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1  Introduction 

Transcatheter aortic valve implantation (TAVI) or re-
placement (TAVR) represents nowadays a viable and estab-
lished therapeutic option in patients with severe aortic 
stenosis (AS) who are considered high or prohibitive risk 
for conservative surgical treatment. It has been a long jour-
ney requiring almost ten years of preclinical research since 
the first in man TAVR in 2002. Five more years of clinical 
trials followed, before “Conformité Européene” (CE) mark-
ing and clinical use initiation in Europe.  

In the last decade, TAVR has been performed in about 
400,000 patients worldwide and indications keep growing at 
a rate of 40% annually. Real-world data published confirm 
the rapid adoption of TAVR, especially in the developed 
countries, shifting the treatment of AS from conventional 
surgery to a percutaneous transcatheter approach.[1] 

The positive results of the first randomised clinical trial 
published in 2010,[2] which were the precursor of the inclu-
sion of the method in the European Society of Cardiology 
(ESC) and the European Association for Cardio-Thoracic 
Surgery guidelines and by the American College of Cardi-
ology/American Heart Association (ACC/AHA) Task Force 
on Practice Guidelines in 2012 and 2014, respectively. 
Based on these recommendations, TAVR can be performed 
in patients not suitable for conventional surgical treatment I 
(B) and as an alternative to surgery in high risk patients after 
approval by a multidisciplinary heart team, based on the 
individual risk profile and anatomy IIa (B).[3–5] 

The field of TAVR has been rapidly evolving over the 
last years. Ongoing developments in procedural techniques 
and biomedical engineering have made TAVR a simple and 
safe method for high risk patients. The question of expand-
ing the indication for TAVR to intermediate or even lower 
risk patients has been raised by two recent large randomized 
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trials. Based on the results of these trials, the AHA/ACC 
have recently published new guidelines on the management 
of patients with valvular heart disease in which TAVR has 
an I (A) indication in high surgical risk patients and a brand 
new indication IIa (B) in patients with severe AS and of 
intermediate surgical risk depending on patient-specific 
procedural risks, values and preferences.[6] 

The choice of proceeding with surgical aortic valve re-
placement (SAVR) versus TAVR or even medical treatment 
is based on multiple factors, including surgical risk, patient 
frailty, comorbid conditions, and patient preferences and 
values. Non-patient depended factors of extreme importance 
is the operators’ experience in performing transcatheter 
procedures, as well as the financial aspect, referring to the 
ability of each country’s national insurance system to cover 
the expenses.  

TAVR has been studied in randomised controlled trials 
(RCTs), as well as in numerous observational studies and 
multicentre registries that include large numbers of 
high-risk patients with severe symptomatic AS. The aim of 
this review is to analyse and compare the results of the pub-
lished RCTs referring to transfemoral TAVR vs. SAVR and 
try to draw conclusions regarding the optimal choice of 
treatment for patients with severe symptomatic AS.  

2  Overview  

Current indications and recommendations for TAVR in 
high surgical risk patients are essentially based on the fol-
lowing RCTs; the PARTNER cohort B[1] (2010), PART-
NER cohort A[3] (2011), US Corevalve High Risk[7] (2014), 
PARTNER 2A[8] (2016) and SURTAVR[9] (2017). The ex-
tension of the indication for TAVR in the intermediate sur-
gical risk patients as published in the latest ACC/AHA up-
date for valvular heart disease was based on the results of 
the PARTNER 2A trial and the single arms (High and In-
termediate Risk) study SAPIEN 3.[10,11] 
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Most of our knowledge on TAVR is based on an exten-
sive experience acquired with two devices, Edwards pros-
thesis (Edwards Lifesciences, Irvine, CA, USA) and the 
Medtronic CoreValve (Medtronic, Minneapolis, MN, USA). 
The “Placement of Aortic Transcatheter Valve (PART-
NER)” trials used the balloon-expandable Edwards prosthe-
sis (SAPIEN in PARTNER cohort A and B, SAPIEN XT in 
PARTNER 2A and SAPIEN 3 in SAPIEN 3 trial), while the 
Corevalve high risk trial used the self-expanding Medtronic 
Corevalve. The majority (84%) of patients in the SURTAVI 
trial received the Medtronic Corevalve while the remaining 
(16%) patients were treated with the new generation Evolut 
R transcatheter aortic valve (Figure 1). 

In all the aforementioned trials, surgical risk was estimated 
using a risk model developed by the Society of Thoracic 
Surgeons (STS score), which uses an algorithm based on the 
presence of coexisting illnesses in order to estimate the 30-day 
operative mortality, and in contrast to previous non rando-
mised trials in which the Logistic EuroSCORE was used.  

In PARTNER cohort A, patients were deemed to be at 
high risk for operative complications or death on the basis 
of coexisting conditions that were associated with an esti-
mated risk of postoperative 30-day mortality of at least 15%. 
PARTNER cohort B included inoperable patients with an 
estimated risk of 30-day morbidity and mortality > 50%. The 
final determination of high operative risk in both arms was 
made by the heart team at each study centre, using as a guide-
line a score of at least 10% on the STS risk model. 

The US Corevalve High Risk trial included patients that 
were considered to be at increased surgical risk by the heart 
team with an estimated risk of 30-day mortality of 15% or 
more and risk of death or serious complications within 30 
days after surgery of less than 50%. Surgical risk assess-
ment included consideration of the STS score and other 
factors not included in the STS assessment. This score pro-
vides an estimate of the rate of death at 30 days among pa-
tients undergoing surgical aortic-valve replacement on the  
basis of a number of demographic and procedural variables. 

 

Figure 1.  SAPIEN, SAPIEN XT, SAPIEN 3 valves (Edwards Lifesciences, A) and Corevalve, Evolut R valves (Medtronic, B). 
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PARTNER 2A trial included patients with intermediate 
surgical risk. In this trial, the guideline was a STS risk score 
of at least 4.0%; the upper limit applied by the case review 
committee was 8.0%. The same risk model was applied in 
the SAPIEN 3 trial. Finally, SURTAVR trial included pa-
tients with symptomatic, severe AS determined by the local 
multidisciplinary heart team to be at intermediate surgical 
risk, which was defined as an estimated risk of 30-day mor-
tality of 3% to 15%, according to the STS, as well as 
non-traditional factors (coexisting illnesses, frailty, and dis-
ability).  

3  Results  

Table 1 summarizes published data from the RCTs con-
ducted so far regarding surgical risk estimation and mortal-
ity rates. Table 2 shows the reduction of the length of hos-
pital stay and the improvement in the survival rates in pa-
tient after TAVR and SAVR over the years. As mentioned 
before, surgical risk was estimated using the STS score. 
There is a significant correlation between observed and es-
timated surgical mortality, as calculated with STS score,  

which underlines the significance of this statistical tool to 
account for the impact of patients’ risk factors on operative 
mortality and morbidity. On the other side, logistic Euro- 
Score, which was used in addition to STS score in patients 
included in the US Corevalve High Risk and SAPIEN 3 
intermediate risk showed significant deviation from the ob-
served mortality. In particular, the logistic EuroSCORE in 
US Corevalve High Risk trial was 17.5% ± 13.1% in the 
TAVR arm and 18.6% ± 13% in the SAVR arm. In the sin-
gle arm SAPIEN 3 trial, the logistic EuroSCORE was 
13.2% ± 5.1%. 

In the landmark PARTNER cohort B trial, the survival 
benefit from TAVR in patients unsuitable for surgical 
treatment was remarkable with a mortality reduction up to 
50% during the follow up period. Despite the initial proce-
dure-related mortality, TAVR significantly improved sur-
vival with just six patients needed to treat (NNT) to have 
one more alive at one year, five patients to treat to have one 
more alive at two years and only four to treat to have one 
more alive at three years.  

PARTNER cohort A trial randomized high-risk patients  

Table 1.  Published data from the RCTs conducted so far regarding surgical risk estimation and mortality rates.  

 Study Arm N STS score 
Total LOS, 

days 

30 day  

mortality 

1 yr  

mortality 

2 yrs  

mortality 

3 yrs  

mortality 

5 yrs  

mortality 

TF 179 12.2 ± 5.4 10.1 ± 10.1 5.0% 35.2% 45.8% 54.1% 71.8% 
PARTNER B 

Medical 179 11.4 ± 6 - 2.8% 51.3% 68% 80.9% 93.6% 

TF 244 11.8 ± 3.3 10.2 ± 11.1 3.3% 21.4% 30.7% 39.3% 68% 
PARTNER A 

SAVR 248 11.7 ± 3.5 16.4 ± 13.9 6.2% 25.2% 31.6% 40.7% 62% 

TF 390 7.3 ± 3 8.1 ± 6.9 3.3% 14.1% 21.9% 35% - 
US CV HR 

SAVR 357 7.5 ± 3.4 12.5 ± 10.6 4.5% 18.9% 29% 41.6% - 

TF 775 5.8 ± 2.1 6.4 ± 5.5 4.5% 11.7% 16.3% - - 
PARTNER 2A 

SAVR 775 5.8 ± 1.9  10.9 ± 7.6 7.5% 15.8% 20% - - 

SAPIEN 3 IR TF 947 of 1077 5.2 ± 1.3 NA 1.1% 7.4% - - - 

TF 864 4.4 ± 1.5 5.8 ± 4.9 2.2% 8.1% 12.6% - - 
SURTAVR 

SAVR 796 4.5 ± 1.6 9.8 ± 8 1.7% 8.8% 14% - - 

Data are presented as mean ± SD unless other indicated. LOS: length of stay; NA: not available; RCT: randomised controlled trials; SAVR: surgical aortic 

valve replacement; STS: Society of Thoracic Surgeons; TAVR: transcatheter aortic valve replacement; TF: trans-femoral TAVR. 

Table 2.  Length of hospital stay and mortality rates of TAVR and SAVR over the years based on published data from trials.  

  2010 (PARTNER B) 2011 (PARTNER A) 2014 (US CV HR) 2016 (PARTNER 2) 2017 (SURTAVR) 

TF 10.1 ± 10.1 10.2 ± 11.1 8.1 ± 6.9 6.4 ± 5.5 5.8 ± 4.9 
LOS, days 

Medical NA 16.4 ± 13.9 12.5 ± 10.6 10.9 ± 7.6 9.8 ± 8 

TF 5.0% 3.3% 3.3% 4.5% 2.2% 
30-day mortality 

SAVR 2.8% 6.2% 4.5% 7.5% 1.7% 

TF 35.2% 21.4% 14.1% 11.7% 8.1% 
1-year mortality 

SAVR 51.3% 25.2% 18.9% 15.8% 8.8% 

Data are presented as mean ± SD unless other indicated. IQR: interquartile range; LOS: length of stay; RCT: randomised controlled trials; SAVR: surgical 

aortic valve replacement; TAVR: transcatheter aortic valve replacement; TF: trans-femoral TAVR. 
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with severe aortic stenosis to SAVR or TAVR. As seen in 
Table 1, STS scores in cohort A and B were comparable 
(mean STS score 11%12%), while no significant differ-
ence was seen in terms of hospital stay between the two 
arms of cohort A trial (mean about 10 days). The signifi-
cantly lower 30-day mortality in the TAVR arm can be as-
sociated with the less invasive nature of the method. At five 
years, however, rates of death from any cause were similar 
between the two groups. The comparable mortality rates 
across all time points could be related with the poor baseline 
status of the patients enrolled.  

On the contrary, US Corevalve High Risk trial included 
high risk patients but with a significantly lower STS score 
(mean: 7%8%) and shorter in hospital stay for both the 
TAVR arm (about eight days) and the SAVR arm (about 12 
days compared to about 16 days in PARTNER cohort A 
trial). The superior survival rate seen at 30 days for TAVR 
vs. SAVR was maintained at all time points until today 
(three years of follow up). In this trial, the number of pa-
tients need to be treated with TAVR vs. SAVR, in order to 
have one more survivor (NNT) in years two and three was 14.  

A subgroup analysis of US Corevalve High Risk trial 
which included 383 patients with calculated STS score < 
7% (intermediate risk patients) showed better two years’ 
survival in patients treated with TAVR compared to those 
treated with SAVR and with a lower NNT of 9 (Figure 2).  

PARTNER 2A trial included intermediate risk patients 
with a mean STS score of 5%6%, 2% lower compared to 
that of patients in the US Corevalve High Risk trial. The 
interquartile range showed that 25% of these patients had 
STS score < 4.4%, meaning that a great amount of these 
patients were between 3% and 4%. This was a non-in-
feriority trial which showed significant improvement in 
survival in the TAVR arm. In this trial, the number of 

 

Figure 2.  Kaplan–Meyer mortality curves in US Corevalve 
High Risk with STS score < 7%. STS: Society of Thoracic Surgeons. 

patients requiring treatment in order to have one more sur-
vivor free of cerebrovascular events (NNT) was 25 in the 
second and third year. The total length of stay in PARTNER 
2A was lower compared to all other trials (mean of 6 days 
for TAVR vs. mean of 9 days for SAVR) confirming that 
the patients included were of lower surgical risk.  

The most reassuring results were those of SAPIEN 3 
study which included intermediate surgical risk patients as 
in PARTNER 2A. Patients in SAPIEN 3 study had the low-
est length of stay (average of four days) and the lowest 30 
days mortality seen so far (1.1%). One year mortality was 
also very low (7.4%), almost 50% lower than in the surgical 
cohort of PARTNER 2A trial. 

In March 2017, Medtronic unveiled the first-ever clinical 
data from the Surgical Replacement and Transcatheter Aor-
tic Valve Implantation (SURTAVR) trial, which were pre-
sented at the ACC 66th Annual Scientific Session.[9] The 
SURTAVR trial enrolled intermediate risk patients with 
mean STS score of only 4.4% and compared TAVR patients 
to SAVR patients. Total length of stay however was not 
lower compared to that of high surgical risk patients in-
cluded in PARTNER 2A trial and SAPIEN 3IR study. This 
could be related with the increased need of permanent 
pacemaker implantation following the implantation self- 
expanded transcatheter aortic valve. Rates of all-cause mor-
tality for TAVR at two years, even though in absolute num-
bers were, the best ever seen, no statistical significance was 
however documented.  

To summarize, TAVR seems to be a viable method for 
high risk patients (STS > 8%–10%). Thirty days and short 
term mortality rates, as well as length of hospital stay in 
patients treated with TAVR are significantly lower com-
pared to the SAVR cohort. Long term survival benefit 
however is rather low and difficult to estimate mainly due to 
the poor performance status of these patients. On the other 
hand, intermediate surgical risk patients seem to benefit 
more for the transcatheter method with data showing clini-
cal superiority of TAVR in terms of long term survival and 
in hospital stay.  

4  Cost effectiveness  

In general terms, cost effectiveness of an applied therapy 
compared to another depends on two factors: (1) the total 
cost difference between the two therapies, referring not only 
to the cost directly related to therapy application but also to 
the lifetime cost and; (2) the effectiveness of each therapy 
on patients. Based on the observed data form the PART-
NER cohort B trial,[12] we project that TAVR will increase 
life expectancy by about 1.6 years compared to standard 
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medical care with an estimated cost of $50,200 per life-year 
gained. The main element in this analysis is the significantly 
increased cost of TAVR compared to standard medical 
treatment, which is somehow supplanted by the clinical 
efficacy of TAVR.  

In PARTNER cohort A trial,[13] the authors made an at-
tempt to directly evaluate the incremental cost-effectiveness 
ratio of TAVR relative to aortic valve replacement (AVR) 
among patients who are acceptable candidates for high-risk 
SAVR. In the mathematic model, the 12-month cost in 
TAVR was calculated $1,250 lower compared to SAVR, 
while the cost for quality adjusted life year (QALY) was 
less than $50,000 in 70.9% of cases and became negative in 
60% of the simulations (net benefit for TAVR). This result 
reflects the unbearable cost of classic surgical treatment of 
the very high risk patients included in the study.  

In US Corevalve High Risk trial,[14] the cost of SAVR in 
patients at intermediate surgical risk was as expected lower 
and life time cost projection was $17,849 in favor of SAVR. 
Therefore, despite the clinical superiority of TAVR, the cost 
for TAVR vs. SAVR was $55,090 per QALY gained, which 
is similar to the one calculated for TAVR vs. medical treat-
ment in PARTNER cohort B trial.  

To date, there is no available data regarding cost effec-
tiveness for PARTNER 2A and SAPIEN 3 Intermediate 
Risk trials. Based on published data from previous trials 
investigators estimate that the results for PARTNER 2A 
will be similar to US Corevalve High Risk. The outstanding 
clinical results of SAPIEN 3 Intermediate Risk are expected 
to have a positive impact on cost effectiveness of TAVR.  

In conclusion, and in accordance with the documented 
clinical efficacy of TAVR, the aforementioned cost effec-
tiveness analysis is in favor of the transcatheter method 
mainly in high surgical risk patients, who remain however 
eligible for surgery.  

5  Future challenges  

The long-term durability of TAVR valves remains a 
question, especially now that the application of the method 
has expanded to lower risk and younger patients. Multiple 
studies with prosthetic surgical valves have shown that 
structural valve deterioration (SVD) in these valves fluctu-
ates between 10% and 20% in a 10 years’ period.[15] SVD is 
defined as the deterioration of patient’s functional status due 
to valve’s malfunction, which could cause stenosis and/or 
regurgitation.  

A study of Toggweiler, et al.[16] demonstrated favourable 
outcomes five years after successful TAVI with excellent 
hemodynamics and signs of moderate prosthetic valve fail-

ure observed in only 3.4% of patients. No patient developed 
severe valvular regurgitation or stenosis. 

A more recent study of Dvir, et al.,[17] which was pre-
sented in the EuroPCR meeting in May 2016, showed that 
in a total of 378 patients, who had undergone a TAVR with 
a previous generation SAPIEN valve, the observed valve’s 
degeneration was 10% in six years (a further increase up to 
30% was noticed in patients with chronic renal failure). In 
this case, study valve’s degeneration had a different definition, 
that of at least moderate regurgitation and/or mean transaor-
tic gradient > 20 mmHg, which was not evident one-month 
post procedure and was not due to infective endocarditis.  

As a conclusion and based on the published data, it is 
safe to say that eight years is an acceptable time frame for 
good valve performance. Therefore, it is justified to use 
these valves in patients with an estimated life expectancy of 
at least eight years or in patients that have exceeded it (es-
timated life expectancy in Greek population for 2015; 81 
years for women and 78.3 years for men). When it comes to 
younger patients, due to remaining high incidence of para-
valvurar regurgitation after TAVR (despite the reassuring 
results with the new generation valves), TAVR shouldn’t be 
recommended.  

6  Conclusions 

Whether TAVI will become the standard treatment of 
care over the next years is uncertain but possible. Despite 
the outstanding results and the increasing frequency of 
TAVR the number of SAVR performed remains grossly 
unchanged. The reassuring results of PARTNER 2A and 
SURTAVI studies that were recently published, confirm the 
clinical superiority of transfemoral TAVR in intermediate 
surgical risk patients, is expected to change clinical practice 
and expand the method in this group of patients, in which 
SAVR is the gold standard of therapy. Until then, long term 
durability of TAVR valves as well as lower rates of para-
valvular leak, stroke and permanent pacemaker implantation 
needs to be established. 
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