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40.1 Introduction

Transcatheter aortic valve implantation (TAVI),
also called transcatheter aortic valve replacement
(TAVR), is first-line therapy for patients with
severe symptomatic aortic stenosis (AS) and a
prohibitive risk for standard surgical aortic valve
replacement (SAVR) [1]. Accumulating clinical
experience of TAVR operators and technological
advances in transcatheter valve systems have led
to a massive expansion of TAVR interventions
worldwide. TAVR is now available in more than
65 countries around the world with over 250,000
procedures performed to date. As a result, there is
now an interest to expand TAVR indications to
patients at lower surgical risk such as those at
intermediate or low risk. At present, SAVR
remains the gold standard treatment for aortic
stenosis patients at low or intermediate surgical
risk; however recent evidence from observational
studies and randomized trials are shifting this
treatment paradigm from surgery closer to TAVR.
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40.2 Defining Risk for Patients
with Aortic Stenosis

Aortic stenosis (AS) is now the most common
indication for valve replacement in Europe and
North America, with an ever-increasing disease
prevalence due to the aging population. Decision
making in valvular heart disease necessitates a
careful evaluation of the risk-to-benefit ratio, con-
sidering both the results of intervention and the
severity-adjusted risk of adverse outcomes with-
out intervention. Appropriate risk stratification is
therefore crucial to select the optimal treatment
strategy for patients with symptomatic severe
AS. Factors associated with adverse clinical out-
comes include poor functional capacity, advanced
age, and concomitant coronary disease [2].
Evaluation of risk in AS is often focused on
risk of surgical intervention or operative mortal-
ity. There are numerous clinical factors that are
associated with increased operative risk includ-
ing the need for emergency intervention, left ven-
tricular dysfunction, pulmonary hypertension,
advanced age, previous cardiac surgery, and
comorbidities such as renal insufficiency and
severe chronic obstructive pulmonary disease
(COPD). To facilitate risk evaluation, multivari-
ate risk scores have become commonplace to
stratify patients into risk categories. The most
commonly used scores include the Society for
Thoracic Surgeons score (STS score) which
calculates the predicted risk of mortality (STS-
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Table 40.1 Definition of operative risk

Low risk Intermediate risk
No frailty

No comorbidities

Clinical
characteristics

STS-PROM <4%
EuroSCORE II  <10%

4-8%
10-20%

PROM) and the EuroSCORE. Both scores utilize
a numeric scoring system based on clinical
parameters to calculate risk using an algorithmic
risk model. It should be noted that surgical risk
scores share several limitations by insufficiently
considering multiple factors that may increase
the risk related to surgery; patient frailty, cogni-
tive impairment, the risk of delirium, anatomical
characteristics such as a porcelain aorta, and
social support post-discharge are some of the fac-
tors that are not evaluated in the traditional risk
scores. Finally, they do not take into account the
local surgical results in a given institution, which
may potentially have a lower operative risk.
Definition of risk categories in aortic stenosis
has been driven by randomized control trials of
TAVR which have created four risk groups: low,
intermediate, high, and prohibitive risk as shown
in Table 40.1. The first three groups are defined
by the STS-PROM score as follows: low risk
[<4%], intermediate risk [4-8%], or high risk
[>8%]. Prohibitive risk is defined as risk of mor-
tality and morbidity at 1 year >50%, compromise
of >3 major organ systems, severe frailty, or
severe procedure-specific impediments [3].
There is consensus, according to North
American and European guidelines, that TAVR is
a class TA recommendation for inoperable or
prohibitive-risk patients with severe symptomatic
AS but a life expectancy of at least 12 months [1,
4]. TAVR is an acceptable treatment option (class
IA) in those patients with a high operative risk
provided a multidisciplinary heart team has con-
firmed the TAVI indication, and there is a suffi-
cient life expectancy. As of this writing, TAVR is

No more than mild frailty
Or 1 major organ system
compromise not to be
improved postoperatively

Prohibitive risk

Severe frailty

Or >3 major organ
system compromises
not to be improved
postoperatively
PROM >50% at 1 year

High risk
Moderate-severe frailty
or >2 major organ system
compromises not to be
improved postoperatively

>8%
>20%

also now deemed a reasonable alternative (class
IIA) to SAVR in symptomatic AS patients at
intermediate surgical risk [1].

Despite what has been published in the litera-
ture, the spectrum of patients with symptomatic
severe aortic stenosis who require aortic valve
replacement is much larger than that of patients
previously studied in TAVI trials [5-9]. In fact,
the high-risk population studied in the TAVI trials
represents a small percentage of the total patient
population needing aortic valve replacement. The
Society of Thoracic Surgeons database of aortic
valve disease cases during 2002-2010
(N = 141,905) shows that just 6.2% were ranked
as high risk, whereas most patients (79.9%) were
low risk, and 13.9% were intermediate risk [10].
In light of this distribution of patients and the
focus on expanding indications for TAVR, there
is increased interest to push the boundaries of the
technology into the lower-risk cohorts.

40.3 Comparison of TAVR to SAVR
in Intermediate-Risk

Patients: Clinical Evidence

TAVR is established therapy for symptomatic
severe AS in both inoperable/prohibitive-risk and
high-risk patients. The journey to establishing an
indication in intermediate risk began with data
from cohort studies and prospective matched
studies (see Table 40.2) finally culminating in
data from prospective randomized trials of both
balloon expandable and self-expandable trans-
catheter heart valves.
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Table 40.2 Cohort studies (propensity match analysis) of TAVR vs. SAVR in intermediate-risk patients

30-day Vascular Permanent
Reference # patients Mean risk score mortality (%) complications (%) pacemaker (%)
Latib et al. 222 4.6 (STS) 1.8 vs. 1.8 33.3vs.0.9 (p<0.001) 11.7 vs.2.7 (p =0.009)
(p=NS)
Fraccaro 830 9.9 (EuroSCORE) 2.7 vs. 3.6 6.0 vs. 0.5 (p <0.0001) 13.4vs.3.7
et al. (p =NS) (p <0.0001)
Schymik 432 8.7 (EuroSCORE) 1.4vs.42 10.6 vs. 0.0 (p < 0.001) 13.9 vs. 4.6
et al. (p =NS) (p <0.0001)
Piazzaetal. 510 17.4 (EuroSCORE) 7.8 vs. 7.1 & &
(p=NS)
Thourani 2021 5.3 (STS) 1.1vs. 4 6.1 vs. 5.4 10.2 vs. 7.3
et al.

*Not reported

40.4 Prospective Nonrandomized
Cohort Studies

Early insights into outcomes of TAVR in
intermediate-risk patients were published in
2012 in a small propensity matched study of
patients undergoing TAVR using either the
Edwards SAPIEN XT or Medtronic CoreValve
device. Latib et al. compared clinical outcomes
of transfemoral TAVR vs. SAVR in 111 patients,
propensity matched for clinical characteristics
and risk scores, with a mean STS score of
4.6 = 2.3 (TAVR) vs. 4.6 = 2.6 (SAVR). There
were no significant differences in all-cause mor-
tality at 1 year (6.4% for TF-TAVR and 8.1% for
SAVR; p = 1.0). Transfemoral TAVI was associ-
ated with a higher rate of vascular complications
(33.3% vs. 0.9%, p < 0.001) and permanent pace-
maker (11.7% vs. 2.7%, p = 0.009), while acute
kidney injury was more frequent in the SAVR
group (26.1% vs. 8.1%, p <0.001) [11].
Additional prospective cohort data was avail-
able from the single-nation, multicenter cohort of
patients treated with either SAVR or TAVR in
Italy. The OBservational Study of Effectiveness
of SAVR-TAVR procedures for severe Aortic ste-
Nosis Treatment (OBSERVANT) study enrolled
7618 consecutive patients with symptomatic
severe AS who underwent SAVR or TAVI from
December 2010 to June 2012 in 93 Italian partici-
pating hospitals. After excluding those patients

felt to be inoperable or higher risk, due to
concomitant coronary artery bypass, patients that
underwent TAVR and SAVR were propensity
matched. The authors found no significant differ-
ence in early mortality or myocardial infarction
between TAVI and SAVR with a 30-day death of
3.6% for SAVR and 2.7% for TAVR (p = 0.4328).
The incidence of stroke (3.0% SAVR and 0.0%
TAVR; p = 0.0455) was slightly higher in those
undergoing SAVR. There were higher rates of
acute renal failure (9.6% vs. 3.6%, p =0.001) and
blood transfusions in the SAVR cohort (63.2% vs.
34.5%; p <0.001). TAVR was however associated
with increased vascular complications (6.0% vs.
0.5%; p < 0.0001) and new permanent pacemaker
implantation (13.4% vs. 3.7%; p < 0.0001) [12].
More recent comparisons of intermediate-risk
patients have compared newer-generation trans-
catheter valves with surgical aortic valve replace-
ment. The propensity matched study of Thourani
et al. compared intermediate-risk TAVR patients
from the PARTNER 2 SAPIEN 3 observational
study [13] with intermediate-risk SAVR patients
from the PARTNER 2A randomized study using a
pre-specified propensity score analysis to account
for between-trial differences in baseline character-
istics [14]. The primary endpoint for the propensity
score analysis was the 1-year nonhierarchical com-
posite event of death from any cause, all strokes,
and posttreatment aortic regurgitation. The mean
age was 81 years, and 88% underwent transfemoral
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TAVR with a mean STS score of 5.3%. Compared
with previously published data, the use of the
SAPIEN 3 was associated with lower rates of all-
cause mortality of 1.1%, disabling stroke of 1.0%,
moderate or severe PVL of 4.2%, major vascular
complications of 6.1%, life-threatening bleeding of
4.6%, and new permanent pacemaker implantation
of 10%. Furthermore, the authors found a signifi-
cant superiority of TAVR for the composite end-
point of mortality, strokes, and moderate or severe
aortic regurgitation (weighted difference of propor-
tions —9.2%, 95% CI —13.0 to —5.4; p < 0.0001) to
surgical valve replacement.

40.5 Randomized Controlled
Trial Data

To date, there have been three randomized con-
trolled trials (RCTs) examining TAVR in interme-
diate surgical risk patients as shown in Table 40.3.

The Nordic Aortic Valve Intervention
(NOTION) trial, a multicenter all-comers study,
compared TAVR using a self-expanding prosthe-
sis with SAVR in low- to intermediate-risk
patients with severe aortic valve stenosis. A total
of 280 patients were included, to be followed up
for 5 years. Patients’ clinical risk was estimated
using both the Society of STS-PROM and
EuroSCORE T and II. Around 80% of partici-
pants were considered low-risk patients. In the
intention-to-treat analysis, no differences were
found in the primary endpoint, a composite of
death from any cause, stroke, or myocardial
infarction (MI) at 1 year (13.1% for TAVI vs.
16.3% for SAVR; p = 0.43) [15].

In the prospective, randomized, non-inferiority
PARTNER 2A trial, TAVR with the balloon-
expandable SAPIEN XT valve (Edwards
Lifesciences, USA) was compared with SAVR in
2032 patients with severe AS deemed to be at

intermediate surgical risk, defined by a STS score
of 4-8% (mean 5.8%). The primary endpoint, a
composite of death from any cause or disabling
stroke at 2-year follow-up, was similar between
the TAVR and SAVR groups (P = 0.001 for meet-
ing the non-inferiority criteria), and the 2-year
survival curve event rates were not significantly
different in the TAVR and SAVR cohorts (16.7%
and 18.0%, respectively). Interestingly, among
the 76% of patients who underwent TAVR with
the use of TF access, all-cause death and dis-
abling stroke rates were 21% lower (P = 0.05)
than in the SAVR group. Moreover, the improve-
ments in aortic valve areas and gradients at all
time points after the procedure were significantly
better with TAVR than with SAVR. Conversely, a
higher rate of mild or worse paravalvular leaks
was observed in the TAVR group [8].

Finally, in the prospective randomized non-
inferiority SURTAVI trial of the Medtronic
CoreValve, 1746 patients at intermediate surgical
risk (mean STS 4.5%) were enrolled to evaluate
the safety and efficacy of the self-expanding bio-
prosthesis CoreValve or Evolut R (Medtronic,
USA) versus SAVR. At 2 years, the incidence of
all-cause death or disabling stroke (the primary
endpoint) was similar in the TAVR and SAVR
groups, as assessed with a Bayesian analytical
approach (12.6% and 14.0%, respectively).
TAVR patients had lower mean transaortic gradi-
ents and larger aortic valve areas than patients
who underwent SAVR, whereas TAVR was asso-
ciated with a 26% rate of permanent pacemaker
implantation and higher rates of moderate or
severe residual paravalvular AR [9].

Taken together, these randomized trials with a
non-inferiority design strongly support the safety
and efficacy of TAVR for patients with severe AS
whose operative risk of death is intermediate and
have thus resulted in an updated indication of
IIA [1].

Table 40.3 Randomized control trial data of TAVR vs. SAVR in intermediate-risk patients

Mean risk 30-day
Reference # patients  score mortality (%)
PARTNER 2032 5.8 (STS) 39vs. 4.1
2A (p=0.78)
SURTAVI 1746 4.5 (STS) 22vs. 1.7

Permanent
pacemaker (%)
8.5vs. 6.9 (p=0.17)

Vascular
complications (%)
7.9 vs. 5.0 (p = 0.008)

6vs. 1.1 25.9 vs. 6.6
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40.6 Meta-Analysis of Current Data

A meta-analysis by Singh et al. evaluated the
results of aortic valve replacement in 2375 and
2377 intermediate-risk patients undergoing
TAVI and SAVR, respectively. This analysis
found similar 30-day all-cause mortality
(p = 0.07), 30-day cardiac mortality (p = 0.53),
and 12-month all-cause mortality (p = 0.34)
between the two groups. However, TAVR via
transfemoral access had a significantly lower
mortality than SAVR (OR 0.58, p = 0.006). The
incidence of moderate or greater aortic insuffi-
ciency (p < 0.00001) and new permanent pace-
maker implantation (p < 0.0001) was higher in
the TAVR group [16].

In the largest meta-analysis to date of patients
with severe aortic stenosis, Gargiulo et al. com-
pared mortality after TAVR or SAVR in 16,638
patients. Overall, there was no statistically sig-
nificant difference between TAVI and SAVR in
early (odds ratio [OR], 1.01 [95% CI, 0.81-1.26])
or midterm (OR, 0.96 [CI, 0.81-1.14]) all-cause
mortality; however the analysis combined
patients at all risk levels from prohibitive to inter-
mediate risk. Analysis of the patient subgroup of
low to intermediate risk showed statistically non-
significant reductions in early (OR, 0.67 [CI,
0.42-1.07]) and midterm (OR, 0.91 [CI, 0.67—
1.23]) mortality with TAVI. TAVR was associ-
ated with significant reductions in rates of major
bleeding, acute kidney injury, and new-onset
atrial fibrillation however was also associated
with an increased need for permanent pacemaker
implantation, vascular complications, and para-
valvular leak which were significantly lower in
the SAVR group. Interestingly, a significant long-
term mortality benefit was found for TAVR in
randomized trials within the transfemoral sub-
group, p = 0.001 [17].

40.7 Remaining Questions

TAVR is the standard of care for high-risk or inop-
erable patients with symptomatic severe aortic
stenosis and is now recommended in intermediate-
risk patients as well. As indications widen to the

lower-risk populations, remaining questions
become ever more important to clarify.

Vascular complications, once the Achilles heel
of the technology, are steadily decreasing with
advances in transcatheter valve technology. They
are however associated with significant morbidity
and mortality as well as increased cost [18, 19].
The increased rates of new permanent pacemak-
ers with TAVR vary according to the technology
used but are a source of increased healthcare costs
and clinical concern. Recent published work sug-
gests that new pacemakers, although not associ-
ated with increased mortality do have an impact
on increased incidence of heart failure hospital-
izations and lack of improvement in left ventricu-
lar function post-intervention. Chanandi et al.
performed a retrospective multicenter study to
evaluate the incidence and outcomes of new per-
manent pacemaker implantation. In a population
of over 1600 patients, approximately 20%
required a new pacemaker within 30 days and up
to 86% of these patients did require pacing. At
follow-up, patients with new pacemaker had
higher rates of rehospitalization due to heart fail-
ure (22.4% vs. 16.1%; adjusted HR 1.42; 95% CI
1.06-1.89; p 1/4 0.019) and the combined end-
point of mortality or heart failure rehospitaliza-
tion (59.6% vs. 51.9%; adjusted HR 1.25; 95% CI
1.05 to 1.48; p 1/4 0.011). In addition, new pace-
maker was associated with lesser improvement in
LVEF over time (p 1/4 0.051 for changes in LVEF
between groups), particularly in patients with
reduced LVEF before TAVR (p 1/4 0.005 for
changes in LVEF between groups) [20]. Further
work will be required to determine whether in
those patients that become pacemaker dependent
if cardiac resynchronization therapy would be of
potential benefit to reduce the incidence of heart
failure.

The durability of transcatheter heart valves
remains a question as experience is limited to the
past 5-7 years. Issues regarding structural valve
deterioration of both transcatheter and surgical
valves are under scrutiny, and new definitions
promise to create a more standardized approach
to evaluation and follow-up [21]. It remains an
important issue that will require rigorous follow-
up however in the years to come.
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40.8 Conclusions

Transcatheter aortic valve replacement has
changed the treatment of aortic stenosis in those
at high surgical risk, providing a less invasive
treatment option with superior results. For those
patients at intermediate surgical risk, TAVR is
also now a non-inferior option. The pendulum is
now swinging in the direction of the low-risk
patient, and we anxiously await data in this popu-
lation to fully comprehend the potential of this
technology. Questions remain, and we must be
vigilant to answer them in order to provide the
best possible care for our patients.
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