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Abstract
Objectives: The present systematic review objectively assessed the
feasibility, safety, clinical effectiveness, and durability of different
approaches in deployment of transcatheter aortic valve implantation

(TAVI) for patients at high surgical risk with severe aortic stenosis.

Methods: Electronic searches were performed in 3 databases from
January 2002 to November 2011 of patients undergoing TAVI via
transapical, transaortic, subclavian approaches. The primary end

points included feasibility, safety, efficacy, and durability.

Results: The current literature regarding TAVI is limited to
observational studies. Overall procedural success rates ranged from
90% to 100%. The incidence of major adverse events included: 30-day
mortality (0%-18%), major adverse cardiovascular and cerebral events
ranged from 2% to 35% and the rate of postoperative multiple organ
failure was 2% to 8%. There was statistically significant hemodynamic
1mprovement demonstrated by postoperative echocardiography
measurements with no significant deterioration up to 6 months

postprocedure. Survival at 6 months ranged from 59% to 93%. Only



one study with long-term of transapical TAVI follow-up could reliably

evaluate long-term survival of 58% at 3 years.

Significance: TAVI has proven to be feasible and potentially an
effective intervention for non-surgical patients with symptomatic
aortic stenosis. Although short-term efficacy based on
echocardiography has been promising, there is a paucity of data
concerning long-term outcomes. The evolution of TAVI will be
dependent on the development of a valid tool for estimating the
surgical risk to define indications for surgical aortic valve replacement

versus transcatheter aortic valve implantation.
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INTRODUCTION

Aortic stenosis (AS) is the most common form of valvular heart
disease in adults in the western world!. This disorder is rapidly
becoming a large public health burden as the age of the population
increases with its associated morbidity and mortality. Severe AS is
universally fatal if left untreated, with a 75% mortality rate within 3
years of symptom onset?. Although patients are often high-risk
candidates for open surgery, aortic valve replacement (AVR) with
cardiopulmonary bypass (CPB) has been the longstanding treatment of
choice for patients with symptomatic severe AS that not only offers
symptomatic relief, but the potential to improve long-term survivals.
However, this elderly population with symptomatic severe AS poses a
difficult target because of their significant comorbidities. Surgical
AVR with CPB can often be denied because of an unacceptably high
preoperative risk of mortality and morbidity.

Consequently, many patients with severe AS may never even
undergo surgical evaluation for various reasons such as patient

refusal, advanced age, or excessive surgical risk. It is well-studied that



symptomatic patients continue to have a poor prognosis with only
medical management. The reason aortic stenosis is a surgical disease
1s that the obstruction to the outflow tract requires mechanical relief.
The long-term benefits of percutaneous balloon aortic valvuloplasty as
a less-invasive, lower risk alternative was never established because of
high rates of reintervention46. However, this lack of an alternative to
surgical AVR led to an important clinical question. This long-term
outcome was investigated thoroughly by Europe as a large proportion
of the cohort over the age of 75 does not undergo surgical AVR. Yet,
even as an overwhelming preponderance of data has established that
AVR significantly reduces mortality, 30-40% of patients that have a
class I indication for AVR are never offered surgical intervention
because of their high surgical risk?.

These findings coupled with the strength of the existing data
drove interest toward reducing morbidity and mortality in this specific
demographic. The need for a less invasive device to relieve a fixed
mechanical obstruction led to the development of transcatheter aortic
valve implantation (TAVI). Ultimately, it was this exact cohort in
which TAVI was first demonstrated during the early pioneering works

of Cribier et al. using a transvenous, transseptal approach8?. Since



the initiation of the ongoing PARTNER (Placement of AoRTic
TraNscathetER Valve) trial, the U.S. investigators have demonstrated
significantly improved outcomes with good reproducibility10-12, One
randomized control trial demonstrated an absolute reduction of 20% in
all-cause mortality in extreme risk patients denied by two
cardiothoracic surgeons for surgical AVR when comparing TAVI
against medical therapy!3.

Since Cribier et al. began in 2002, TAVI has undergone active
Investigation in many medical centers. However, the development and
adoption of TAVI has been somewhat limited by the inherent technical
complexity, surgical resources, and the risks of transapical punctures.®.
Investigators evolved to a retrograde femoral arterial approach,
originally used for access in balloon aortic valvuloplasty. This created
a technically less challenging and a method of access many are more
accustomed tol415, Patient selection generally requires a
comprehensive study of the different arterial approach sites, such as
the aorta, aortoiliac, and femoral vasculature. However, inherent
peripheral artery disease in this specific cohort may render ileofemoral
access difficult or even impossible in many cases. Therefore, by

simplifying this procedure, retrograde femoral access may have
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excluded many elderly patients with concomitant peripheral vascular
disease. This paradox of increasing the number of centers offering
TAVI, yet decreasing the accessibility of this procedure to vasculopaths
1s secondary to data demonstrating the risk of procedure failure or
vascular injury greatly increases when wiring and passing catheters
across diseased and tortuous femoral and iliac vasculature!”.

This potential for vascular morbidity inherent in the elderly
population led to the development of subclavian, transapical, and
transaortic access techniques. Subsequently, many investigators
involved in the PARTNER trial have begun to release early outcomes
related to their experiences in non-orthodox access techniques at their
centersl7-32.50.51  Each of these techniques provides the advantage of
avoiding access difficulty and facilitating device delivery. However, the
transaortic and transapical approaches are significantly more invasive
as the former requires a mini-sternotomy, meanwhile the latter
requires a thoracotomy!6. Moreover, complications specific to passing a
percutaneous valve holder across the apex such as myocardial rupture
and apical aneurysm formation have been reported2>. These new

approaches regarding TAVI offers more patients this unique device
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and refines its deliverability while minimizing patient morbidity and
mortality.

Even as ongoing TAVI data is collected, there is a definite need
by investigators to demonstrate the clinical and echocardiographic
efficacy of this device. The Society of Thoracic Surgeons (STS)
National Cardiac Database has demonstrated that mortality for
surgical AVR can range anywhere from 4.3% for first isolated AVR to
25% for redo surgery or multiple valve replacement plus coronary
artery bypass grafting, with an overall mortality rate of 6.4%33.
Consequently the drive by the ongoing PARTNER trial is to
demonstrate non-inferiority of TAVI compared to the outcomes seen in
high-risk patients after surgical AVR34. Even as the traditional
retrograde femoral arterial approach has become well established and
the use of TAVI has expanded with new access techniques, its adoption
must be tempered with high clinical efficacy and safe, measurable
outcomes. Many issues related to TAVI remain to be clarified by
clinical data. The present literature review was designed to objectively
assess the feasibility, safety, and clinical effectiveness of non-orthodox

access In TAVI in the treatment of severe AS.
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RESEARCH MATERIALS & METHODS
Literature Search Strategy

Electronic searches were performed in 3 databases from January
2002 to November 2011: PubMed and Cochrane Database of
Systematic Reviews. To achieve the maximum sensitivity of the search
strategy and identify all studies, we used appropriate free text and
thesaurus terms: “percutaneous” OR “transcutaneous” OR
“transcatheter” AND “transarterial” OR “transapical” OR “transaortic”
OR “subclavian artery” OR “axillary artery” AND “aortic valve” OR
“aortic valve stenosis” AND “aortic valve implantation.” The reference
lists of all retrieved articles were reviewed for further identification of

potentially relevant studies.

Study Population

The study population was classified as patients who would be
considered for TAVI in the United States, therefore of high surgical
risk with AS or those deemed not suitable for surgical AVR. The
criteria for patient selection for TAV implantation varied among
institutions, and the definitions for nonsurgical candidates were not

uniform.
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Interventions

The Edwards SAPIEN bioprosthesis is a balloon-expandable stent
with three bovine pericardial leaflets mounted within a cobalt-
chromium frame. This device is available in two sizes: 23 mm
expanded and 26 mm expanded. Current devices require either a 22F,
24F, or 26F sheath for delivery. The Medtronic Corevalve is a self-
expanding percutaneous porcine aortic valve in a nitinol stent. The
available valve diameters are 22, 26, and 29 mm. Delivery is via 18F,
21F or 25F sheaths.49

For axillary/subclavian access, a 5 cm infra- or supraclavicular
skin incision for exposure was used for access. An axillary arterial
diameter of 6 mm was considered adequate for implantation.
Antegrade transapical aortic valve implantation was performed
through a 3-5 cm left anterolateral mini-thoracotomy. Retrograde
implantation directly though the ascending aorta was performed
through a partial upper mini-sternotomy. A temporary pacemaker wire
was placed transvenously for rapid ventricular pacing during balloon
valvuloplasty of the stenotic aortic valve from 160-200 beats/min and
for prophylaxis in cases of postoperative heart block requiring external

rhythm support.
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Outcome Measures

The findings from initial searches were discussed and arranged as
criteria to incorporate into the present literature review. The primary
end points included feasibility and safety (procedural success rate,
mortality, major tachyarrhythmia, bradyarrhythmia requiring
permanent pacemaker insertion, myocardial infarction, cardiac
tamponade, cerebrovascular accident, conversion to surgical AVR,
vascular complication, severe paravalvular leak, emergency
percutaneous coronary intervention, endocarditis, aortic
dissection/perforation, blood transfusion, procedure duration, and
length of hospital stay).

The secondary outcomes that many investigators evaluated
regarded the efficacy and durability of the device based on
echocardiographic findings (mean aortic valve area, peak and mean
pressure gradient, left ventricular ejection fraction) and clinical
assessments (New York Heart Association [NYHA] functional class)
1mprovement versus baseline, and survival at 6, 12, 24, and 36 months

follow-up).
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Study Design & Selection Criteria

A meta-analysis was not appropriate because no comparisons
among different devices or techniques of insertion have been reported,
sample sizes are relatively small, and potential differences in different
generations of prostheses may also exist. Prospective and
retrospective experimental or observational studies were included,
however case reports, case series, abstracts, editorials, and expert
opinions were excluded. This systematic review only targeted studies
and patient subsets that included high-risk patients with severe AS
that only received TAVI via a subclavian/axillary artery, transapical,
or transaortic approach. Only the most comprehensive studies from
each center were included for data extraction and qualitative
appraisal. Previously published duplicate trials with smaller numbers
of patients or shorter lengths of follow-up were excluded from the final

review.

Data Extraction and Critical Appraisal
The 2 investigators (H.P. & M.P.C.) independently appraised each
article, using a combined critical review checklist as recommended by

the National Health Service Center for Reviews and Dissemination
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case series quality assessment criteria3®, the Cochrane Collaboration
handbook for systematic reviews of interventions3é, and the Agency for
Healthcare Research and Quality systems to rate the strength of
scientific evidence3?. This agreed upon guidelines covered
representativeness of study sample, explicitness of inclusionary and
exclusionary criteria, specific echocardiographic and/or functional class
at time of treatment, presence of follow-up, objectivity of outcome
measures, and appropriateness of statistical analysis. The criteria for
assessing the quality of postoperative morbidity and mortality data
included whether terms were clearly defined, use of standardized or
validated objective measurements and the presence of appropriate
adverse effects attributed to the interventions. All data was extracted
from the relevant articles’ texts, tables, and figures. Clinical outcomes
and technical measurements of each study were reviewed and
integrated through a narrative review. Discrepancies between the 2
reviewers were resolved by discussion and consensus. The final results
were reviewed by two external reviewers (M.S.K. & H.S.) and

appropriate revisions were undertaken.
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RESULTS
Quantity of Studies

The titles and abstracts of 164 peer-reviewed publications were
1dentified after searching two distinct electronic databases. A cursory
evaluation of these abstracts identified 38 potentially relevant
publications. Manual search of the reference lists identified 13
additional publications of interest. When the inclusion and exclusion
criteria were applied to these 49 publications, 18 articles!?
32,50,51 pemained for assessment. Duplicative publications with
accumulating numbers of patients or increased length of follow-up
were identified. The publication with most complete data set from
each center was retained and the initial preliminary studies were
eliminated. In total, 12 studies were included for appraisal and data
extraction (Table 1)17-26.50.51  Al] studies evaluated the feasibility and
safety of TAVI. All except two studies!9.26 assessed the efficacy and
durability of TAVI using hemodynamic measurements by use of

echocardiography.
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Quality of Studies

No randomized controlled trials or matched comparative studies
were identified. All 12 included articles were experimental studies
without control groups or blinding. All reports originated from
specialized tertiary referral centers, while two included data from full
registries accumulated by respective countries®0.51, Eight series had
>40 patients enrolled (range, 40-137)17.20-22,24,26, 50,51 gand the remaining
4 series had <40 patients (range, 12-26).1819.23,.25 The definitions
identified as inclusionary criteria for high-risk patients with AS
unsuitable for surgical AVR varied among the institutions. For
example, age >7021, >7518.20.22  >8019 or none/undefined®%.51; AVA <1
cm?2,24,26,50 <0.8 cm?2,18 <0.6 cm?2,2L.50; or a peak transaortic gradient of
>40 mm Hg.26 Additional criteria consisted of aortic annulus diameter
<24 mm and symmetrically distributed calcification of the stenotic
native aortic valve cusps820; logistic EuroSCORE >11%,20
>20%,1822:26,50 and Society of Thoracic Surgeons score =100, >15%.21
Also to be included as a non-traditional femoral/iliac approach TAVI,
all study subjects had to be excluded because of iliac-femoral
arteriopathy, small size, excessive tortuosity, calcification, or

abdominal aorta aneurysm.!7-26,50,51
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All centers also deemed candidates inoperable based on clinical
judgement because of risk factors not covered by risk scoring (such as
repeated previous cardiac surgery, porcelain aorta, severe COPD, chest
deformities, and other surgeon-documented technical reasons).17-26,50,51
In several studies, risk calculation data (EuroSCORE & STS score)
was collected but not directly used as delineation for risk
stratification.17.19.23-2551 (Certain studies also implicitly acknowledged
that predictive risk scores do not calculate all relevant variables.
Therefore, currently there is no single risk calculator that can
accurately estimate operative risk17.19,

In 3 studies,!9:23.25 the number of patients evaluated was
relatively small because of the degree of selection and the relatively
small investigational site. The study samples in these series are less
likely to be fully representative of the study population and were not
large enough to provide definitive estimates of incidence of all adverse
events. Therefore it 1s possible that certain adverse effects related to
these procedures were never seen or were abnormally elevated because
of the relatively small sample size. Seven studies reported explicit
inclusionary criteria,!8:20-22.24,26,50 and 5 studies did not!7.19.23.25,51  A]]

studies reported procedure-related or 30-day morbidity and
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mortalityl7-26.50,51 Seven studies reported follow-up data at 6
months!7.20-22,24-26 . Four studies reported follow-up data at 12
months!7.21,2526, Meanwhile, only one study had follow-up data beyond
2 years of 17 patients, coincidentally that investigational site also
performed the first human case of successful transapical TAVI'?, This
study also provided the longest recorded follow-up to date of a
successful deployment of a transapical TAVI at 37.3 months!?. All but
one study!?® evaluated hemodynamic measurements by
echocardiography to some degree. Three studies performed subgroup
analysis assessing procedural learning curvel?.20.24, Mortality,
morbidity, hemodynamic measurements, and survival rates were
objective outcome measures, while NYHA class was based on
subjective clinical assessment.

All studies clearly defined the techniques of TAVI and the
description of the techniques used for each approach was relatively
similar. Clinical adverse events were adjudicated by a independent
clinical committee in two studies,20-2! not in 2 other studies,2426 and
was not reported in the remaining 8 studies!7-19.22,23,25,50,51 The
duration of follow-up was reported and the definitions of adverse

events were clearly explained in all studies!7-26.50.51 Two studies
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reported data according to major adverse cardiovascular and cerebral
events (MACCE)21.24,
Assessment of Feasibility

The overall procedural success rates ranged from 90% to 100%
(Table 1) 17-26,50,51  A]]l studies determined procedural success based on
Piazza and colleagues’ three distinct end points:!2 adequate technical
placement, normal bioprosthesis performance, and operative outcome.
Svensson et al.2! reported that 36 of the 40 antegrade transapical
implantations (90%) of Edwards SAPIEN TAV were performed
successfully with 4 technical failures. In three patients the valve
embolized, one of these cases was cause by the cine automatically
switching off during the critical moment of deployment. In the other
patient, valve migration occurred immediately after implantation
during CPR. Also with the antegrade transapical Edwards SAPIEN
TAV, Walther and associates2? achieved successful implantation in 55
patients (93%). Reasons for failure in the four patients were all due to
incorrect positioning of the valve. Two of these malpositions occurred
early in the series and one was secondary to the lack of fluoroscopic
1maging because of technical problems (only TEE was used) during a

deployment. The remaining case occurred due to the presence of
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severe focal calcification of only one of the native aortic valve cusps.
There was only one procedural failure (8%) seen by Bruschi et
al.22 in his series of 12 patients, during a retrograde direct aortic access
implantation of a Medtronic CoreValve. Investigators noticed bleeding
from the ascending aorta, clinical and echocardiographic signs of
cardiac tamponade immediately after an 18-Fr introducer was
inserted. A median sternotomy was immediately performed with
direct patch suturing of a right ventricular laceration. After acquiring
hemostasis, the investigators decided to perform a femoral-approach
TAVI. Despite successful implantation the patient died on the same
day from an abdominal aortic aneurysm rupture. Finally, the largest
study on 137 patients who had both the SAPIEN and CoreValve
implanted demonstrated a procedural success in 99% of the patients.
However, Bleiziffer, Eltchaninoff, and Bosmans did not delineate the
details of their failures, including the approach or the specific valve
type. The latter two likely due to the nature of harvesting a large

national registry.
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Assessment of Safety

Table 2 demonstrates 30-day major cardiovascular and cerebral
adverse events following TAVI across all studies!?-26:50.51, The range of
these adverse events was as following: 30-day mortality (0%-18%);
major ventricular tachyarrhythmia (0%—6%); supraventricular
tachyarrhythmia (0%-31%); bradyarrhythmia requiring permanent
pacemaker insertion (0%-25%); myocardial infarction (0%-15%);
cardiac tamponade (0%-11%); cerebrovascular accident (0%-6%);
conversion to surgery (0%-8%); cardiogenic shock/insufficiency
requiring IABP placement (0%-17%); vascular complication (0%-17%);
moderate to major paravalvular leak (0%-35%); valve-in-valve
procedure (0%-6%); aortic dissection/perforation/rupture (1%-8%); and
blood transfusion >2 units (9%-53%). The mean procedure duration
varied from 106 to 174 minutes. The mean ICU stay ranged from 18 to
20 hours. The overall 30-day MACCE ranged from 2% to 35%, while
survival at 6 months was between 59% and 93%. Only two specific
studies generated survival curves out to 1 year (70-72%)17:50, and one

out to 2 years (66%), and 3 years (58%).17
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TABLE 2, Procedural and 30-d clinical outoomes following transcatheter aortic valve implantation
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Assessment of Efficacy

The efficacy of TAVI was assessed based on echocardiographic
findings (Table 3)17.18.20-25,50,51 Two studies did not report
echocardiographic measurements in order to evaluate for objective
improvement in technical valvular function!926, The remaining 10
studies all demonstrated significant improvement in hemodynamic
performance (P <.05) when preprocedural values were compared to

postprocedural echocardiography measurements. Mean aortic valve

area increased from 0.5-0.7 cm?2 to 1.4-1.7 cm2, mean pressure gradient

decreased from 40-56 cm? to 6-12 cm2, left ventricular ejection fraction

ranged from 47-56% before and 54- 61% after TAVI.
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TABLE 1. Echovardiographic measurements & clinical outeomes follvwing TAVI
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Assessment of Durability

At 1-month follow-up, the study patients had on average
improved their NYHA functional class at least by 1 grade, limited only
by their previous medical conditions.17.21-25 These outcomes were
followed out to 3 months, 6 months?21.22.24 and 12 months, 24
months!7.25 establishing a stable improvement in functional class.
Follow-up echocardiographic measurements were available in 7 studies
at 1 month,17.20-25 5 studies at 6 months,17.21-22,25 2 studies at 18
months,1725 and 1 study at 36 months.17 According to these findings,
there was no significant functional valvular deterioration upon
echocardiography during the assessment period. Death rate at 6
months post-procedure ranged from 8% to 33%20,21,24-26,

Ye and colleagues!? reported that of the surviving 59 patients, ten
patients died of non-valve-related complications, including cancer (1),
lung diseases (COPD and/or pneumonia/sepsis in 4 patients),
myocardial infarction (1), multiple organ failure (2), gastrointestinal
bleed (1), and multiple factors/organ failure (1 patient). Another large
multicenter trial20 reported five additional deaths that were non-valve-
related at a mean follow-up of 110+77 days. Causes of death included

respiratory and renal failure (2), heart failure (1), sepsis (1), and
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unclear in 1 patient. Svensson and colleagues?! also had similar
findings at late follow-up in which 6 additional patients died of non-
cardiac and non-procedure-related deaths. Petronio et al. 24 identified
only 3 more deaths at 6 months (reasons unknown). One study also
found at a mean follow-up of 14+7 months, that there was only one
additional death from pneumonia at 41 days post procedure.25 Bapat
and colleagues?® also reported long-term mortality data, in which there
were 19 additional deaths out of the surviving 84 patients in the
transapical group at a mean follow-up of 3844314 days. In the
transaortic group, there were 2 deaths in the remaining 15 patients at
a mean follow-up of 1624154 days.

Svensson and associates?! reported on a Food and Drug
Administration-approved feasibility study involving 40 patients that
underwent Edwards SAPIEN TAVI. This was the initial published
study reporting on quality-of-life data. Quality-of-life scores improved
from preoperatively (SF-12 Physical 28.7, SD 6.1; Mental 48.1, SD
11.5) to postoperatively at 6 months (SF-12 Physical 35.2, SD 7.4;
Mental 50.4, SD 11.7). The physical improvement was significant
(p=0.002). Another study that incorporated quality-of-life evaluation

collected a self-assessed general health state on a scale of 0-100%.22
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Preoperatively the patients rated themselves at 55+17%, this improved

to 68+16% at 30 days postoperative (p<0.001).
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DISCUSSION

Patients requiring cardiac surgery in the U.S. have steadily
become older and more complicated with significant comorbidities.
Calcified aortic stenosis continues to be the most common valvular
disorder affecting this aging population. Although medical therapy
has failed to change the course of the disease, especially once
symptoms or left ventricular dysfunction manifest, surgical AVR
remains the gold standard for definitive treatment3. However, surgical
intervention includes the risks and morbidity associated with
cardiopulmonary bypass and median sternotomy. Frail and elderly
patients with poor functional status and severe AS are often excluded
from surgical AVR due to potentially high operative risks.
Consequently, the less invasive nature of TAVI is believed to offer a
safer treatment option for this select group of patients?®.

Currently, no published literature has utilized randomized
controlled trials to compare TAVI with conservative medical
treatment, balloon valvuloplasty, or surgical AVR. However, multiple
large clinical centers and combined registries with large patient
experience with TAVI have begun to demonstrate promising results

with improved quality of life2!l. The ongoing U.S. PARTNER trial
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(Placement of AoRTic TraNscathetER Valve) compares TAVI versus
surgical AVR in patients at high surgical risk and TAVI versus
medical treatment or balloon aortic valvuloplasty in patients at
extreme surgical risk. Although large centers enrolled in this massive
nationwide study have already released extremely promising data,
there is still a select subgroup that was initially precluded. Yet,
vasculopathy causing access and deployment obstacles involve a large
proportion of the high to extreme risk population undergoing surgical
AVR.

The limitations and risks of employing TAVI utilizing alternative
approaches in patients who lack adequate femoral artery access is still
largely unknown. Patients with significant peripheral vascular
disease have a greater risk of stroke and death either after
conventional primary AVR and in reoperative valve replacements3s.
This increased risk causes inherent negative bias in patients with poor
access that are chosen for non-traditional access. Furthermore
vasculopathic patients requiring transapical TAVI using a mini left
anterior thoracotomy may also be at increased risk due to the invasive
nature. In many situations, the exact benefit of approaching with

alternative access because of a porcelain aorta or a stenotic subclavian
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artery creates an intrinsic difficulty of comparing outcomes in this
subset of patients with symptomatic aortic stenosis.

The present systematic review based on the available
observational series regarding TAVI deployed via non-traditional
access demonstrated the following key points. First, in view of the
feasibility and safety results of TAVI, the procedure success rate
ranged from 90% to 100%, demonstrating a definite feasibility of the
procedure2l.24¢, The safety profile of this device remains unclear due to
variability, as 30-day mortality (0%-18%), 30-day MACCE (range 2%-
35%), and 6-month survival (569%-93%) were relatively low compared to
previous studies documenting this high to extreme risk subgroup?2!.24,
However, Ye and colleagues!” demonstrated survival at 1, 2, and 3
years of 72%, 66%, and 58% with the most definitive and long-term
dataset following patients that had transapical TAVI, which is the
longest standing non-traditional access. In a report by Kojodjojo and
associates, 62 patients who were declined by surgeons for conventional
AVR had approximate survivals of 50%, 25%, and 10% at 1, 2, and 3
years39. However the limitation of these purely observational studies
1s that they are a not fair comparison to open surgical valve

replacement, balloon valvuloplasty, or medical optimization.
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Without randomized trials, it is not clear whether the high
interventional mortality risk associated with TAVI is lower than the
risk associated with conventional surgery. The procedural and short-
term outcomes appeared to be improving in more recent studies with
accumulating numbers of patients. In earlier reports, Cribier and
colleagues? reported a procedural success rate as low as 82%. However
the majority of studies included in this systematic review
demonstrated procedural success rates of 100%17-19.23,24.26 Ye et. al
described that their data indicated that the initial learning curve
significantly influenced early mortality (33.3% in the first 15 patients
versus 12.5% in the remainder of the patients)!?. Although the
learning curve may not change long term mortality (>2 years), the
major obstacles are device technology, procedural skills, and decision
making involving case selection, as well as decision making in the
management of complications. At the current stage of experience, the
number of patients required to regard a specialized center well-trained
1s not certain. However, the consensus amongst these studies
describes that this procedure requires a highly trained team with the
expertise and infrastructure to optimize safety for both staff and

patients. Therefore, concentration of the services at centers with
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experience is likely to increase quality of care for these patients.

Second, the short-term efficacy based on echocardiography
measurements and NYHA functional class for patients, irrespective of
the procedural approach used, seems to be encouraging. NYHA
functional class was clinically lower by an entire unit from one
month17.21,22.25 to up to 36 months postoperativelyl?. After successful
insertion, patients demonstrated remarkable improved quality of life,
decreased gradients, improved orifice area, and return to a better
functional performance2!.22, Bleiziffer and colleagues demonstrated an
improvement of NYHA class with their population (class IIT and IV
100%) preoperatively to less than 20% at 30 days and six months
postoperatively?2. These outcomes were also correlated to a
statistically significant improvement in a self-assessment of general
health state from 55% to 68% on a scale of 0-100%. Based on the data,
TAVI seems to be not only feasible, but also efficacious. For this
emerging intervention to be successful, it is imperative for more
studies to evaluate quality of life objectively, follow patients long-term,
and establish good data on the durability of this technology.

Based on the limited data available, echocardiographic

measurements up to 12-months of follow-up did not demonstrate
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significant functional deterioration. The current iteration of the
Edwards SAPIEN valve has been in a pulse duplicator to 400 million
cycles, approximately equal to 10.4 years. Clinically, after 500 valve
insertions, there have been no late leaflet failures2!. In fact these
valves are based on the conventionally inserted bioprosthetic valves.
In patients over 70 years of age, these valves used in open surgical
AVR have demonstrated Kaplan-Meier freedom from reoperation due
to valve failure of 93% at 12 years and 70% at 20 years40-4l, However,
TAVI long-term follow-up data is not available and the durability of
these prostheses will probably be revealed by the PARTNER trial
itself. Many studies have not only demonstrated significant
improvements in hemodynamic performance, however they have also
begun to measure the impact on patients’ quality of life. Assessment of
the long-term durability will require a minimum of 5-10 years of
follow-up. Given the limited life expectancy of patients currently
considered for TAVI, this may not be practical. Establishing data
demonstrating continued improvement in functional status after TAVI
will most likely be the most important clinical endpoint after one year.
Currently, the PARTNER trial is restricted to elderly patients

considered to be at very high risk for conventional surgical AVR. In

38



the absence of published guidelines, the Society of Thoracic Surgeons,
the American Association for Thoracic Surgery, and the Society for
Cardiovascular Angiography and Interventions published a consensus
statement recommending strict evaluation of patients undergoing
TAVI42. Recent literature acknowledges that multidisciplinary teams
should enroll patients at “high surgical risk” or “nonsurgical”
candidates with AS. The eligibility of patients for TAVI was poorly
defined in 4 studies!7.19.23.25, However, the majority of investigators
determined inclusion based on clinical assessment supplemented with
predictive risk scores obtained from the European System for Cardiac
Operative Risk Evaluation (EuroSCORE) and Society of Thoracic
Surgeons (STS). Another position paper released in 2008, directly
addressed the difficulties of surgical mortality risk prediction and
indication for TAVI by the European Association of Cardio-Thoracic
Surgery, European Society of Cardiology, and the European
Association of Percutaneous Cardiovascular Intervention. Clinical
judgment was determined to be a better predictor than risk scores for
the evaluation of surgical risk43.

The validity of these tools for estimating the surgical risk

incurred by high-risk patients has also been criticized. Although they
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provide an objective estimation and quantifiable value of operative
mortality risk they do not capture all relevant variable and are known
to have limitations in this particular group of patients4445, The
majority of investigators have used logistic EuroSCORE as an objective
preoperative risk stratification approach with TAVI. Although this is
critical to compare clinical results of each different approaches, it is
well known that EuroSCORE severely overestimates operative risk in
high-risk patients44.46.47.48  (Clinicians must be cautious in estimating
operative risk from models that were not intended for this specific use.
Furthermore, the definition of “high surgical risk” is difficult to
delineate with consistency amongst investigators. There is a definite
need for the development of a new scoring system for this exceptional

patient population.
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CONCLUSIONS AND FUTURE DIRECTIONS

Although the feasibility of TAVI has been demonstrated, there is
a lack of comparative studies and the data on long-term efficacy and
durability in non-femoral delivery of TAVI in the current literature.
The relatively unproven nature and inherent risks of this new therapy
mandate a formal team approach to patient selection with randomized
controlled trials and rigorous follow-up to show whether different
techniques for access are superior to conventional approaches. Before
further convincing evidence becomes available, there is a definite need
for further investigation in implantation technique, device positioning,
as well as these devices themselves. However many of the basic
questions of durability, safety, and efficacy compared to open surgical
AVR will be demonstrated in time by the high-risk surgical arm of the
current FDA-approved PARTNER trial. Meanwhile, decision on
eligibility and approach must be individualized and assessed by a
multidisciplinary team of cardiologists, cardiac surgeons, and cardiac
anesthesiologists. One of the main challenges in the future will be the
determination of clear indications with accurate risk stratification for
surgical and interventional treatment of aortic stenosis. It is likely

that progressive development of technology, familiarity with
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techniques, and better understanding of appropriate criteria for
patient selection will continue to refine the approaches for TAVI and

1ts clinical implications.
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