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Abstract. – OBJECTIVE: We studied the im-
pact of transcatheter aortic valve implantation 
(TAVI) compared to the surgical aortic valve re-
placement (SAVR) on 30-day and one-year mor-
tality from randomized controlled trials (RCTs) 
in patients with severe aortic stenosis at high or 
low-intermediate surgical risk.

MATERIALS AND METHODS: All RCTs were 
retrieved through PubMed computerized data-
base and the site https://www.clinicaltrials.gov 
from January 2010 until March 31st, 2019. The 
absolute risk reduction (RD) with the 95% con-
fidence interval (CI) was used to assess the ef-
fectiveness of the intervention under compar-
ison. We evaluated overall mortality rates at 
30-day and one-year follow-up in the compari-
son between TAVI vs. SAVR. We also evaluated 
the role played by the site access for TAVI per-
formed through the femoral or subclavian ar-
tery (TV-TAVI) vs. SAVR, or transapically (TA-TA-
VI) vs. SAVR.

RESULTS: In the “as-treated population” the 
overall 30-day mortality was significantly low-
er in TAVI (p=0.03) with respect to SAVR. How-
ever, the analysis for TAVI subgroups showed 
that 30-day mortality was (1) significantly low-
er in TV-TAVI vs. SAVR (p=0.006), (2) increased, 
not significantly, in TA-TAVI vs. SAVR (p=0.62). 
No significant differences were found between 
TAVI vs. SAVR at one-year follow-up.

CONCLUSIONS: The results of our meta-anal-
ysis suggest that TV-TAVI is a powerful tool in 
the treatment of severe aortic stenosis at high 
or low-intermediate surgical risk, with a signif-

icant lower mortality with respect to SAVR. On 
the contrary, SAVR seems to provide better re-
sults than TA-TAVI.

Key Words:
Aortic stenosis, SAVR, Transcatheter aortic-valve re-

placement, Transcatheter aortic valve implantation, 
TAVI, TAVR.

Introduction

Surgical aortic valve replacement (SAVR) in 
the past was the gold standard treatment for 
severe symptomatic native aortic valve stenosis 
(AS) at high or intermediate surgical risk1. Since 
the first intervention in 2002, transcatheter aortic 
valve implantation (TAVI) is recognized as an 
effective therapy for treatment of AS in high, in-
termediate, and even low-risk operable patients2. 
Recent randomized trials of TAVR showed that, 
in patients who were at intermediate or high 
risk for death with surgery, TAVR was either 
superior or non-inferior to standard therapies, 
including SAVR3-13. These results led to new of 
ESC and AHA/ACC guidelines, that recommend: 
(1) TAVI among high-risk patients with severe, 
symptomatic AS (stage D), after consideration 
by a heart valve team, Class I (LOE A); (2) TA-
VI as a reasonable alternative to surgical AVR 
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for patients with severe, symptomatic AS (stage 
D) and intermediate surgical risk, after consid-
eration by a heart valve team (Class IIa, LOE 
B-R)14,15. However, in Europe 50% of TAVI are 
performed in patients at intermediate and 10% in 
low-surgical risk patients16. The site access route 
routinely used for TAVI is the transfemoral (TF) 
approach. However, transapical (TA), subclavian 
artery (TS), axillary artery (AX) and most re-
cently direct aortic (DA) access have developed 
when TF is precluded because of small vessel 
caliber and peripheral vascular disease17-19. The 
TF-TAVI is reported to be associated to minor 
incidence of adverse events than TA-TAVI and 
SAVR. In adjunct SAVR performs better than 
TA-TAVI20. Moreover, there is insufficient ev-
idence regarding the comparison of TAVI vs. 
SAVR in severe AS at low surgical risk21,22. In 
adjunct previous review and meta-analyses failed 
to formally rate either the quality of the evidence 
or the credibility of subgroup analyses or provide 
absolute risks20,23,24. This prompted us to update 
a meta-analysis of randomized controlled tri-
als (RCTs) on the impact of TAVI compared to 
SVAR in high and low-intermediate surgical risk 
patients to assess: (1) mortality at 30-day and at 
one-year of follow-up and (2) the influence of the 
site access for TAVI.

Materials and Methods
 
This review and meta-analysis was performed 

in accordance with the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Me-
ta-Analyses) statement.

Search Strategy and Data Sources
A systematic literature search for “TAVI” or 

“TAVR” was performed through PubMed com-
puterized database and through the site https://
www.clinicaltrials.gov from January 2010 until 
March 31st, 2019. Additional manual search was 
performed consulting relevant systematic reviews 
to check the included trials. All RCTs designed 
for a direct comparison of TAVI vs. SVAR in pa-
tients with severe, symptomatic AS were includ-
ed. The access site for TAVI was also collected. 
TF-TAVI together to TS-TAVI and AX-TAVI 
were named transvascular TAVI (TV-TAVI). Two 
investigators independently selected and exam-
ined the trial design (superiority or non-inferior-
ity), site access and the method employed to an-
alyze the results. Discrepancy in data extraction 

was resolved in discussion with a third author, 
until consensus was achieved. The search was re-
stricted to English-language journals. Exclusion 
criteria were all studies performed without the 
random design allocation of patients to TAVI or 
SAVR treatments, observational studies, confer-
ence abstract and proceedings.

Data Analysis
The analysis was performed with the Review 

Manager [Computer program] Version 5.3. Co-
penhagen: The Nordic Cochrane Centre, the Co-
chrane Collaborations, 2014. The absolute risk 
reduction (RD) with the 95% confidence interval 
(CI) was used to assess the effectiveness of the 
intervention under study. 

The Forest plots were examined to detect 
homogeneity/heterogeneity among studies. Ho-
mogeneity/heterogeneity were quantified with 
the Cochran’s Q test and I2 statistics. The Man-
tel-Haenszel fixed effect model was adopted in-
stead of the random effect model in the absence 
of heterogeneity25. The primary endpoints were a 
composite of death from any cause at 30-day and 
at one-year of follow-up. Overall mortality rates 
at 30-day and one-year follow-up was assessed 
in the comparison between TAVI vs. SAVR. We 
also evaluated the influence by the site access for 
TAVI performed through the femoral or subclavi-
an artery (TV-TAVI) vs. SAVR, or transapically 
(TA-TAVI) vs. SAVR. We performed intention to 
treat (ITT) and “as treated” analysis in the com-
parison between TAVI vs. SAVR. We choose “as 
treated analysis” in the comparisons of subgroups 
TV-TAVI vs. SAVR and TA-TAVI vs. SAVR, as 
suggested by the regulatory agencies, because the 
data are derived mainly from non-inferiority trial 
design (www.fda.gov/Drugs/GuidanceCompli-
anceRegulatoryInformation/Guidances/default.
htm). Bidirectional α error <0.05 was considered 
as statistically significant.

Results

Of 6,089 studies identified for screening, af-
ter detailed review, 8 RCTs and 14 related arti-
cles meet the inclusion criteria and were select-
ed4,5,7,12,13,26-34. The selected RCTs included 8,090 
patients initially randomized to TAVI or SAVR. 
PRISMA flow diagram for the study selection 
process is reported in the Figure 1. Out of 8 
RCTs, 6 were designed to compare the non-in-
feriority of TAVI vs. SAVR and includes 7,740 
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randomized patients, 2 were designed to compare 
the superiority of TAVI vs. SAVR in 350 patients 
randomized to treatments (Table I). The char-
acteristics of the RCTs included are reported in 
Table I-II. ITT or “as treated” analysis was not 
performed in all the comparisons due to missing 
data (Table II). Indeed PARTNER 334, report 
only results for “as treated” patients while, for 
SURTAVI trial12, only modified ITT data were 
available. We found no significant difference on 
30-day mortality between TAVI vs. SAVR in 
ITT analysis (RD: -0.00; 95% CI from -0.01 to 
0.00; p=0.45). In “as treated” population 30-day 
mortality was significantly lower for TAVI com-
pared to SAVR (RD: -0.01, 95% CI from -0.02 to 
-0.00, p=0.03) (Figure 2). When we analyzed TA-
VI subgroups, a significant reduction in 30-day 
mortality was observed in TV-TAVI vs. SAVR 
(RD: -0.01; 95% CI from -0.02 to -0.00; p=0.006). 

Increased, not significantly, 30-day mortality was 
observed in TA-TAVI compared to SAVR, (RD: 
0.02; 95% CI from -0.04 to 0.08; p=0.62) (Figure 
3). The trials included had homogeneous data into 
each subgroup (I2=6% in TV-TAVI and I2=0% 
in TA-TAVI) (Figure 3). The results at one-year 
follow-up showed that in the comparison between 
TAVI vs. SAVR, there was a non-significant 2% 
absolute risk reduction (RD: -0.02; 95% CI from 
-0.04 to 0.00; p=0.06). No significant differences 
were also found in the comparison between TAVI 
subgroups vs. SAVR (Figure 4). 

Discussion

TAVI is considered equal or even superior to 
SAVR regarding early mortality when TF ac-
cess is used35. TF-TAVI seems to be associated 

Figure 1. Flowchart of the study selection process. RCTs: Randomized controlled trials.
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Figure 2. 30-day mortality in overall TAVI population of patients. A, ITT; B, “as treated”. ITT: intention to treat.

Figure 3. 30-day mortality in TAVI “as treated” subgroups population. 
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with significantly higher early and intermediate 
survival compared with TA-TAVR36. TA-TAVI, 
widely used in the past, is nowadays considered 
inferior to TF-TAVI37-40 and its role is at a turning 
point. The PARTNER trial investigators demon-
strated the negative impact of TA-TAVI on two-
year all-cause mortality in patients with and with-
out left ventricular dysfunction41. The PARTNER 
3 trial investigators reported that in patients with 
severe aortic stenosis who were at low-surgical 
risk, the rate of the composite of death, stroke, or 
re-hospitalization at 1 year was significantly low-
er with TAVI than with SAVR34. Indeed the EVO-
LUT LOW RISK trial investigators showed that 
in patients with severe AS who were at low sur-

gical risk, TAVI with a self-expanding supra-an-
nular bioprosthesis was non-inferior to SAVR 
with respect to the composite end point of death 
or disabling stroke at 24 months33. However, re-
cent registries have shown conflicting results on 
post-operative mortality when the access sites for 
TAVI entered the analysis41. Furthermore, a re-
cent contemporary large study on utilization and 
outcomes of TF vs. TA-TAVI in real-world patient 
populations, showed that TF approach should be 
preferred over a TA approach for TAVI whenever 
possible42,43. In adjunct the analysis of data from 
UK TAVI registry showed that TA and DA-TA-
VI were associated with similar survival, both 
significantly worse than with the TF route38,44. 

Figure 4. One-year mortality in TAVI “as treated” population. A, Overall population. B, Subgroups of patients.
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Moreover, TS access for TAVI provide result sim-
ilar to TF-TAVI and may represent the safest non 
femoral access route37,38. However, data from ob-
servational studies could overestimate the treat-
ments effect due to the lack of randomization45,46. 
On the contrary, RCTs are considered a key tool 
for comparative effectiveness research, because, 
through randomization: (1) patients are assigned 
to experimental or control group by chance in 
order to reduce errors or bias and (2) only the real 
differences due to the treatment are remarked47,48. 
Based on these observations, we have chosen to 
perform a meta-analysis on the available RCTs in 
order to examine the impact of TAVI and SAVR 
on death from any cause at 30-day and at one-
year of follow-up in patients with AS at high and 
low-intermediate surgical risk (Figure 2, 4). In 
the meta-analysis we also assessed the role played 
by the site access for TAVI (Figure 3, 4). As 
confirmation of the actuality of the TV approach 
for TAVI, the majority of the patients included 
in the meta-analysis (93.4%) belonged to the 
TV-TAVI subgroup and a lower number (6.6%) 
to the TA-TAVI subgroup (Figure 3). We did not 
found significant differences between TAVI vs. 
SAVR at 30-day (ITT population) and one-year 
mortality (Figure 2, 4). The estimate is the result 
of two opposite trends: a significant reduction 
in mortality in TV-TAVI compared to SAVR 
(p=0.006) and an increased mortality, although 
not significant, in TA-TAVI compared to SAVR 
(p=0.62) (Figure 3). The results demonstrate that 
the analysis performed without outlining the im-
portance of take into account the arterial access 
site for TAVI can be confusing and lead to biased 
results49. Again, our findings are in agreement 
with those of the STACCATO trial27, which, de-
signed to investigate the superiority of TA-TAVI 
compared to SAVR, showed a negative effect of 
TA-TAVI with respect to SAVR. In fact, the trial, 
designed to enroll 200 patients, was interrupted 
prematurely after enrolling only 70 patients, due 
to an excess of adverse events in the TA-TAVI 
group. Finally the significant beneficial impact 
on the 30-day mortality of TV-TAVI can be at-
tributable to its non-invasive nature, with respect 
to TA-TAVI and SAVR41, that are full-fledged 
surgical procedures and as such imply a different 
postoperative course43. The choice to include in 
the meta-analysis only the RCTs to avoid bias, 
does not exclude the limitation of the insufficient 
number of patients enrolled. In addition, we 
could not perform the analysis of data with both 
ITT and “as treated” approach due to the lack of 

details related to the TAVI subgroups (Table II). 
Indeed, in SURTAVI12 only the analysis for ITT 
patient population and in PARTNER 334 only “as 
treated” analysis were performed.

Conclusions

Our meta-analysis show the lack of significant 
differences on the incidence of 30-day and one-
year mortality of TAVI vs. SAVR in the overall 
data analysis. However, the analysis can lead to 
misleading results when the comparisons are 
performed without taking into account the sub-
groups selected on the basis of the arterial access 
site for TAVI. Indeed, in the analysis of TAVI 
subgroups, our data suggest the significant supe-
riority of TV-TAVI vs. SAVR in terms of 30-day 
mortality reduction, irrespective of surgical risk 
category. Finally, TA-TAVI was affected by high-
er, not significant, occurrence of 30-day mortality 
compared to SAVR.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Bonow RO, Carabello BA, Chatterjee K, de Leon 
AC Jr, Faxon DP, Freed MD, Gaasch WH, Lytle BW, 
Nishimura RA, O’Gara PT, O’Rourke RA, Otto CM, 
Shah PM, Shanewise JS, Smith SC Jr, Jacobs AK, Ad-
ams CD, Anderson JL, Antman EM, Fuster V, Halper-
in JL, Hiratzka LF, Hunt SA, Lytle BW, Nishimura R, 
Page RL, Riegel B. ACC/AHA 2006 guidelines for 
the management of patients with valvular heart 
disease: a report of the American College of Car-
diology/American Heart Association Task Force 
on Practice Guidelines (writing Committee to Re-
vise the 1998 guidelines for the management of 
patients with valvular heart disease) developed 
in collaboration with the Society of Cardiovas-
cular Anesthesiologists endorsed by the Soci-
ety for Cardiovascular Angiography and Interven-
tions and the Society of Thoracic Surgeons. J Am 
Coll Cardiol 2006; 48: e1-148.

  2)	 Mack MJ, Holmes DR, Webb J, Cribier A, Kodali SK, 
Williams MR, Leon MB. Patient selection for tran-
scatheter aortic valve replacement. J Am Coll 
Cardiol 2013; 62: S1-10.

  3)	 Leon MB, Smith CR, Mack M, Miller DC, Moses JW, 
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Mak-
kar RR, Brown DL, Block PC, Guyton RA, Pichard 
AD, Bavaria JE, Herrmann HC, Douglas PS, Petersen 
JL, Akin JJ, Anderson WN, Wang D, Pocock S; PART-



D. Sergi, M.C. Acconcia, S. Muscoli, M.A. Perrone, V. Cammalleri, et al.

5410

NER Trial Investigators. Transcatheter aortic-valve 
implantation for aortic stenosis in patients who 
cannot undergo surgery. N Engl J Med 2010; 363: 
1597-1607. 

  4)	 Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, 
Svensson LG, Tuzcu EM, Webb JG, Fontana GP, Mak-
kar RR, Williams M, Dewey T, Kapadia S, Babaliaros V, 
Thourani VH, Corso P, Pichard AD, Bavaria JE, Her-
rmann HC, Akin JJ, Anderson WN, Wang D, Pocock 
SJ; PARTNER Trial Investigators. Transcatheter ver-
sus surgical aortic-valve replacement in high-risk 
patients. N Engl J Med 2011; 364: 2187-2198. 

  5)	 Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson 
LG, Kodali SK, Thourani VH, Tuzcu EM, Miller DC, 
Herrmann HC, Doshi D, Cohen DJ, Pichard AD, Ka-
padia S, Dewey T, Babaliaros V, Szeto WY, Williams 
MR, Kereiakes D, Zajarias A, Greason KL, Whisenant 
BK, Hodson RW, Moses JW, Trento A, Brown DL, 
Fearon WF, Pibarot P, Hahn RT, Jaber WA, Anderson 
WN, Alu MC, Webb JG; PARTNER 2 Investigators. 
Transcatheter or surgical aortic-valve replace-
ment in intermediate-risk patients. N Engl J Med 
2016; 374: 1609-1620.

  6)	 Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svens-
son LG, Kodali S, Webb JG, Mack MJ, Douglas PS, 
Thourani VH, Babaliaros VC, Herrmann HC, Szeto 
WY, Pichard AD, Williams MR, Fontana GP, Miller 
DC, Anderson WN, Akin JJ, Davidson MJ, Smith CR; 
PARTNER trial investigators. 5-year outcomes of 
transcatheter aortic valve replacement compared 
with standard treatment for patients with inoper-
able aortic stenosis (PARTNER 1): a randomised 
controlled trial. Lancet 2015; 385: 2485-2491. 

  7)	 Mack MJ, Leon MB, Smith CR, Miller DC, Moses JW, 
Tuzcu EM, Webb JG, Douglas PS, Anderson WN, 
Blackstone EH, Kodali SK, Makkar RR, Fontana GP, 
Kapadia S, Bavaria J, Hahn RT, Thourani VH, Baba-
liaros V, Pichard A, Herrmann HC, Brown DL, Wil-
liams M, Akin J, Davidson MJ, Svensson LG; PART-
NER 1 trial investigators. 5-year outcomes of tran-
scatheter aortic valve replacement or surgical 
aortic valve replacement for high surgical risk pa-
tients with aortic stenosis (PARTNER 1): a ran-
domised controlled trial. Lancet 2015; 385: 2477-
2484.

  8)	 Webb JG, Doshi D, Mack MJ, Makkar R, Smith CR, 
Pichard AD, Kodali S, Kapadia S, Miller DC, Baba-
liaros V, Thourani V, Herrmann HC, Bodenhamer M, 
Whisenant BK, Ramee S, Maniar H Jr, Kereiakes D, Xu 
K, Jaber WA, Menon V, Tuzcu EM, Wood D, Svens-
son LG, Leon MB. A randomized evaluation of the 
SAPIEN XT transcatheter heart valve system in 
patients with aortic stenosis who are not candi-
dates for surgery. JACC Cardiovasc Interv 2015; 
8: 1797-1806. 

  9)	 Thourani VH, Kodali S, Makkar RR, Herrmann HC, 
Williams M, Babaliaros V, Smalling R, Lim S, Malais-
rie SC, Kapadia S, Szeto WY, Greason KL, Kereiakes 
D, Ailawadi G, Whisenant BK, Devireddy C, Leipsic 
J, Hahn RT, Pibarot P, Weissman NJ, Jaber WA, Co-
hen DJ, Suri R, Tuzcu EM, Svensson LG, Webb JG, 
Moses JW, Mack MJ, Miller DC, Smith CR, Alu MC, 
Parvataneni R, D’Agostino RB Jr, Leon MB. Tran-

scatheter aortic valve replacement versus sur-
gical valve replacement in intermediate-risk pa-
tients: a propensity score analysis. Lancet 2016; 
387: 2218-2225. 

10)	 Popma JJ, Adams DH, Reardon MJ, Yakubov SJ, Klei-
man NS, Heimansohn D, Hermiller J Jr, Hughes GC, 
Harrison JK, Coselli J, Diez J, Kafi A, Schreiber T, 
Gleason TG, Conte J, Buchbinder M, Deeb GM, Car-
abello B, Serruys PW, Chenoweth S, Oh JK; CoreV-
alve United States Clinical Investigators. Transcathe-
ter aortic valve replacement using a self-expand-
ing bioprosthesis in patients with severe aortic 
stenosis at extreme risk for surgery. J Am Coll 
Cardiol 2014; 63: 1972-1981.

11)	 Adams DH, Popma JJ, Reardon MJ. Transcatheter 
aortic-valve replacement with a self-expanding 
prosthesis. N Engl J Med 2014; 371: 967-968. 

12)	 Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman 
NS, Søndergaard L, Mumtaz M, Adams DH, Deeb 
GM, Maini B, Gada H, Chetcuti S, Gleason T, Heiser 
J, Lange R, Merhi W, Oh JK, Olsen PS, Piazza N, 
Williams M, Windecker S, Yakubov SJ, Grube E, Mak-
kar R, Lee JS, Conte J, Vang E, Nguyen H, Chang Y, 
Mugglin AS, Serruys PW, Kappetein AP; SURTAVI In-
vestigators. Surgical or transcatheter aortic-valve 
replacement in intermediate-risk patients. N Engl 
J Med 2017; 376: 1321-1331. 

13)	 Gleason TG, Reardon MJ, Popma JJ, Deeb GM, 
Yakubov SJ, Lee JS, Kleiman NS, Chetcuti S, Hermill-
er JB Jr, Heiser J, Merhi W, Zorn GL 3rd, Tadros P, 
Robinson N, Petrossian G, Hughes GC, Harrison JK, 
Conte JV, Mumtaz M, Oh JK, Huang J, Adams DH; 
CoreValve U.S. Pivotal high risk trial clinical inves-
tigators. 5-year outcomes of self-expanding tran-
scatheter versus surgical aortic valve replace-
ment in high-risk patients. J Am Coll Cardiol 2018; 
72: 2687-2696.

14)	 Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, 
Holm PJ, Iung B, Lancellotti P, Lansac E, Rodriguez 
Muñoz D, Rosenhek R, Sjögren J, Tornos Mas P, Vah-
anian A, Walther T, Wendler O, Windecker S, Zamo-
rano JL; ESC Scientific Document Group. 2017 ESC/
EACTS Guidelines for the management of val-
vular heart disease. Eur Heart J 2017; 38: 2739-
2791.

15)	 Nishimura RA, Otto CM, Bonow RO, Carabello BA, 
Erwin JP 3rd, Fleisher LA, Jneid H, Mack MJ, Mc-
Leod CJ, O’Gara PT, Rigolin VH, Sundt TM 3rd, 
Thompson A. 2017 AHA/ACC focused update of 
the 2014 AHA/ACC guideline for the management 
of patients with valvular heart disease: a report 
of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol 2017; 70: 252-289. 

16)	 Petronio AS, Capranzano P, Barbato E, Piazza N, Ba-
umbach A, Haude M, Windecker S. Current status 
of transcatheter valve therapy in Europe: results 
from an EAPCI survey. EuroIntervention 2016; 12: 
890-895.

17)	 Toggweiler S, Leipsic J, Binder RK, Freeman M, Bar-
banti M, HeijmenRH, Wood DA, Webb JG. Manage-
ment of vascular access in transcatheter aor-



Transvascular and transapical TAVI vs. surgical aortic valve replacement

5411

tic valve replacement: part 1: basic anatomy, im-
aging, sheaths, wires, and access routes. JACC 
Cardiovasc Interv 2013; 6: 643-653.

18)	 Petronio AS, De Carlo M, Bedogni F, Marzocchi A, 
Klugmann S, Maisano F, Ramondo A, Ussia GP, Et-
tori F, Poli A, Brambilla N, Saia F, De Marco F, Co-
lombo A. Safety and efficacy of the subclavian ap-
proach for transcatheter aortic valve implantation 
with the CoreValve revalving system. Circ Cardio-
vasc Interv 2010; 3: 359-366.

19)	 Moynagh AM, Scott DJ, Baumbach A, Khavandi A, 
Brecker SJ, Laborde JC, Brown S, Chowdhary S, Sar-
avanan D, Crean PA, Teehan S, Hildick-Smith D, Trive-
di U, Khogali SS, Bhabra MS, Roberts DH, Morgan 
KP, Blackman DJ; UK CoreValve Collaborative. Cor-
eValve transcatheter aortic valve implantation via 
the subclavian artery: comparison with the trans-
femoral approach. J Am Coll Cardiol 2011; 57: 
634-635.

20)	 Siemieniuk RA, Agoritsas T, Manja V, Devji T, Chang 
Y, Bala MM, Thabane L, Guyatt GH. Transcatheter 
versus surgical aortic valve replacement in pa-
tients with severe aortic stenosis at low and inter-
mediate risk: systematic review and meta-analy-
sis. BMJ 2016; 354: i5130.

21)	 Søndergaard L, Ihlemann N, Capodanno D, Jør-
gensen TH, Nissen H, Kjeldsen BJ, Chang Y, Stein-
brüchel DA, Olsen PS, Petronio AS, Thyregod HGH. 
Durability of transcatheter and surgical biopros-
thetic aortic valves in patients at lower surgical 
risk. J Am Coll Cardiol 2019; 73: 546-553. 

22)	 Waksman R, Rogers T, Torguson R, Gordon P, Ehsan 
A, Wilson SR, Goncalves J, Levitt R, Hahn C, Parikh 
P, Bilfinger T, Butzel D, Buchanan S, Hanna N, Gar-
rett R, Asch F, Weissman G, Ben-Dor I, Shults C, Bas-
tian R, Craig PE, Garcia-Garcia HM, Kolm P, Zou Q, 
Satler LF, Corso PJ. Transcatheter aortic valve re-
placement in low-risk patients with symptomat-
ic severe aortic stenosis. J Am Coll Cardiol 2018; 
72: 2095-2105.

23)	 Gargiulo G, Sannino A, Capodanno D, Barbanti M, 
Buccheri S, Perrino C, Capranzano P, Indolfi C, Tri-
marco B, Tamburino C, Esposito G. Transcatheter 
aortic valve implantation versus surgical aortic 
valve replacement: a systematic review and me-
ta-analysis. Ann Intern Med 2016; 165: 334-344.

24)	 Siontis GC, Praz F, Pilgrim T, Mavridis D, Verma S, 
Salanti G, Søndergaard L, Jüni P, Windecker S. Tran-
scatheter aortic valve implantation vs. surgical 
aortic valve replacement for treatment of severe 
aortic stenosis: a meta-analysis of randomized tri-
als. Eur Heart J 2016; 37: 3503-3512. 

25)	 Higgins JPT, Green S (editors). Cochrane Handbook 
for Systematic Reviews of Interventions Version 
5.1.0 [updated March 2011]. The Cochrane Col-
laboration, 2011. Available from www.handbook.
cochrane.org.

26)	 Svensson LG, Tuzcu M, Kapadia S, Blackstone EH, 
Roselli EE, Gillinov AM, Sabik JF 3rd, Lytle BW. 
A comprehensive review of the PARTNER trial. 
J Thorac Cardiovasc Surg 2013; 145 (3 Suppl): 
S11-16.

27)	 Nielsen HH, Klaaborg KE, Nissen H, Terp K, Mortensen 
PE, Kjeldsen BJ, Jakobsen CJ, Andersen HR, Egeblad 
H, Krusell LR, Thuesen L, Hjortdal VE. A prospec-
tive, randomised trial of transapical transcatheter 
aortic valve implantation vs. surgical aortic valve 
replacement in operable elderly patients with aor-
tic stenosis: the STACCATO trial. EuroInterven-
tion 2012; 8: 383-389. 

28)	 Barker CM, Reardon MJ. The CoreValve US pivot-
al trial. SeminThorac Cardiovasc Surg 2014; 26: 
179-186.

29)	 Adams DH, Popma JJ, Reardon MJ, Yakubov SJ, 
Coselli JS, Deeb GM, Gleason TG, Buchbinder M, 
Hermiller J Jr, Kleiman NS, Chetcuti S, Heiser J, Mer-
hi W, Zorn G, Tadros P, Robinson N, Petrossian G, 
Hughes GC, Harrison JK, Conte J, Maini B, Mum-
taz M, Chenoweth S, Oh JK; U.S. CoreValve Clinical 
Investigators. Transcatheter aortic-valve replace-
ment with a self-expanding prosthesis. N Engl J 
Med 2014; 370: 1790-1798. 

30)	 Conte JV, Hermiller J Jr, Resar JR, Deeb GM, Glea-
son TG, Adams DH, Popma JJ, Yakubov SJ, Watson D, 
Guo J, Zorn GL 3rd, Reardon MJ. Complications 
after self-expanding transcatheter or surgical aor-
tic valve replacement. Semin Thorac Cardiovasc 
Surg 2017; 29: 321-330. 

31)	 Thyregod HG, Steinbrüchel DA, Ihlemann N, Nissen 
H, Kjeldsen BJ, Petursson P, Chang Y, Franzen OW, 
Engstrøm T, Clemmensen P, Hansen PB, Andersen LW, 
Olsen PS, Søndergaard L. Transcatheter versus 
surgical aortic valve replacement in patients with 
severe aortic valve stenosis: 1-year results from 
the all-comers NOTION Randomized Clinical Tri-
al. J Am Coll Cardiol 2015; 65: 2184-2194. 

32)	 Thyregod HGH, Ihlemann N, Jørgensen TH, Nissen 
H, Kjeldsen BJ, Petursson P, Chang Y, Franzen OW, 
Engstrøm T, Clemmensen P, Hansen PB, Andersen LW, 
Steinbrüchel DA, Olsen PS, Søndergaard L. Five-year 
clinical and echocardiographic outcomes from the 
Nordic Aortic Valve Intervention (NOTION) ran-
domized clinical trial in lower surgical risk pa-
tients. Circulation 2019 [Epub ahead of print]. Cir-
culation 2019 Feb 1. doi: 10.1161/CIRCULATIONA-
HA.118.036606. [Epub ahead of print]

33)	 SJ, Mumtaz M, Gada H, O’Hair D, Bajwa T, Heiser 
JC, Merhi W, Kleiman NS, Askew J, Sorajja P, Rovin 
J, Chetcuti SJ, Adams DH, Teirstein PS, Zorn III GL, 
Forrest JK, Tchétché D, Resar J, Walton A, Piazza N, 
Ramlawi B, Robinson N, Petrossian G, Gleason TG, 
Oh JK, Boulware MJ, Qiao H, Mugglin AS, Reardon 
MJ, for the Evolut Low Risk Trial Investigators. Tran-
scatheter aortic-valve replacement with a self-ex-
panding valve in low-risk patients. N Engl J Med 
2019; 380: 1706-1715.

34)	 Mack MJ, Leon MB, Thourani VH, Makkar R, Koda-
li SK, Russo M, Kapadia SR, Malaisrie SC, Cohen DJ, 
Pibarot P, Leipsic J, Hahn RT, Blanke P, Williams MR, 
McCabe JM, Brown DL, Babaliaros V, Goldman S, 
Szeto WY, Genereux P, Pershad A, Pocock SJ, Alu 
MC, Webb JG, Smith CR, for the PARTNER 3 Inves-
tigators. Transcatheter aortic-valve replacement 
with a balloon-expandable valve in low-risk pa-
tients. N Engl J Med 2019; 380: 1695-1705.



D. Sergi, M.C. Acconcia, S. Muscoli, M.A. Perrone, V. Cammalleri, et al.

5412

35)	 Moat NE. Will TAVR become the predominant 
method for treating severe aortic stenosis? N En-
gl J Med 2016; 374: 1682-1683.

36)	 Biancari F, Rosato S, D’Errigo P, Ranucci M, On-
orati F, Barbanti M, Santini F, Tamburino C, San-
toro G, Grossi C, Covello RD, Ventura M, Fus-
co D, Seccareccia F; OBSERVANT Research Group. 
Immediate and intermediate outcome after tran-
sapical versus transfemoral transcatheter aor-
tic valve replacement. Am J Cardiol 2016; 117: 
245-251.

37)	 Blackman DJ, Baxter PD, Gale CP, Moat NE, Mac-
carthy PA, Hildick-Smith D, Trivedi U, Cunningham 
D, DE Belder MA, Ludman PF; National Institute 
for Cardiovascular Outcomes Research (NICOR). Do 
outcomes from transcatheter aortic valve implan-
tation vary according to access route and valve 
type? The UK TAVI Registry. J Interv Cardiol 
2014; 27: 86-95. 

38)	 Ludman PF. UK TAVI registry. Heart 2019; 105(Sup-
pl 2): s2-s5.

39)	 Gilard M, Eltchaninoff H, Iung B, Donzeau-Gouge 
P, Chevreul K, Fajadet J, Leprince P, Leguerrier A, 
Lievre M, Prat A, Teiger E, Lefevre T, Himbert D, 
Tchetche D, Carrié D, Albat B, Cribier A, Rioufol 
G, Sudre A, Blanchard D, Collet F, Dos Santos P, 
Meneveau N, Tirouvanziam A, Caussin C, Guyon P, 
Boschat J, Le Breton H, Collart F, Houel R, Delpine 
S, Souteyrand G, Favereau X, Ohlmann P, Doisy V, 
Grollier G, Gommeaux A, Claudel JP, Bourlon F, 
Bertrand B, Van Belle E, Laskar M; FRANCE 2 In-
vestigators. Registry of transcatheter aortic-valve 
implantation in high-risk patients. N Engl J Med 
2012; 366: 1705-1715.

40)	 Mohr FW, Holzhey D, Möllmann H, Beckmann A, Ve-
it C, Figulla HR, Cremer J, Kuck KH, Lange R, Zahn 
R, Sack S, Schuler G, Walther T, Beyersdorf F, Böhm 
M, Heusch G, Funkat AK, Meinertz T, Neumann T, 
Papoutsis K, Schneider S, Welz A, Hamm CW; GARY 
Executive Board. The German aortic valve regis-
try: 1-year results from 13,680 patients with aortic 
valve disease. Eur J Cardiothorac Surg 2014; 46: 
808-816.

41)	 Elmariah S, Fearon WF, Inglessis I, Vlahakes GJ, Lind-
man BR, Alu MC, Crowley A, Kodali S, Leon MB, 
Svensson L, Pibarot P, Hahn RT, Thourani VH, Pala-
cios IF, Miller DC, Douglas PS, Passeri JJ; PARTNER 
Trial Investigators and PARTNER Publications Office. 
Transapical transcatheter aortic valve replace-
ment is associated with increased cardiac mor-

tality in patients with left ventricular dysfunction: 
insights from the PARTNER I trial. JACC Cardio-
vasc Interv 2017; 10: 2414-2422.

42)	 Blackstone EH, Suri RM, Rajeswaran J, Babaliaros V, 
Douglas PS, Fearon WF, Miller DC, Hahn RT, Kapa-
dia S, Kirtane AJ, Kodali SK, Mack M, Szeto WY, Thou-
rani VH, Tuzcu EM, Williams MR, Akin JJ, Leon MB, 
Svensson LG. Propensity-matched comparisons of 
clinical outcomes after transapical or transfemo-
ral transcatheter aortic valve replacement: a place-
ment of aortic transcatheter valves (PARTNER)-I 
trial substudy. Circulation 2015; 131: 1989-2000. 

43)	 Kumar N, Khera R, Fonarow GC, Bhatt DL. Com-
parison of outcomes of transfemoral versus tran-
sapical approach for transcatheter aortic valve 
implantation. Am J Cardiol 2018; 122: 1520-1526.

44)	 Fröhlich GM, Baxter PD, Malkin CJ, Scott DJ, Moat 
NE, Hildick-Smith D, Cunningham D, MacCarthy PA, 
Trivedi U, de Belder MA, Ludman PF, Blackman DJ; 
National Institute for Cardiovascular Outcomes Re-
search. Comparative survival after transapical, di-
rect aortic, and subclavian transcatheter aortic 
valve implantation (data from the UK TAVI regis-
try). Am J Cardiol 2015; 116: 1555-1559.

45)	 Saturni S, Bellini F, Braido F, Paggiaro P, Sanduzzi 
A, Scichilone N, Santus PA, Morandi L, Papi A. Ran-
domized controlled trials and real life studies. Ap-
proaches and methodologies: a clinical point of 
view. Pulm Pharmacol Ther 2014; 27: 129-138.

46)	 Sørensen HT, Lash TL, Rothman KJ. Beyond ran-
domized controlled trials: a critical comparison 
of trials with nonrandomized studies. Hepatology 
2006; 44: 1075-1082. 

47)	 Fewell Z, Davey Smith G, Sterne JA. The impact of 
residual and unmeasured confounding in epide-
miologic studies: a simulation study. Am J Epide-
miol 2007; 166: 646-655.

48)	 Luce BR, Kramer JM, Goodman SN, Connor JT, Tu-
nis S, Whicher D, Schwartz JS. Rethinking random-
ized clinical trials for comparative effectiveness 
research: the need for transformational change. 
Ann Intern Med 2009; 151: 206-209. 

49)	 Acconcia MC, Caretta Q, Romeo F, Borzi M, Per-
rone MA, Sergi D, Chiarotti F, Calabrese CM, Sili 
Scavalli A, Gaudio C. Meta-analyses on intra-aor-
tic balloon pump in cardiogenic shock complicat-
ing acute myocardial infarction may provide bi-
ased results. Eur Rev Med Pharmacol Sci 2018; 
22: 2405-2414.


