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Introduction

The development of catheter-based therapies – 
and in particular, transaortic valve replacement 
(TAVR) – has revolutionized the management 
options for patients who present with sympto-

matic aortic stenosis. While the appeal of TAVR cannot 
be understated when compared to the invasiveness of 
the traditional open-heart aortic valve replacement sur-
gery (SAVR), the global explosion in the utilization of 
TAVR must be taken with caution. There is no doubt that 
TAVR can offer a reasonable option for patients in whom 
surgery is considered high or extreme risk, but with the 
simultaneous advances in surgical techniques, anesthe-
sia, myocardial protection, and overall peri-operative 
care, the decision-making options for patients continues 
to change. Nevertheless, with more options for pati-
ents, the challenge is to also recognize that patients are 
getting older, frailer, and are presenting with more ad-
vanced cardiac disease and co-morbidities. Furthermo-
re, with the growing use of TAVR in higher risk patients, 
there is the natural extension into lower risk and youn-
ger patients – especially those who are expected to ha-
ve many years, if not decade, of potential quality of life 
ahead – for which it is critical that options reflect the 
current data that considers both the short and long-

term experiences. The goal of this review is to highlight 
some of the controversies and difficulties in the ma-
nagement of aortic valve disease. The topics presented, 
by definition are under constant study and by no means 
complete, but hopefully this review will help establish a 
baseline understanding of the complex concerns that 
must be considered when treating patients with newer 
technologies. Despite the desire for less-invasive opti-
ons, it is important to remember that less-invasive does 
not always translate into better, safer, cheap, or more 
effective – either in the short or long-term. Furthermo-
re, we also need to recognize that the economic consi-
derations of being able to help as many patients as po-
ssible in times of limited financial resources is a topic 
that must be acknowledged. 
It is critical as the use of TAVR over SAVR continues to 
expand to lower risk patients and different pathologies 
(such as bicuspid valves, patients with concomitant cor-
onary disease or aortic aneurysms) in an era of “shared-
decision making” (in which patients have a greater role 
and, hopefully, responsibility in directing their care) that 
it is recognized that there are often different solutions 
to different problems and it is rare that there is a single 
approach that can be applied to everyone all of the time, 
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During the past 10 years there has been a significant shift in how aortic valve disease is managed.  
The development of catheter-based therapies, specifically trans-aortic valve replacement (TAVR), 
has offered treatment options for patients in whom surgery (SAVR) was previously their only op-
tion.  The global growth in the utilization of TAVR has been tremendous and embraced with much 
enthusiasm. However, such growth has not been without significant controversies and costs.  The 
used of Heart Teams to help guide the evaluation and management of patients with aortic valve 
disease has been an important step in trying to match the specific therapy options with the unique 
patient characteristics – however, it is important to recognize that catheter-based therapies are 
still relatively new, in constant evolution, and potentially influenced by substantial conflicts of in-
terest.  While the role of TAVR in high or prohibitive risk patients is established, the evolving role 
in low and intermediate risk patients is unclear and potentially controversial given some of the 
concerns that the short-term benefits when compared to traditional surgical therapies might not 
result in durable long-term outcomes and freedom from major events and reinterventions.  The 
literature on this topic is extensive and the goal of this review is to hopefully raise some of the 
concerns regarding the perceived benefits of TAVR over SAVR especially in the context of whether 
this extremely expensive therapy should be considered the new global standard of care. 

aortic stenosis, aortic valve disorder, heart surgery, Heart Team, structural heart therapies, trans-
catheter therapies  
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Background
Aortic stenosis is the most comment type of cardiac val-
vular disease. Hemodynamically significant stenosis, as 
determined by catheter or echocardiographic pressure 
gradients measured across the valve, are found in up to 
2% of the patients greater than 65 years old, 3% in 75 
years old patients, and 4% in those old than 85 years old. 
Symptomatic bicuspid aortic valve disease – either steno-
sis or insufficiency – is also a substantial problem. It is 
estimated that over 100,000 people in the United States 
are given a diagnosis of severe aortic stenosis each year. 
Historically, open-heart surgery (SAVR) was the only de-
finitive options for those presenting with symptomatic 
severe and critical aortic stenosis. It is clearly established 
that the risks of surgery increase substantially with pa-
tients age and comorbidities. Despite the success of 
SAVR, there are concerns that elderly, frailer, or sicker (i.e. 
multiple advanced comorbidities or advanced organ dys-
function) might have difficult post-operative recoveries 
that limit their potential ability to benefit both short and 
long-term from valve replacement. It has been this mind-
set that has often resulted in many patients who “could 
have” benefited from surgery never referred for an ap-
propriate evaluation.
The early symptoms of severe or critical stenosis is as-
sociated with shortness of breath, early fatigue, or ex-
ercise intolerance. However, the later symptoms include 
heart failure, chest pain, and syncope. Once advanced 
symptoms develop, their prognosis is worse than some 
cancers, including colon and breast. Without interven-
tion, advanced symptomatic aortic stenosis is associat-
ed with a less than 50% two-year survival.

Treatment Options
The survival difference between symptomatic aortic ste-
nosis patients treated medically compared to those 
treated with surgery is significant. In fact, in the absence 
of significant contraindications, it is felt to be inappro-
priate and maybe even an ethical to withhold therapy 
in patients who are symptomatic. Given the poor prog-
nosis of untreated critical aortic stenosis with a less than 
20% survival at two years when compared to the great-
er than 85% 4-to-5-year survival in patients who un-
dergo surgery it is easy to appreciate the need for ap-
propriate and timely referral and intervention. However, 
not all patients are suitable for surgery and over the 
years there have been several risk-assessment tools that 
have been developed to aid in clinical decision making 
with regards to how to manage these patients. The most 
commonly used risk-assessment tool is the predicted 
risk for mortality calculator that is based upon objective 
outcomes data submitted to Society of Thoracic Sur-
geons database,. The limitations of this risk calculator 
are well known and that is why other variables that con-
sider a formal assessment of the impact of comorbidi-
ties, patient frailty, and organ system dysfunction, com-
bined with the technical or anatomical aspects of the 
procedure that may increase perioperative risks are 
used to stratify patients into low, intermediate, high, 

and prohibitive (or extreme) risk. These evaluations are 
then used by patients to participate in shared decision-
making management options as advised by a Heart 
Team of specialists. In the past, with the emphasis on 
surgery, the major decision-making was focused on me-
chanical or biologic (tissue) valved with each having 
various advantages and disadvantages. The develop-
ment of TAVR has dramatically changed the options 
available to patients who traditionally were considered 
prohibitive risk,. Recently, based upon evolving data 
from highly-selective randomized trials, TAVR is now be-
ing offered low risk populations. However, despite the 
appeal of TAVR over SAVR, there are still many questions 
and concerns that should to be considered with regards 
to durability, paravalvular leaks, need for permanent 
pacemakers, and the overall impact on reported real-
world short and long-term morbidity and mortality. De-
spite the growing literature and significant of industry-
driven support promoting the excitement over trans-
catheter therapies, there are still concerns that surgery 
might still be the preferred approach for certain pa-
tients. Furthermore, the significant costs associated 
with these based therapies cannot be ignored in the 
context of limited resources and the underlying ques-
tion of whether something that is more expensive and 
less invasive is inherently “better” 
The early randomized trials that focused on high or ex-
treme risk patients indicated a survival advantage. These 
outcomes resulted in a significant amount of enthusiasm 
for TAVR being an option for patients who otherwise 
would have died from their valve disease. Following regu-
latory approval of TAVR, studies in intermediate and low-
er risk patients quickly followed. The criteria for interme-
diate risk were determined using a predicted risk of mor-
tality, other significant baseline characteristics (i.e frailty) 
comorbidities were considered in the decision-making. 
These selection variables – such as what defines “frail” – 
used to define an intermediate risk patient were often 
subjective and the source of much debate. Again, despite 
the desire to avoid open-heart surgery, the data in the 
intermediate risk patient population showed similar risks 
for disabling stroke and all-cause mortality of around 13-
14% at two years. These results suggested that TAVR was 
“non-inferior” to SAVR, and despite the non-inferiority of 
the results, these findings have often been used to sug-
gest that TAVR may be preferred by the patients and are 
even potentially better with both short- and long-term 
when compared to conventional surgery. While SAVR was 
associated with a recovery time that impacted patient 
reported quality of life assessments, by about six months, 
the self-reported assessments of quality of life were simi-
lar regardless of the treatment . Furthermore, the short- 
and long-term stroke and mortality risks were similar in 
low, intermediate, and higher risk patients – a concept 
that supports the idea of “non-inferiority” but not supe-
riority. Understandably, there has been significant interest 
to help define which patient factors and comorbidities 
might be better suited for one therapy over the other. A 
review of multiple studies that included over 9500 inter-
mediate risk patients there was no significant advantage 
of one therapy over another at one year. Similar results 
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were seen in reviews of studies that focused on low-risk 
patients. In fact, looking at the 2-year mortality and pro-
cedure-related risk for stroke in almost 3500 patients, 
there was no benefit of TAVR over SAVR - again demon-
strating the idea of non-inferior outcomes. Importantly, 
the data demonstrated a potential 2-year survival advan-
tage for patients undergoing SAVR compared to TAVR. This 
survival benefit was also seen in a meta-analysis of 14 
studies that included almost 4200 intermediate risk. In 
this review, by 3 years, there appeared to be a significant 
survival benefit for intermediate risk patients undergoing 
SAVR when compared TAVR. 
Despite some of the growing concerns regarding the 
long-term outcomes in patients undergoing TAVR, there 
have been several randomized multi-center studies spe-
cifically looking at the role in low risk patients []. The 
1-year outcome data has also demonstrated non-inferi-
ority – and maybe even a small survival advantage in 
those undergoing TAVR. However, these trials have been 
heavily criticized based upon their scientific and statisti-
cal methods and highly-selective patient selection. In the 
PARTNER-3 trial, there was concern that, despite enroll-
ing low risk patients only, some of the comorbidities and 
surgical procedures required for these patients implied 
an inherently much higher risk profile []. In addition, 
many patients were excluded based upon anatomical 
considerations with patient selection potentially playing 
a substantial role in outcomes favoring TAVR. Other low 
risk trials validated some of the short-term outcome ex-
periences that contributed to regulatory approval with 
low-risk patients. A major consideration is that low risk 
is not synonymous with younger. As such, given the 
evolving data suggesting intermediate- and long-term 
survival differences, there remains considerable con-
cerns about offering TAVR to patients who have a pre-
dicted life expectancy beyond several years. Unfortu-
nately, this has not slowed the considerable interest in 
TAVR over SAVR in a patient population that still, based 
upon best available evidence, might still benefit from a 
surgical approach. Of course, the reality is that many pa-
tients present with a bias that “surgery” is bad and “less-
invasive therapies” are better (even if they do not under-
stand the difference between each) and might still chose 
an option based upon incomplete understanding of the 
short and long-term consequences of their decision-
making. In other words, does “shared-decision making” 
truly reflect “informed consent”? 
The concerns of the low-risk TAVR trials have prompted 
investigators to review some of the real-world out-
comes. For example, registry data from Israel examining 
very low risk and low risk patients showed a 10 and 15% 
two-year mortality rate, respectively. These outcomes 
were substantially worse than similar two-year survival 
rates reported in modern surgical studies where the 
mortality rates were almost half of those reported in 
similar TAVR patients. It is unclear if patients are aware 
of the substantial risks of these procedures when they 
are making decisions or are being consented.
Without a doubt, there is still much to learn regarding 
the risks, benefits, and how to decide which therapy 
might be best for which patient when treating aortic 

stenosis. But, what is clear, is that regardless of the 
which therapy, both TAVR and SAVR have been shown 
to be safe and effective despite the many challenges and 
unanswered questions.

Unanswered Questions
The list of unanswered questions regarding the manage-
ment of aortic stenosis is extensive and extends beyond 
the scope of this review. Even a partial list, such as below, 
only illustrates the complexity of valve disease and pa-
tient selection. Even the tools used to guide therapies – 
such as Heart Teams (similar to cancer tumor boards in 
which each patient is reviewed individually with recom-
mendations based upon their clinical characteristics and 
pathologies in the setting of local experiences and best 
available data) and “shared decision making” (a term 
used to describe the role a patient has in deciding how 
they want to be treated after weighing the pros/cons of 
the options as presented to them) – are evolving. 
Below is only a small list of topics that must be consid-
ered in the management of valve disease:
• Endocarditis
o Early vs late surgical vs medical management
o Oral vs intravenous antibiotic therapies
o Native vs prosthetic valve
o Therapies for TAVR infections
o Re-operative options in the setting of substance abuse
o Indications for left-sided vs right-sided valves
• Aortic insufficiency
o Timing of surgery
o Role of TAVR
• Bicuspid valve disease,

• Evolving repair technologies
• Impact of previous cardiac surgery
• Special, but common, patient populations
o Chronic or End-stage renal disease – i.e. dialysis
o Morbid obesity
o Small/large aortic roots
o Complex co-morbidities (i.e. active cancers)
o “Younger” patients
o Women of child-bearing age
• Interventions in asymptomatic patients
• Impact of and options for concomitant cardiac patholo-
gies
o Atrial fibrillation
o Obstructive coronary artery disease
o Other valvular pathologies
 Mitral, tricuspid
o Ascending aortic aneurysms
• Prosthetic tissue and structural options
o Bovine vs porcine vs mechanical
o Anti-calcification treatments
o Internally vs externally wrapped valves []
o Stented vs non-stented
o Role of “sutureless” or rapidly deployed surgical valves
• Role of anticoagulation / anti-platelet agents
o Impact on short-term risk for stroke
o Risk for tissue or valve degeneration/thickening
Even with the growing list of topics that complicate the 
decision-making process in how to treat patients with 
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aortic valve disease, there are several major areas that 
are of special and growing interest and concern.

Pacemaker Rates
As showed in almost every major review and study on 
TAVR, the procedure is associated with a significantly 
higher rate of need for a permanent pacemaker com-
pared to SAVR. While arrythmias and conduction prob-
lems are not uncommon after SAVR, there are concerns 
that needing a pacemaker after TAVR is neither trivial nor 
benign. Some large-scale studies suggest a four-fold in-
crease in the need for permanent pacemaker after TAVR. 
The long-term consequences of needing a pacemaker are 
still unclear, especially since the natural history and man-
agement of post-TAVR/SAVR conduction problems is 
complex, there is evidence that the need for a pacemak-
er is associated with worse long-term survival,. Also trou-
blesome is the emphasis (and potential benefit) on early 
discharge and the fact that some significant conduction 
abnormalities (like complete heart block) might not pres-
ent until after the patient is discharged is still unclear.

Stroke and Neurologic Complications
Patients have the belief that TAVR is associated with 
fewer strokes - and this belief is often used to guide 
their decision to undergo TAVR over SAVR. However, this 
has not been objectively demonstrated in the high-pro-
file randomized trials. In addition, there are concerns 
that the neurologic events in TAVR patients might not 
present until after the patient has been discharged. For 
example, in one study reviewing a Medicare database 
consisting of over 44,000 patients - an 86% greater risk 
of ischemic stroke and a six-fold increase risk of hemor-
rhagic stroke after TAVR was seen when compared to 
SAVR with many of the events occurring in subsequent 
readmissions to the hospital within the first year. The 
90-day readmission rate for neurologic events after 
TAVR was considerably higher than many cardiac and 
non-cardiac procedures, including other procedures of-
ten associated with increased risks for neurologic com-
plications such as left ventricular assist device place-
ment, surgical aortic valve replacement, and coronary 
artery bypass procedures. Especially in the context of 
the rigorously reviewed trial data, the real-world experi-
ences with post-TAVR and post-SAVR neurologic events 
requires further objective review.
To offset the procedural related stroke risks, there has 
been a substantial increase in the development and use 
of temporary cerebral protection devices during TAVR. 
While, in concept, these devices sound appealing, they 
are associated with considerable cost. Furthermore, de-
finitive data demonstrating a clinical improvement and 
reduction in neurologic events is still lacking,. It is easy 
to understand why this is an area of tremendous re-
search and development,. 

Paravalvular Leaks
In SAVR, the valvular and paravalvular calcified leaflets 
and surround material is physically removed – but, in 
TAVR inserts and expands against the existing valve. This 
major difference between the two procedures can ex-
plain why TAVR is associated with a much higher rate of 
paravalvular leaks – especially in patients with bicuspid 
or complex valvular/paravalvular/subvalvular calcifica-
tions. The long-term impact of paravalvular leaks is in-
completely understood. However, those patients with 
at least moderate leaks have a much worse survival at 2 
years than those with mild or less leaks. The PARTNER 2 
study, as previously discussed above, demonstrated a 
34% risk of mortality in patients with moderate to se-
vere paravalvular leaks, when compared to the 13-14% 
risk in those with none, trace, or mild leaks. While there 
is much discussion regarding options for the manage-
ment of leaks, such as delayed expansions or ‘plugging’ 
technologies, such interventions are also not without 
risks or technical challenges. 

Indications for Treatment
The American and European Society guidelines for in-
tervention on aortic valve disease has also been evolv-
ing to reflect the developments in therapy options []. 
This is an important point since there is still an indica-
tion for SAVR is asymptomatic patients with critical aor-
tic stenosis. Furthermore, there is growing evidence 
that adverse, and potentially irreversible, structural 
changes in the myocardium occur prior to developing 
symptoms. Patients with very advanced disease can 
have minimal symptoms and tools such as cardiac mag-
netic resonance imaging, strain-rate, and stress-echo-
cardiography are being used more frequently to help 
direct management decisions. 

Coronary Artery Interventions
Many of the patients who present will also have under-
lying obstructive coronary artery disease. Separating 
the symptoms related to their valvular disease from 
their coronary disease can be difficult with carefully 
consideration given to the severity and clinical implica-
tions of each problem and whether they need to be 
managed separating or at the same time. While the ap-
peal of TAVR is that both valvular and coronary patholo-
gies can be addressed often with catheter-based thera-
pies, definitive guidelines directing one option over 
another is lacking. Furthermore, many of the early stud-
ies comparing SAVR to TAVR specifically excluded con-
comitant coronary procedures or those patients with 
significant obstructive disease – even though, especial-
ly in the surgical arms of the trials, a significant percent-
age of patients underwent some degree of surgical re-
vascularization . Furthermore, some of the criticisms of 
the more recent low risk trials is that the surgical pa-
tients were at much higher risk profile because many of 
them underwent concomitant coronary revasculariza-
tion at the time of their SAVR – hence implying that the 
two groups were not similar enough to suggest one 
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therapy (SAVR or TAVR) was better, worse, or even non-
inferior to the other. Of growing concern is that struc-
tural frames of biologic valves also raises concerns of 
difficult coronary access in patients with previous valve 
replacements (both surgical and TAVR). While some pro-
cedures are being developed to try and overcome these 
concerns, such evolving interventions are also not with-
out potential significant risk and can be very technically 
challenging. These topics further emphasize the impor-
tance of complete revascularization at the time of valve 
therapies. It must be also acknowledged that many 
SAVR-TAVR studies specifically excluded patients with 
significant coronary artery disease with current guide-
lines still tending to favor surgery by recognizing the 
limitations of the data,. In addition, preliminary results 
suggest that patients who undergo coronary stenting 
prior to TAVR may have worse outcomes and increased 
need for re-interventions due to major adverse cardiac 
and cerebrovascular events,.

Repeat Interventions
One aspect aortic valve disease that is the most sup-
portive of TAVR is patients that have had previous valve 
intervention, either surgical or trans-catheter, who de-
velop symptomatic structural valve degeneration. Over 
the years, patients underwent SAVR with a biologic 
valve, despite guidelines and a documented survival ad-
vantage advocating the use of a mechanical valve, under 
the hope of avoiding anticoagulation that their next 
“valve” would be a trans-catheter valve,. The appeal of 
this approach is undeniable and logical; however, the 
practical applications are still under considerable study. 
Conflicting data exists regarding the best approach for 
the management of a failing biologic valve. Even though 
the risks of repeat surgery can be substantial, many ex-
perienced centers can offer re-operative surgery with a 
risk profile similar to first-time valve replacement – and 
placement of a TAVR inside a failing biologic valve is also 
not without short and long-term risks. . Furthermore, 
there are concerns surrounding a reduction in the effec-
tive orifice areas and the development of patient-pros-
thesis mismatch after placement of a TAVR inside of a 
failing SAVR or TAVR valve. An area of growing excite-
ment is the role of valve “fracking” – a technique in 
which an existing bioprosthetic valve annular ring is 
“cracked” (or fracked) with a valvuloplasty balloon with 
the goal of enlarging the annular to thereby allow for 
implantation of a larger TAVR valve and reduce the risk 
of developing patient-prosthesis mismatch. While tech-
nically interesting and feasible, the clinical benefits – 
especially with current generation of biologic surgical 
valves – is unclear with little long-term data supporting 
this approach 

Choice of Valves
Historically, the choice of surgical valves consisted of bio-
logic (tissue) valves and mechanical valves. Mechanical 
valves required life-long anticoagulation and this was of-
ten unappealing to patients even after data suggested a 

potential survival advantage of mechanical valves in ap-
propriately selected patients. Biologic valves did not re-
quire long-term anticoagulation, but were associated 
with structural degeneration and the need for repeat 
interventions – often at significant risk as outlined above 
with younger patients experiencing valve degeneration 
much earlier than older patients. Many different types of 
tissue valves are currently available –porcine, bovine, ho-
mographs, stentless, sutureless, etc – and each has sub-
stantial literature supporting the advantages and disad-
vantages of each valve type. Much of the decision-making 
regarding the initial valve choice is extensively discussed 
with the development of “valve-in-valve” TAVR for failing 
tissue valve. Since the concept (as mentioned above) of 
“valve-in-a-valve” has altered the natural history of pa-
tients with biologic valves, there is growing enthusiasm 
for use in younger patients. As discussed above, concepts 
regarding strut design and annular cracking (or fracking) 
to increase the annular size to allow for larger replace-
ment valves under intense study. Similarly, the choice of 
transcatheter valve design – annular, supra-annular, self- 
vs balloon-expanding – is also the source extensive clini-
cal research and discussion. 

Durability and Cost
No discussion on TAVR vs SAVR would be complete with-
out recognizing the substantial costs associated with 
each therapy. Even though the costs and expenses vary 
depending on the specific structure and reimbursement 
models of a health-care system, there is conflicting evi-
dence regarding the short- and long-term costs of each 
therapy. TAVR valves are more expensive than SAVR – 
but patients can go home earlier, require less hospital-
based care, and require less rehabilitation resources. 
However, considering the needs for pacemakers, stroke 
management, and concomitant coronary disease, the 
data on costs, short and long-term overall is difficult to 
assess,. This concern is even more apparent in countries 
with limited resources and budgets that cannot justify 
the substantially more expensive valves – especially 
when other costs (such as in-patient and post-discharge 
rehabilitation) are potentially much less compared to 
countries, such as The United States. 

Conclusions
The topics that can be debated when comparing SAVR 
to TAVR is endless – and well beyond the scope of this 
review. However, the topics addressed above can serve 
as a foundation to illustrate some of the evolving con-
cerns regarding the widespread growth of both thera-
pies. It is important to remember that patient prefer-
ences – i.e. shared decision-making – can and should 
play a role in which therapy is offered, but providers 
must be objective and transparent with patients and 
their families so that “a best” decision can be make. 
Fortunately, the evolution of SAVR and TAVR has result-
ed in excellent options for patients – many of whom had 
none in the past – with the growing role of multi-disci-
plinary Heart Teams helping to guide patients. Never-
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theless, with the current trend towards less-invasive 
therapies – be it catheter-based or small incisions – it is 
imperative to rely on high quality, unbiased, objective 
data and guidelines because small and less-invasive 
does not always translate into better or safer (regardless 
of how such terms are defined).

References
1 	�� Forrest JK, Kaple RK, Tang GH, Yakubov SJ, Nazif TM, Williams MR, 

Zhang A, Popma JJ, Reardon MJ. Three generations of self-ex-
panding transcatheter aortic valves: a report from the STS/ACC 
TVT registry. JACC: Cardiovascular Intervent 2020;13(2):170-9. 

2 	� van Beek-Peeters JJ, van Noort EH, Faes MC, de Vos AJ, van Gel-
dorp MW, Minkman MM, van der Meer NJ. Shared decision mak-
ing in older patients with symptomatic severe aortic stenosis: a 
systematic review. Heart 2020;106(9):647-55.

3 	� Coylewright M, Forrest JK, McCabe JM, Nazif TM. TAVR in low-risk 
patients: FDA approval, the new NCD, and shared decision-mak-
ing. J Am Coll Cardiol 2020;75(10):1208-11.

4 	� Iung B, Baron G, Butchart EG, Delahaye F. Gohlke-Brwolf C, Levang 
OW, Tornos P, Vanoverschelde JL, Vermeer F, Boersma E, Ravaud 
P, Alec Vahanian. A prospective survey of patients with valvular 
heart disease in Europe: The Euro Heart Survey on Valvular Heart 
Disease. Eur Heart J 2003;24:1231-43.

5 	� Lester SJ, Heilbron B, Gin K, Dodek A, Jue J. The natural history 
and rate of progression of aortic stenosis. Chest 1998; 
113(4):1109-14.

6 	� Perera S, Wijesinghe N, Ly E, Devlin G, Pasupati S. Outcomes of 
patients with untreated severe aortic stenosis in real-world prac-
tice. NZ Med J 2011;124(1345):40-8.

7 	� Thourani VH, Suri RM, Gunter RL, Sheng S, O’Brien SM, Ailawadi 
G, Szeto WY, Dewey TM, Guyton RA, Bavaria JE, Babaliaros V. Con-
temporary real-world outcomes of surgical aortic valve replace-
ment in 141,905 low-risk, intermediate-risk, and high-risk pa-
tients. Ann Thoracic Surg 2015;99(1):55-61.

8 	� http://riskcalc.sts.org/stswebriskcalc/calculate
9 	� Holmes DR, Rich JB, Zoghbi WA, Mack MJ. The heart team of car-

diovascular care. J Am Coll Cardiol 2013;61(9):903-7.
10 	� Mack MJ, Leon MB, Smith CR, Miller DC, Moses JW, Tuzcu EM, 

Webb JG, Douglas PS, Anderson WN, Blackstone EH, Kodali SK. 
5-year outcomes of transcatheter aortic valve replacement or 
surgical aortic valve replacement for high surgical risk patients 
with aortic stenosis (PARTNER 1): a randomised controlled trial. 
Lancet 2015;385(9986):2477-84.

11 	� Gleason TG, Reardon MJ, Popma JJ, Deeb GM, Yakubov SJ, Lee JS, 
Kleiman NS, Chetcuti S, Hermiller JB, Heiser J, Merhi W. 5-Year 
outcomes of self-expanding transcatheter versus surgical aortic 
valve replacement in high-risk patients. J Am Coll Cardiol 
2018;72(22):2687-96.

12 	� Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O’Hair D, 
Bajwa T, Heiser JC, Merhi W, Kleiman NS, Askew J. Transcatheter 
aortic-valve replacement with a self-expanding valve in low-risk 
patients. N Engl J Med 2019;380(18):1706-15.

13 	� Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sønder-
gaard L, Mumtaz M, Adams DH, Deeb GM, Maini B, Gada H, Chet-
cuti S. Surgical or transcatheter aortic-valve replacement in inter-
mediate-risk patients. N Engl J Med 2017;376(14):1321-31.

14 	� Søndergaard L, Popma JJ, Reardon MJ, Van Mieghem NM, Deeb 
GM, Kodali S, George I, Williams MR, Yakubov SJ, Kappetein AP, 
Serruys PW. Comparison of a complete percutaneous versus sur-
gical approach to aortic valve replacement and revascularization 
in patients at intermediate surgical risk: results from the rand-
omized SURTAVI trial. Circulation 2019;140(16):1296-305.

15 	� Brennan JM, Thomas L, Cohen DJ, Shahian D, Wang A, Mack MJ, 
Holmes DR, Edwards FH, Frankel NZ, Baron SJ, Carroll J. Transcath-
eter versus surgical aortic valve replacement: propensity-
matched comparison. J Am Coll Cardiol 2017;70(4):439-50.

16 	� Witberg G, Lador A, Yahav D, Kornowski R. Transcatheter versus 
surgical aortic valve replacement in patients at low surgical risk: 
a metaanalysis of randomized trials and propensity score 
matched observational studies. Cath Cardiovasc Interven 

2018;92(2):408-16.
17 	� Takagi H, Mitta S, Ando T, ALICE (All?Literature Investigation of 

Cardiovascular Evidence) group. Long?term survival after tran-
scatheter versus surgical aortic valve replacement for aortic ste-
nosis: A meta?analysis of observational comparative studies with 
a propensity score analysis. Cath Cardiovasc Interven 
2018;92(2):419-30.

18 	� Saleem S, Younas S, Syed MA. Meta-analysis comparing tran-
scatheter aortic valve implantation to surgical aortic valve re-
placement in low surgical risk patients. Am J Cardiol 
2019;124(8):1257-64.

19 	� Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, 
Kapadia SR, Malaisrie SC, Cohen DJ, Pibarot P, Leipsic J. Transcath-
eter aortic-valve replacement with a balloon-expandable valve in 
low-risk patients. N Engl J Med 2019;380(18):1695-705.

20 	� Shahim B, Malaisrie SC, George I, Thourani V, Russo M, Biviano A, 
Mack M, Brown DL, Babaliaros V, Guyton R, Kodali S. TCT CON-
NECT-468 Postoperative Atrial Fibrillation or Flutter Following 
Transcatheter or Surgical Aortic Valve Replacement for Severe 
Aortic Stenosis in Patients at Low Surgical Risk: An Analysis From 
the PARTNER 3 Trial. J Am Coll Cardiol 2020;76(17 Suppl S):B200-.

21 	� Finkelstein A, Rozenbaum Z, Halkin A, Banai S, Bazan S, Barbash 
I, Segev A, Fefer P, Maor E, Danenberg H, Planner D. Outcomes of 
transcatheter aortic valve implantation in patients with low ver-
sus intermediate to high surgical risk. Am J Cardiol 2019; 
123(4):644-9.

22 	� Klautz RJ, Kappetein AP, Lange R, Dagenais F, Labrousse L, Bapat 
V, Moront M, Misfeld M, Zeng C, Sabik III JF, PERIGON Investiga-
tors. Safety, effectiveness and haemodynamic performance of a 
new stented aortic valve bioprosthesis. Eur J Card Thoracic Surg 
2017;52(3):425-31.

23 	� Coylewright M, Forrest JK, McCabe JM, Nazif TM. TAVR in low-risk 
patients: FDA approval, the new NCD, and shared decision-mak-
ing. J Am Coll Cardiol 2020;75(10):1208-11.

24 	� Mentias A, Girotra S, Desai MY, Horwitz PA, Rossen JD, Saad M, 
Panaich S, Kapadia S, Sarrazin MV. Incidence, predictors, and out-
comes of endocarditis after transcatheter aortic valve replace-
ment in the United States. Cardiovasc Interven 2020; 
13(17):1973-82.

25 	� Bhardwaj B, Cohen DJ, Vemulapalli S, Kosinski AS, Xiang Q, Li Z, 
Allen KB, Kapadia S, Aggarwal K, Sorajja P, Chhatriwalla AK. Out-
comes of transcatheter aortic valve replacement for patients with 
severe aortic stenosis and concomitant aortic insufficiency: In-
sights from the TVT Registry. Am Heart J  2020;228:57-64.

26 	� Halim SA, Edwards FH, Dai D, Li Z, Mack MJ, Holmes DR, Tuzcu EM, 
Thourani VH, Harrison JK, Brennan JM. Outcomes of transcath-
eter aortic valve replacement in patients with bicuspid aortic 
valve disease: a report from the Society of Thoracic Surgeons/
American College of Cardiology Transcatheter Valve Therapy Reg-
istry. Circulation 2020;141(13):1071-9.

27 	� Guyton RA, Padala M. Transcatheter Aortic Valve Replacement in 
Bicuspid Aortic Stenosis: Early Success But Concerning Red Flags. 
JACC. Cardiovascular interven 2016;9(8):825.

28 	� Vindhyal MR, Ndunda P, Khayyat S, Boppana VS, Fanari Z. Trans-
catheter aortic valve replacement and surgical aortic valve re-
placement outcomes in patients with dialysis: systematic review 
and meta-analysis. Cardiovasc Revascul Med 2019;20(10):852-7.

29 	� Yongue C, Lopez DC, Soltesz EG, Roselli EE, Bakaeen FG, Gillinov 
AM, Pettersson GB, Semple ME, Rajeswaran J, Tong MZ, Jaber W. 
Durability and Performance of 2,298 Trifecta Aortic Valve Pros-
theses: A Propensity-Matched Analysis. Ann Thoracic Surg 2020 
Oct 1; in press

30 	� Meco M, Miceli A, Montisci A, Donatelli F, Cirri S, Ferrarini M, Lio 
A, Glauber M. Sutureless aortic valve replacement versus tran-
scatheter aortic valve implantation: a meta-analysis of compara-
tive matched studies using propensity score matching. Interactive 
Cardiovasc Thoracic Surg 2018;26(2):202-9.

31 	� Subramani S, Arora L, Krishnan S, Hanada S, Sharma A, Ramakrish-
na H. Analysis of Conduction Abnormalities and Permanent Pace-
maker Implantation After Transcatheter Aortic Valve Replace-
ment. J Cardiothoracic Vasc Anesthesia 2020;34(4):1082-93.

32 	� Fujita B, Schmidt T, Bleiziffer S, Bauer T, Beckmann A, Bekeredjian 
R, Möllmann H, Walther T, Landwehr S, Hamm C, Beyersdorf F. 



101

Impact of new pacemaker implantation following surgical and 
transcatheter aortic valve replacement on 1-year outcome. Eur J 
Cardio-Thoracic Surg 2020;57(1):151-9.

33 	� Lilly SM, Deshmukh AJ, Epstein AE, Ricciardi MJ, Shreenivas S, 
Velagapudi P, Wyman JF, Writing Committee. 2020 ACC Expert 
Consensus Decision Pathway on Management of Conduction Dis-
turbances in Patients Undergoing Transcatheter Aortic Valve Re-
placement: A Report of the American College of Cardiology Solu-
tion Set Oversight Committee. J Am Coll Cardiol 2020 Oct 21; in 
press

34 	� Mazzella AJ, Hendrickson MJ, Arora S, Sanders M, Li Q, Vavalle JP, 
Gehi AK. Shifting Trends in Timing of Pacemaker Implantation 
After Transcatheter Aortic Valve Replacement. Cardiovasc Inter-
ven 2020 Nov 9; in press

35 	� Stein L, Thaler A, Liang JW, Tuhrim S, Dhamoon AS, Dhamoon MS. 
Intermediate?Term Risk of Stroke Following Cardiac Procedures 
in a Nationally Representative Data Set. J Am Heart Assoc 
2017;6(12):e006900.

36 	� Stein LK, Thaler A, Liang JW, Tuhrim S, Dhamoon AS, Dhamoon 
MS. Intermediate Risk of Stroke Following Cardiac Procedures in 
a Nationally Representative Dataset. InANNALS OF NEUROLOGY 
2017 Oct 1 (Vol. 82, pp. S49-S49). 111 RIVER ST, HOBOKEN 07030-
5774, NJ USA: WILEY.

37 	� Giustino G, Sorrentino S, Mehran R, Faggioni M, Dangas G. Cer-
ebral embolic protection during TAVR: a clinical event meta-anal-
ysis. J Am Coll Cardiol 2017;69(4):465-6.

38 	� Ndunda PM, Vindhyal MR, Muutu TM, Fanari Z. Clinical outcomes 
of sentinel cerebral protection system use during transcatheter 
aortic valve replacement: a systematic review and meta-analysis. 
Cardiovasc Revasc Med 2020;21(6):717-22.

39 	� Haussig S, Mangner N, Dwyer MG, Lehmkuhl L, Lücke C, Woitek 
F, Holzhey DM, Mohr FW, Gutberlet M, Zivadinov R, Schuler G. 
Effect of a cerebral protection device on brain lesions following 
transcatheter aortic valve implantation in patients with severe 
aortic stenosis: the CLEAN-TAVI randomized clinical trial. JAMA 
2016;316(6):592-601.

40 	� Alkhouli M, Alqahtani F, Harris AH, Hohmann SF, Rihal CS. Early 
Experience With Cerebral Embolic Protection During Transcath-
eter Aortic Valve Replacement in the United States. JAMA internal 
medicine 2020;180(5):783-4.

41 	� Pollari F, Dell'Aquila AM, Söhn C, Marianowicz J, Wiehofsky P, 
Schwab J, Pauschinger M, Hitzl W, Fischlein T, Pfeiffer S. Risk fac-
tors for paravalvular leak after transcatheter aortic valve replace-
ment. J Thoracic Cardiovasc Surg 2019;157(4):1406-15.

42 	� Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, 
Thourani VH, Tuzcu EM, Miller DC, Herrmann HC, Doshi D. Tran-
scatheter or surgical aortic-valve replacement in intermediate-
risk patients. N Engl J Med 2016;374(17):1609-20.

43 	� Alkhouli M, Sarraf M, Maor E, Sanon S, Cabalka A, Eleid MF, Hagler 
DJ, Pollak P, Reeder G, Rihal CS. Techniques and outcomes of per-
cutaneous aortic paravalvular leak closure. JACC: Cardiovascular 
Interven 2016;9(23):2416-26.

44 	� Martin AK, Mohananey D, Ranka S, Riha H, Núñez-Gil IJ, Ram-
akrishna H. The 2017 European Society of Cardiology (ESC)/Euro-
pean Association of Cardiothoracic Surgeons (EACTS) Guidelines 
for Management of Valvular Heart Disease—Highlights and Perio-
perative Implications. J Cardiothoracic Vasc Anesthesia 
2018;32(6):2810-6.

45 	� Bing R, Cavalcante JL, Everett RJ, Clavel MA, Newby DE, Dweck 
MR. Imaging and impact of myocardial fibrosis in aortic stenosis. 
JACC: Cardiovasc Imaging 2019;12(2):283-96.

46 	� Dahl JS, Magne J, Pellikka PA, Donal E, Marwick TH. Assessment 
of subclinical left ventricular dysfunction in aortic stenosis. JACC: 
Cardiovasc Imaging 2019;12(1):163-71.

47 	� Khan JM, Greenbaum AB, Babaliaros VC, Rogers T, Eng MH, Paone 
G, Leshnower BG, Reisman M, Satler L, Waksman R, Chen MY. The 
BASILICA trial: prospective multicenter investigation of inten-
tional leaflet laceration to prevent TAVR coronary obstruction. 
JACC: Cardiovasc Interventions 2019;12(13):1240-52.

48 	� El-Haddad H, Resar J. Stenting the snorkel: PCI of a restenosed left 
main stent placed for coronary obstruction after valve in valve 
TAVR. J Struct Heart Dis 2019;5(2):48-51.

49 	� Voudris KV, Petropulos P, Karyofillis P, Charitakis K. Timing and 
outcomes of PCI in the TAVR era. Curr Treat Options Cardiovasc 
Med 2018;20(3):22.

50 	� Faroux L, Campelo-Parada F, Munoz-Garcia E, Nombela-Franco L, 
Fischer Q, Donaint P, Serra V, Veiga G, Gutiérrez E, Vilalta V, Alperi 
A. Procedural Characteristics and Late Outcomes of Percutaneous 
Coronary Intervention in the Workup Pre-TAVR. JACC: Cardiovasc 
Interven 2020 Oct 14.

51 	� Tarus A, Tinica G, Bacusca A, Artene B, Popa IV, Burlacu A. Coro-
nary revascularization during treatment of severe aortic stenosis: 
A meta?analysis of the complete percutaneous approach (PCI 
plus TAVR) versus the complete surgical approach (CABG plus 
SAVR). J Cardiac Surg 2020;35(8):2009-16.

52 	� Goldstone AB, Chiu P, Baiocchi M, Lingala B, Patrick WL, Fischbein 
MP, Woo YJ. Mechanical or biologic prostheses for aortic-valve 
and mitral-valve replacement. N Engl J Med 2017; 
377(19):1847-57.

53 	� Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin JP, Fleish-
er LA, Jneid H, Mack MJ, McLeod CJ, O’Gara PT, Rigolin VH. 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(2):252-89.

54 	� Saxon JT, Allen KB, Cohen DJ, Whisenant B, Ricci J, Barb I, Gafoor 
S, Harvey J, Dvir D, Chhatriwalla AK. Complications of biopros-
thetic valve fracture as an adjunct to valve-in-valve TAVR. Struc-
tural Heart 20194;3(2):92-9.

55 	� Kytö V, Sipilä J, Ahtela E, Rautava P, Gunn J. Mechanical versus bio-
logic prostheses for surgical aortic valve replacement in patients 
aged 50 to 70. Ann Thoracic Surg 2020 Jul 1;110(1):102-10.

56 	� James TM, Stamou SC, Rothenberg M, Nores MA. Transcatheter 
aortic valve in valve implantation with bioprosthetic valve frac-
ture. Cath Cardiovasc Interven 2019;93(6):1170-2.

57 	� Armoiry X, Obadia JF, Iung B, Polazzi S, Duclos A. Clinical outcomes 
and direct costs after transcatheter aortic valve implantation in 
French centres: a longitudinal study of 1332 patients using a na-
tional database. Interactive cardiovascular and thoracic surgery. 
Interact Cardiovasc Thoracic Surg 2016;23(6):883-8.

58 	� Baron SJ, Wang K, House JA, Magnuson EA, Reynolds MR, Makkar 
R, Herrmann HC, Kodali S, Thourani VH, Kapadia S, Svensson L. Cost-
effectiveness of transcatheter versus surgical aortic valve replace-
ment in patients with severe aortic stenosis at intermediate risk: 
results from the PARTNER 2 trial. Circulation 2019;139(7):877-88.



102

Sažetak
Evolucija lečenja aortne stenoze – pogled hirurga
Michael S. Firstenberg, William M. Novick
William Novick Global Cardiac Alliance
Univerzitet: Tennessee Health Science Center - Global Surgery Institute

Tokom poslednjih 10 godina došlo je do značajnog pomaka u načinu lečenja bolesti aortne valvule. Razvoj terapija 
zasnovanih na kateterima, posebno zamene trans-aortnog zaliska (TAVR), ponudio je mogućnosti lečenja za paci-
jente kod kojih je operacija (SAVR) ranije bila jedina opcija. Globalni rast upotrebe TAVR-a bio je izuzetan i prihvaćen 
sa puno entuzijazma. Međutim, takav rast nije prošao bez značajnih kontroverzi i troškova. Korišćenje “Tima za 
srce” za pomoć u proceni i lečenju pacijenata sa bolestima aortnog zaliska predstavlja važan korak u pokušaju da 
se specifične opcije terapije usklade sa jedinstvenim karakteristikama pacijenta - međutim, važno je prepoznati da 
su terapije zasnovane na kateterima još uvek relativno nova, u stalnoj evoluciji i potencijalno pod uticajem značaj-
nih sukoba interesa. Iako je utvrđena uloga TAVR-a kod pacijenata sa visokim ili neprihvatljivim hirurškim rizikom, 
uloga kod pacijenata sa niskim i srednjim rizikom je nejasna i potencijalno kontroverzna s obzirom na neke nedo-
umice da kratkoročne koristi u poređenju sa tradicionalnim hirurškim terapijama možda neće rezultirati trajnim 
dugoročnim ishodom i odsustvom teških neželjenih događaja i ponovnih intervencija. Literatura o ovoj temi je 
opsežna i cilj ovog pregleda je da pokrene neke od dilema u vezi sa prednostima TAVR-a u odnosu na SAVR, poseb-
no u kontekstu da li bi ovu izuzetno skupu terapiju trebalo smatrati novim globalnim standardom nege.

Ključne reči: aortna stenoza, poremećaj aortnog valvule, operacija srca, “tim za srce”, strukturne terapije srca, 
transkateterske terapije


