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Abstract
Transcatheter Aortic Valve Replacement is a decade-old approach for replacing stenotic aortic valves in high-risk patients. Since the PARTNER trial, further
advances and improvements in technology and technique have occurred. The evaluation and advantages are well-known among cardiovascular physicians, but are not
as well-understood among internists and community physicians. The following review serves as a summary for the key points for physicians practicing community
medicine.

Introduction
Transcatheter Aortic Valve Replacement (TAVR) is a novel
approach for replacing the aortic valve in patients that are deemed
high-risk for surgical aortic valve replacement. In November 2011,
the FDA approved the use of the TAVR valve via the trans-femoral
installation approach for patients that were considered inoperable [1].
In October 2012, the pool of patients increased to allow those deemed
high-risk for surgical intervention. Currently, TAVR is offered to those
that are high-risk for conventional aortic valve replacement or those
who have been evaluated independently by two surgeons as inoperable [2].
TAVR patients are typically those that are deemed inoperable or too
high-risk for traditional aortic valve replacement surgery. However,
with recent advances, operative mortality and complication rates
have diminished. Thirty-day mortality after TAVR has decreased to
4.5%. The combined rate of death, vascular complications, myocardial
infarction, and stroke was 9% [3]. Ischemic strokes, the main postprocedural complication, have now decreased to a 1.5-2.4% rate [3,4].

Benefits of TAVR
The promising benefits of TAVR have been recognized since the
completion of the PARTNER trial [4]. Patients may still refuse surgical
or catheter intervention due to personal reasons. Autonomy must be
upheld in medical practice along with beneficence. One-year survival
for patients with untreated severe aortic stenosis is 69%, compared to
94% with operated individuals [5]. Patients should still be referred to
cardiologists to perform other interventions or even medical therapy.
Beta-blocker and statin usage prolong the rate of mortality (relative
risk 0.52 for each therapy; p=0.02 for beta-blockers and p=0.05 for
statins) [6]. With the improvement of a 10-french catheter (from
a 14-french), balloon aortic valvulopathy confers promising acute
outcomes. However, long-term outcomes are only favorable if used as
a bridge to surgical or TAVR intervention [7].

Usage of balloon valvuloplasty
Balloon valvuloplasty was introduced in 1985 with the intent to
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replace the need of aortic valve replacement in high-risk patients. The
procedure itself produced useful acute results after operations. In a 20022005 study with 141 patients, 6 patients (4%) died and 9 patients (6%)
suffered acute post-operative complications including strokes (2), nonsurgical vascular complications (8), and 3rd degree heart block (5) [8].
Today, with a smaller 10-french catheter, post-operative complications
have decreased. This improved technique makes it feasible for highrisk patients to acquire balloon valvuloplasty as a means of bridging to
surgical aortic valve replacement or TAVR. Patients that benefit from
this bridge approach include those with chronic obstructive pulmonary
disease and chronic kidney disease; the mean logistic euroSCORE is
28.7 (p<0.5). One study showed that at 20 months, 26.3% of patients
are successfully bridged to surgical or TAVR therapy. 5-year mortality
rate was 22% for the bridge-to-TAVR group, which was significant
compared to the 3.3% seen in the medically-managed group (including
those that acquired balloon aortic valvuloplasty alone) [7].
Balloon aortic valvuloplasty can serve as acute palliative treatment
for when surgery and TAVR are contraindicated [9]. This can improve
aortic stenosis symptoms while assessment and discussion occurs as
to whether TAVR will deliver a benefit for the patient. Valvuloplasty
may also help in the decision process by assessing improvement in
left-ventricular ejection fraction, pulmonary hypertension, and mitral
regurgitation; this can discern whether the patient would benefit from
either TAVR or palliative care.

Evaluation for TAVR
When aortic stenosis is suspected and diagnosed, the next step is to
determine the best therapeutic intervention for the patient. According
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to the 2014 guidelines for aortic stenosis, severe symptomatic aortic
valve replacement requires immediate intervention. In asymptomatic
cases, qualification via stress testing and imaging is mandated [10].
Stress testing helps quantify the severity of aortic stenosis and can
aid in determining the probable outcomes after replacement. The
dobutamine stress test with echocardiography has shown reliability
in calculating the outcomes of patients prior to intervention. Most
patients that have severe aortic stenosis present New York Heart
Association Class III/VI heart failure and have low left-ventricular
ejection fraction. Determining the cardiac reserve of the patient
with the dobutamine stress test can confer a prediction as to whether
mortality during aortic valve replacement will be significant [11-13].
Cardiac reserve is suggested with a >20% ejection fraction increase after
dobutamine infusion. Patients that present with cardiac reserve have
a 5% perioperative mortality, as opposed to 22-32% in those lacking
of cardiac reserve [12,14]. Nevertheless, 5-year survival is significantly
higher in patients that received aortic valve replacement despite a low
cardiac reserve compared to those that were managed medically (54%
vs 13%, p=0.001) [14].
Other diagnostic tests can also aid in determining the prognosis
of patients with severe aortic stenosis. During exercise stress testing,
checking Brain-Natriuretic Peptide (BNP) levels also confers a
prognosis in regards to perioperative mortality [15]. Information
presented in an exercise stress test echocardiogram can also effectively
reveal the operative mortality of patients [16]. Options to determine
the outcome of aortic stenosis cases exist, but costs and effectiveness
should be considered when employing tests.
A concern with asymptomatic patients is whether they are truly
asymptomatic. Some patients have been accustomed to the chronic
symptoms of aortic stenosis that they do not realize it is part of the
pathology. Other patients actually become symptomatic after stress
testing [16-18]. A meta-analysis proposes that the prognosis of
severe aortic stenosis can easily be depicted with the use of stress
testing. Symptoms arising during the examination correlate with
severe outcomes if left untreated [19]. Measuring the aortic valve size
for patients with aortic stenosis independently determines survival
and heart failure, even if the patient has a low ejection fraction or
asymptomatic [20]. Therefore, the decision for referral to surgery
should be based on the results of stress testing and imaging rather than
history and clinical presentation.
Patients that typically undergo TAVR include those that have many
comorbidities, including hypertension, diabetes, chronic obstructive
pulmonary disease, and chronic kidney disease in addition to aortic
stenosis-related complications, especially New York Heart Association
Class III/VI heart failure [7]. With frailty being high among these
patients, risk stratification is performed among surgeons in order to
determine the mortality probability. One particular risk calculator
extensively used in the Society of Thoracic Surgeons (STS) Predicted
Risk of Mortality score. However, current risk score calculators prove
suboptimal in predicting severe aortic stenosis and TAVR operations.
In terms of severe aortic stenosis, the STS score is only successful
in predicting the long-term mortality rate of patients after surgical
aortic valve replacement [21]. TAVR predictive mortality with STS
score is much more suboptimal. The calculator underestimates the
mortality risk of patients that undergo the percutaneous aortic valve
implantation [22]. Nevertheless, physicians are highly encouraged to
use the STS risk score calculator for every patient presenting with aortic
stenosis [21,22].
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Advantages of TAVR
Transfermoral TAVR is the first FDA-approved approach for
TAVR. It is the most common route undertaken in order reach the
aortic valve via catheter. Due to recent advances, the approach has
overcome the preclusion presented by certain comorbidities [1].
Furthermore, transfemoral TAVR can be performed under local
anesthesia. Local anesthesia presents with perioperative hemostability
and less length of hospital stay. The method also facilitates recovery in
frail and elderly patients with problems including chronic renal failure
and pulmonary hypertension [23]. With further advances, TAVR will
present with less complications.
Before the introduction of TAVR, high-risk patients were treated
with medical management. Unfortunately, the outcomes of this
treatment were grim. With the introduction of percutaneous aortic
valve implantation, medical; social; and ethical issues are easily handled.
Medical management with the addition of TAVR has drastically
improved outcomes [24-26]. Ethical concerns and interventional
management are performed in a team approach with cardiac
surgeons, interventional cardiologists, cardiac imaging specialists,
anesthesiologists, geriatricians, and specialized nursing staff [27].

Valve-in-Valve approach
Bioprosthetic valves have a life-span average of about 5 years.
Re-intervention is required if the valve degenerates, produces aortic
insufficiency, or has a calcification buildup with resultant bioprosthetic
stenosis. Implanting a valve into a previously implanted bioprosthetic
valve can be performed via TAVI; this is known as the valve-in-valve
approach. Placement of a second or even a third transcatheter valve
is possible, although occurring at a small rate of 1.8% of surgical
interventions [28]. In the PARTNER trial, 7 of 348 (2%) patients
required the valve-in-valve approach due to embolization (2 patients)
and residual aortic regurgitation (5 patients) [29]. Currently, valvein-valve success is 87-96% with TAVR; 30-day mortality is recorded
at 7.8% [30]. With further advances, this procedure can be performed
to prolong the survival of high-risk patients that are deemed high-risk
for a mechanical aortic valve replacement via the traditional surgical
approach [31].

Future directions of TAVR
Long-term durability for TAVR requires further research. The
first TAVR operation was described in 2002 [32]. This limits the
amount of studies that could have been conducted in terms of longterm outcomes. One study using the Italian CoreValve registry found
that 3-year post-operative outcomes did not differ from 1-year postoperative outcomes. Furthermore, aortic insufficiency did not arise in
patients that did not present with in the acute post-operative stage [33].
However, this only slightly reveals the durability of the TAVR valve.
Another concept is the implementation in lower-risk patients.
Patients that undergo the TAVR have a high-risk profile calculated by
the Society of Thoracic Surgery (STS) mortality score calculator. The
population that undergoes TAVR have an STS score of around 14.0 ±
11.8% [34]. However, some of the contributing factors of the high-risk
profile are from the diseased aortic valve itself. Potentially, removing
some of the factors that will quickly be ameliorated with the insertion
of the new valve will lower the true mortality risk of some patients [26].
Nevertheless, investigation is still required in those that are already
at a low STS mortality score. A moderate study of 420 patients from
Munich with low STS mortality scores at around 4.8%-7.1% showed a
promising 30-day mortality outcome of 3.8% and a 6-month mortality
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of 12.4% [29]. More information is nevertheless demanded for these
types of patients if it is to be used as a standard protocol for any patient
with severe aortic stenosis.
Further information is required for determining the long-term
outcomes of the TAVR operation. This lack of knowledge is what
hinders the use of the operation in the younger population. Normally,
the high-risk patients frequently present at late ages; different outcomes
may occur with younger patients with severe aortic stenosis. The
PARTNER II trial should presents results concerning the outcomes of
younger TAVR individuals in the near future [35].
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