PM implantation was observed in HA patients (27.0% vs 
8.1%; p=0.011). Among patients treated with NBE valves, a trend 
towards higher ≥moderate AR at one month was observed in NA 
patients (22.1% vs 31.5%; p=0.056). All other procedural, clinical 
and follow-up data were similar between the two groups (Table 4).

Discussion
The main findings of this study are:
1) Second-generation TAVI devices have a similar success rate 

(approximately 88%) in patients with and without HA.
2) Procedural success and short-term outcomes do not seem to be 

influenced by aortic angulation for both NBE and BE second-
generation devices.

3) TAVI procedures in HA patients are associated with a higher 
radiation dose and a tendency to a higher fluoroscopy time.
Patients with HA have been identified as a subgroup at increased 

risk of complications and adverse clinical outcomes with first-
generation SE TAVI1-4. This may be due to differences in valve 
characteristics. The correlation between higher AA and increased 
post-procedural AR was first observed by Sherif et al in 20105 
based on a small group of 50 patients treated with the first-gener-
ation SE CoreValve with aorto-ventricular angulation assessed by 
left ventriculography in a right anterior oblique projection of 30° 
during preparation of the patient for TAVI.

With the advent of the CT scan as the preprocedural “gold stand-
ard”5, AA has become more reliably assessed and new evidence 
added to this field. In 2016, Abramowitz et al showed, in a group of 
582 patients treated with first-generation valves, that an increased 
AA adversely influenced acute procedural success following TAVI 
with the use of SE valves but not with the use of BE valves. In that 
study, SE valves were associated with a higher rate of post-dilata-
tion, need of a second valve, valve embolisation, post-procedural 
PVR and fluoroscopy time in patients with HA as compared to 
NA patients (although with no impact on mortality at 30-day and 
six-month follow-up)1. This finding was not confirmed in a large 
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Figure 3. HA versus NA at procedure, discharge, and 30-day 
follow-up. Fluoroscopy time is expressed in minutes, radiation dose 
in Gy·cm2, device success, post-procedure PVR, pacemaker 
implantation and 30-day CV mortality in percentage (%). 
CV: cardiovascular; HA: horizontal aorta; NA: normal aorta; 
PVR: paravalvular regurgitation
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Table 4. Procedural, in-hospital and 30-day outcomes of BE and NBE TAVI in NA and HA.

Balloon-expandable (n=100) Non-balloon-expandable (n=447)

AA <48° (n=62) AA ≥48° (n=38) p-value AA <48° (n=255) AA ≥48° (n=192) p-value

Procedure
Contrast, ml 104.4±63.3 110.4±67 0.670 125.7±58.1 125.5±68.6 0.975

Fluoroscopy time, min 26.4±15.6 29.5±16.6 0.373 31.2±13.4 33.4±16.4 0.130

Radiation dose, Gy·cm2 100.7±104.6 124.2±108 0.311 104.5±74.7 120.2±98.4 0.062

Predilation 18 (29) 12 (31.6) 0.787 187 (73.3) 134 (69.8) 0.410

Valve size, mm 23 23 (37.1) 13 (34.2) 0.770 36 (14.2) 20 (10.4) 0.236

25 0 (0) 0 (0) 61 (24) 46 (24) 0.989

26 27 (43.5) 13 (34.2) 0.355 22 (8.7) 24 (12.5) 0.187

27 0 (0) 0 (0) 56 (22) 50 (26) 0.326

29 12 (19.4) 12 (31.6) 0.165 66 (26) 47 (24.5) 0.717

34 0 (0) 0 (0) 13 (5.1) 5 (2.6) 0.182

Post-dilation 7 (11.3) 4 (10.5) 0.906 66 (26) 34 (17.7) 0.040

Device success 57 (91.9) 33 (86.8) 0.410 222 (87.1) 170 (88.5) 0.637

Aortic dissection 0 (0) 0 (0) 0 (0) 1 (0.5) 0.249

Aortic rupture 1 (1.6) 2 (5.3) 0.299 0 (0) 1 (0.5) 0.249

Valve embolisation 0 (0) 0 (0) 2 (0.8) 3 (1.6) 0.439

Myocardial infarction 0 (0) 0 (0) 3 (1.2) 1 (0.5) 0.466

Emergency surgery 0 (0) 0 (0) 2 (0.8) 2 (1) 0.775

Procedural death 0 (0) 1 (2.6) 0.199 0 (0) 1 (0.5) 0.249

Coronary obstruction 1 (1.6) 0 (0) 0.431 3 (1.2) 3 (1.6) 0.726

Annulus rupture 0 (0) 0 (0) 0 (0) 1 (0.5) 0.249

Need of a second valve 0 (0) 0 (0) 2 (0.8) 2 (1) 0.775

Recapture of valve 0 (0) 0 (0) 16 (6.3) 11 (5.7) 0.811

Repositioning of valve 0 (0) 0 (0) 19 (7.5) 14 (7.3) 0.949

AR ≥moderate 3 (4.8) 2 (5.4) 0.901 28 (11) 16 (8.4) 0.364

PP gradient, mmHg 5.85±2.6 5.77±2.96 0.907 7.7±4.1 7.6±4 0.846

New permanent PM 5 (8.1) 10 (27) 0.011 52 (20.4) 45 (23.4) 0.439

Stroke 0 (0) 0 (0) 4 (1.6) 7 (3.6) 0.161

AKI 2-3 5 (8.1) 2 (5.3) 0.594 17 (6.7) 10 (5.2) 0.522

Hospital mortality 4 (6.5) 1 (2.6) 0.395 3 (1.2) 6 (3.1) 0.147

30-day follow-up
Death 1 (2.1) 0 (0) 0.426 5 (2.2) 4 (2.3) 0.933

Hospitalisation CV cause 4 (8.5) 3 (10) 0.825 16 (7.1) 12 (7.1) 0.987

Stroke 2 (4.3) 0 (0) 0.252 1 (0.4) 1 (0.6) 0.841

AR ≥moderate 7 (25) 5 (19.2) 0.610 62 (31.5) 33 (22.1) 0.054

PP gradient, mmHg 14.2±6.2 13.5±5.8 0.663 10.7±6.2 11.1±5.7 0.602

Values are mean±SD or n (%). AKI: acute kidney injury; AR: aortic regurgitation; PM: pacemaker; PP: post-procedure

cohort (n=3,578) of patients undergoing TAVI with the CoreValve 
device reported by Popma et al where the degree of AA did not 
have any impact upon procedural success or clinical outcomes6.

While previous reports were limited to first-generation 
devices, our study demonstrates that, in second-generation 
valves, the presence of HA seems not to have an impact on out-
comes regardless of the type of valve implanted. In this study 
the rate of the primary endpoint was similar between NA and 
HA (88% vs 88.3%; p=0.929), also when stratified by valve 
type (BE: 91.9% vs 86.8%; p=0.410; NBE: 87.1% vs 88.5%; 
p=0.637). The reason for the consistently successful implantation 
of the newer NBE devices across a range of AA may lie in their 

structural improvement. In particular, the repositionability of 
new NBE valves offers the possibility of optimising implantation 
depth; the improved design of the stent frame and the skirt may 
reduce the risk of AR and of coronary obstruction; the stabilisa-
tion arches and the new delivery systems allow a better and more 
effective coaxial alignment to the annulus. These features may 
be of particular benefit in HA anatomies, translating into similar 
device success and similar short-term outcomes compared to BE 
devices. Importantly, post-procedure valve haemodynamic func-
tion and clinical outcomes at discharge and at 30-day follow-up 
were similar between patients with and without HA, also when 
considering the use of NBE or BE valves.
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The higher rate of new permanent PM implantation in patients 
with AA ≥48° undergoing TAVI with BE valves is difficult to explain.

The higher radiation dose and numerically higher fluoroscopy 
time observed in our cohort are consistent with the concept of more 
technically demanding procedures in angulated aortas, regard-
less of whether the implanted device is BE or NBE. However, 
the similar rate of procedural complications between patients with 
and without HA observed in our study supports the idea that such 
procedural challenges do not translate into worse outcomes in HA 
anatomies, possibly due to technological improvements.

In conclusion, TAVI in HA seems to be safe and feasible with 
both BE and NBE valves. This finding suggests that other struc-
tural characteristics should be taken into consideration when tai-
loring valve choice to a specific patient.

Limitations
This was a single-centre retrospective study with short follow-
up. Second, only about one in five implanted valves was BE. 
However, previous concerns regarding the safety of TAVI in HA 
were limited to NBE valves, which were well represented in our 
analysis. This recognition, together with the absence of numerical 
differences in outcome rates between NA and HA patients receiv-
ing a BE valve, supports the favourable clinical profile in HA 
anatomies of both second-generation device types.

Conclusions
The use of contemporary second-generation NBE or BE TAVI 
prostheses in patients with HA is associated with similar and 
acceptable rates of device success and short-term clinical out-
comes comparable to those of patients without HA.

Impact on daily practice
A few studies have shown conflicting data about the impact 
of a horizontal aorta on clinical and procedural outcomes in 
patients undergoing TAVI, and only with first-generation valves. 
Our study showed that a horizontal aorta has no impact on 
device success and short-term clinical outcomes of TAVI with 
either second-generation self-expanding or balloon-expandable 
prostheses. This might alter the way we choose the appropriate 
prosthesis type in patients with horizontal aorta.
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Supplementary Table 1. Multivariate analysis for device success and other possible 

independent factors. 

 

Values are expressed as n (%) and hazard ratio (HR) with 95% confidence interval (CI).  

BMI: body mass index; CAD: coronary artery disease; LVOT: left ventricle outflow tract 

 

Variable Multivariate analysis 

 HR (95% CI) p-value 

Age 

 

0.99 (0.95-1.05) 0.893 

BMI 

 

1.04 (0.98-1.11) 0.223 

Previous CAD 

 

1.21 (0.68-2.14) 0.523 

LVOT calcification 

 

Aortic valve calcification ≥moderate 

0.73 (0.42-1.29) 

 

1.75 (0.94-3.29) 

0.279 

 

0.076 

Post-dilation 

 

3.91 (2.23-6.85) 0.000 

Horizontal aorta 1.13 (0.63-2.02) 0.668 


