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Abstract

“Aortic stenosis” (AS) is a cardiac condition in which the aorta narrows down which creates a
hindrance to the flow of blood. This ultimately leads to increased pressure in the left ventricle which
increases the risk of heart failure. Aortic stenosis was previously managed as Surgical Aortic Valve
Replacement which was the gold standard till the previous decade. Recently, a more innovative
approach, Transcatheter Aortic Valve Replacement (TAVR) is used. The goal of both these treatment
methods is to replace the dysfunctional valve with a functional substitute. TAVR has been shown to
be a better alternative to SAVR. However, there is a scarcity of research comparing the outcomes of
TAVR and SAVR. Limited research is available on the comparison between TAVR and SAVR. The
purpose of this review article is to compare the outcomes of TAVR vs SAVR in various studies.

Introduction
Aortic stenosis is a coronary condition in which there is obstruction to the blood flow in the aorta. It
affects almost 3% of the population older than 65 years, survival rate is more in asymptomatic
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patients. It decreases rapidly after symptoms appear. This is because of compensation by left
ventricular hypertrophy and atrial augmentation of preload in the asymptomatic phase. As the disease
progresses, these compensatory mechanisms fail, leading to appearance of symptoms of heart failure,
angina, or syncope (1). Treatment of aortic stenosis is aortic valve replacement, conventionally
Surgical Aortic Valve Stenosis was performed. Currently, Transcatheter Aortic Valve Replacement
is preferred. In 2012, FDA approved the use of TAVR in high risk patients (2). TAVR is performed
under direct visualisation with fluoroscopy or transesophageal echocardiogram (TEE) guidance. The
most preferred approach is the transfemoral approach which is least invasive. If not feasible, the
procedure can be performed by subclavian, apical or trans-aortic approaches which are more invasive.
Two types of valves are approved by the FDA, the SAPIEN valve and the CORE valve. The SAPIEN
valves are made of bovine pericardial tissue and a chromium cobalt alloy frame and are balloon
expandable. The newest generation of CORE valves is the EVOLUT-R which is composed of porcine
tissue and a nitinol frame. It does not not require balloon expansion (self-expandable) and has the
ability for repositioning after deployment (2). Surgical Aortic Valve Replacement involves the use of
a heart lung machine to stop the heart and access the aortic valve. Traditionally median sternotomy
was performed as it allows complete access to the cardiac structures (3). There is also a parasternal
approach but it is avoided because of chest wall hernias (4). Other methods include the right mini
thoracotomy approach by Benetti (5) and the mini sternotomy approach by Gundry (6). Possible
complications associated with TAVR range from the need for a permanent pacemaker, to vascular
injury, stroke, annular rupture, paravalvular leak, bleeding, left ventricular perforation, acute
myocardial infarction, cardiac tamponade, acute kidney injury, infection, hypotension, and death
(2)(7). Post SAVR complications include life-threatening or disabling bleeding, encephalopathy,
atrial fibrillation, acute kidney injury, aortic dissection, and injury to other heart structures because of
greater invasiveness (8). This review aims to analyse recent studies published on PubMed, to compare
the effectiveness of TAVR and SAVR based on patient outcomes, procedural complications, and
long-term survival.

Methodology

Data Sources and Search Strategy

To conduct this comprehensive review, we searched the PubMed database for relevant articles
published up to May, 2024. The keywords included “ Transcatheter Aortic Valve Replacement”, *
Surgical Aortic Valve Replacement”, “ Aortic Stenosis”, “ TAVR” and “ SAVR” . Boolean
expressions (AND, OR) were used to refine the search. The search was limited to articles published

in English and involving human subjects only.

Inclusion Criteria

- Patients with severe aortic stenosis or aortic insufficiency
- Patients undergoing TAVR or SAVR for the first time

- Age > 18 years

- Patients with complete medical records and follow-up data

Exclusion Criteria

- Patients with concomitant cardiac procedures (e.g., coronary artery bypass grafting, mitral valve
repair)

- Patients with active endocarditis or cardiac tumor

- Pregnant or breastfeeding women

- Patients with severe comorbidities (e.g., advanced kidney disease, liver disease)

- Patients with incomplete medical records or missing follow-up data
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Study Selection

Initial search presented 1245 articles. After removing the duplicates, 975 articles left. Two reviewers
(R1 and R2) screened the title and abstract of the articles according to the inclusion and exclusion
criteria after which 146 articles were found to be potentially eligible and underwent full text review.
In the end, 54 articles met all the criteria and were included in the review.

Quality Assessment

The methodological quality of the studies was assessed using Newcastle Ottawa Scale (NOS) for
observational studies and Cochrane Risk of Bias Tool for RCTs.

Review

Patient Outcomes

Mortality and Survival Rates

TAVR has proven to be more advantageous over SAVR in terms of mortality and survival rates,
various studies have concluded that TAVR has more survival rate and less mortality rate as compared
to SAVR. According to Fusari et al. (9), morbidity and mortality rates associated with TAVR are less
as compared to those of SAVR. They included 187 patients out of which 81 were treated with SAVR
and 106 were treated with TAVR. There were fewer ICU cases after TAVR. TAVR resulted in
significant mean aortic gradient reduction and increased functionality (higher than SAVR). Although
for the first year, survival was comparable between TAVR and SAVR , at later follow-up, there were
significantly higher deaths because of cardiac reasons in SAVR. According to Smith (10), 30-day
mortality rates in TAVR are less than SAVR. They randomly assigned 699 high risk patients of aortic
stenosis to undergo either TAVR or SAVR and found that the 30-days mortality rate in TAVR was
3.4 % as compared to 6.5 % in SAVR. The mortality rate after 1 year was 24.2% and 26.8%,
respectively. They concluded that both valve replacement procedures had similar survival rates at 1
year, indicating TAVR as a viable alternative to SAVR. Mack et al. (11) conducted a similar study in
2019. They randomly assigned patients with severe aortic stenosis with low surgical risk to undergo
either TAVR or SAVR. The primary endpoint was composite of death, stroke or hospitalisation. They
found that the rate of the primary composite endpoint at 1 year in the TAVR group was significantly
lower than the SAVR group (8.5% vs. 15.1%). At 30 days, TAVR had a lower rate of stroke and lower
rates of new-onset atrial fibrillation. TAVR also had a lower risk of a poor treatment outcome at 30
days (11). Khan et al. compared the efficacy of TAVR and SAVR. They extracted data from various
reputable academic sources and primarily focused on assessing the mortality rates of the two
procedures at 30 days and 12 months intervals (12). According to them, there was a 40.1% lesser risk
of 30-days all-cause mortality in the TAVR approach.

Quality of Life and Functional Status

Researches suggest quality of life and achievement of functionality following TAVR is better than
after SAVR. Fliegner et al. found that short term improvement was rapid post TAVR as compared to
SAVR (13). They used HRQOL as a measure of recovery of the patient including the Medical
Outcomes Survey Short-Form 36 (SF-36) (14), the Barthel Index (to measure functional status), self-
reported perception of quality of life (QoL), and the EuroQoL (EQ-5D) (15). Using these instruments
they found that TAVR is beneficial over SAVR at 1 month follow up. Similarly, Reynolds et al.
conducted a study that measured HRQOL among high-risk patients after TAVR and SAVR and found
that improvements in HRQOL after one year were similar in both (16). After 1-month follow-up,
transfemoral-TAVR patients showed clinically relevant improvements in HRQOL as compared with
SAVR (16). Quality of life studies of the PARTNER 2 cohort A clinical trials showed similar results,
1-month HRQOL benefits were significantly better for TF-TAVR than for SAVR patients, however,
long term 1 and 2 years benefits for TAVR and SAVR were no different (17). Makkar et al. conducted
a follow up study for 5 years, they selected 2037 patients with severe aortic stenosis and randomly
assigned them to undergo TAVR or SAVR (18). The patients’ ECG and health-status outcomes were
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followed for 5 years. They concluded that in the long term, after 5 years, there was no significant
difference in the mortality rates of the TAVR group and the SAVR group (18). Baron et al. reported
that TAVR resulted in greater QoL improvements in the short term, and long term over SAVR at 1, 6
and 12 months (19). They studied 1000 low risk patients with severe aortic stenosis who randomly
underwent TAVR or SAVR and found that TAVR was associated with meaningful early and late
health status benefits as compared with SAVR.

Procedural Complications

Vascular and Conduction Complications

According to Conte (8), vascular complications were higher in TAVR. Research suggests the most
common vascular complications are vessel dissection, rupture, formation of pseudoaneurysms, and
access site hematoma (20) (21). Mack et al. suggest that there is no significant difference in vascular
complications between both groups (11). According to Lou et al. (22), TAVR has a higher associated
risk of reintervention, major vascular complication, paravalvular leak, and PPM. Many studies suggest
that TAVR increases the risk of permanent pacemakers. Lou et al. (22) found that the incidence of
PPM in TAVR was 14.7% vs. 5.6% in the SAVR group. Saia et al. conducted a study on 73 patients
who underwent TAVR, and found that 28.3% of the patients required PPM post TAVR (23).

Bleeding Complications

Studies suggest that SAVR is associated with more bleeding because of greater invasiveness.
Généreux et al. (24) conducted a study to identify bleeding complications after SAVR and TAVR.
They concluded that among high-risk patients enrolled in the PARTNER | randomised trial, bleeding
complications were more common after SAVR than after TAVR and resulted in poor prognosis.
Similarly, Lou reported 17 % incidence of bleeding after in TAVR vs 44.3 % in the SAVR group.

Stroke and Acute Kidney Injury

According to the literature comparing TAVI vs. SAVR in patients with severe aortic stenosis , the
risk of stroke with TAVI was lower. Siemieniuk et al. (25) in their systemic review concluded that
transfemoral (TF) TAVR is more beneficial as compared to SAVR because of low risk of stroke, atrial
fibrillation and acute kidney injury. However, SAVR is more beneficial as compared to transapical
(TA) TAVR in terms of these factors. Compared with SAVR, transfemoral TAVR had reduced risk
of stroke (-20, -37 to 1, moderate certainty), atrial fibrillation (-178, -150 to -203, moderate certainty),
and acute kidney injury (-53, -39 to -62, high certainty). Compared with SAVR, transapical TAVI
had higher risk of stroke (45, -2 to 125, moderate certainty) (25). Similarly, Khan et al. (12) found
that patients who underwent TAVR had a 36% reduced risk of 30-day stroke incidence RR 0.64 (95%
Cl: 0.38 - 1.9, P = 0.10) and 56% reduced risk of acute kidney injury, RR 0.43 (95% CI: 0.35 - 0.54,
P <0.001).

Cost of treatment

According to Baron et al. , the total procedural cost of TAVR is approximately 20,000 $ more than
SAVR (26). However, breaking down the cost on the basis of types of valves used, index
hospitalisation for Sapien XT valve TAVR is $2,888 higher, and for Sapien 3 valve TAVR is $4,155
lower. With reduced hospital stay durations and follow up needs, TAVR reduces the lifetime cost by
8000-10000% while increasing the quality adjusted survival by 0.15 to 0.27 years (26). Hence TAVR
IS proving to be more cost effective than SAVR.

Hospital stay and Rehospitalization

Many studies suggest that the length of stay, LOS of TAVR is less than SAVR. In 2012, a study found
that the mean LOS for TF-TAVR was 6 days less than SAVR (27). In another study, Brescia found
that LOS for TAVR was shorter as compared to SAVR (6.2 = 5.6 for TAVR vs 10.2 + 7.5 days for
SAVR) (28). A 2020 suggested similar result concluding that TAVR had “significantly shorter
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(median) LOS " at six days, compared with SAVR’s eight days (29). Despite shorter LOS, the
readmission rates of TAVR are higher than SAVR (30). According to this study, 17.9 % of patients
after TAVR were readmitted to hospital within 30 days. Goldsweig et al., (31) found that the average
number of unplanned admission days for SAVR was 2.0 and for TAVR was 3.0.

Conclusion

Both TAVR and SAVR approaches have their advantages and limitations. TAVR offers lesser
mortality risk, lesser bleeding, stroke and kidney complications, and improved quality of life, thus is
a better option for high risk patients. However, SAVR still remains a robust option with lower risk of
vascular and conduction complications. Ongoing advancements in TAVR technology will be crucial
in improving outcomes.

References
1. Grimard BH, Safford RE, Burns EL. Aortic Stenosis: Diagnosis and Treatment. American Family
Physician [Internet]. 2016 Mar 1;93(5):371-8. Available from:

https://pubmed.ncbi.nlm.nih.gov/26926974/

2. Mahmaljy H, Tawney A, Young M. Transcatheter Aortic Valve Replacement [Internet]. PubMed.
Treasure Island (FL): StatPearls Publishing; 2023. Available from:
https://www.ncbi.nIm.nih.gov/books/NBK431075/#:~:text=1n%202002%2C%20Dr.

3. Ramlawi B, Ramchandani M, Reardon MJ. Surgical Approaches to Aortic Valve Replacement
and Repair—Insights and Challenges. Interventional Cardiology Review. 2011;9(1):32.

4. Cosgrove DM, Sabik JF. Minimally invasive approach for aortic valve operations. The Annals of
Thoracic Surgery [Internet]. 1996 Aug 1 [cited 2024 May 31];62(2):596—7. Available from:
https://pubmed.ncbi.nlm.nih.gov/8694642/

5. Benetti FJ, Mariani MA, Rizzardi JL, Benetti I. Minimally invasive aortic valve replacement. The
Journal of Thoracic and Cardiovascular Surgery. 1997 Apr;113(4):806—7.

6. Gundry SR, Shattuck OH, Razzouk AJ, Rio MJ del, Sardari FF, Bailey LL. Facile Minimally
Invasive Cardiac Surgery via Ministernotomy. The Annals of Thoracic Surgery [Internet]. 1998
Apr 1 [cited 2020 Nov 20];65(4):1100-4. Available from:
https://www.annalsthoracicsurgery.org/article/S0003-4975(98)00064-2/fulltext

7. Vallabhajosyula P, Bavaria JE. Transcatheter aortic valve implantation: complications and
management. The Journal of Heart Valve Disease [Internet]. 2011 Sep 1;20(5):499-5009.
Available from: https://pubmed.ncbi.nlm.nih.gov/22066353/

8. Conte JV, Hermiller J, Resar JR, Deeb GM, Gleason TG, Adams DH, et al. Complications After
Self-expanding Transcatheter or Surgical Aortic Valve Replacement. Seminars in Thoracic and
Cardiovascular Surgery. 2017;29(3):321-30.

9. Fusari M, Bona V, Muratori M, Salvi L, Salis S, Tamborini G, et al. Transcatheter vs. surgical
aortic valve replacement. Journal of Cardiovascular Medicine. 2012 Apr;13(4):229-41.

10. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, et al. Transcatheter versus
Surgical Aortic-Valve Replacement in High-Risk Patients. New England Journal of Medicine.
2011 Jun 9;364(23):2187-98.

11. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al. Transcatheter Aortic-
Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients. New England
Journal of Medicine. 2019 May 2;380(18):1695-705.

12. Muhammad Shayan Khan, Mir T, Ullah W, Ali Z, Idris O, Khan G, et al. Comparing
Transcatheter Aortic Valve Replacement (AVR) With Surgical AVR in Lower Risk Patients: A
Comprehensive Meta-Analysis and Systematic Review. Cardiology research. 2020 Jan
1;11(3):168-78.

13. Fliegner MA, Devraj Sukul, Thompson MP, Shah N, Reza M, McCullough JS, et al. Evaluating
treatment-specific post-discharge quality-of-life and cost-effectiveness of TAVR and SAVR:
Current practice & future directions. 1JC Heart & Vasculature. 2021 Oct 1;36:100864—4.

Vol.31 N0.06 (2024): JPTCP (1411 - 1417) Page [ 1415


https://jptcp.com/index.php/jptcp/issue/view/79

Comparative Effectiveness Of Transcatheter Aortic Valve Replacement (Tavr) Versus Surgical Aortic Valve
Replacement (Savr): A Comprehensive Review

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Jansen W, Nierich AP, Peelen LM, Brandon GJ, Dambrink JHE, Karel G.M. Moons, et al.
Survival and quality of life after surgical aortic valve replacement in octogenarians. Journal of
Cardiothoracic Surgery. 2016 Mar 19;11(1).

Silvia Marta Oliveira, Ana Sofia Correia, MILENA GOUVEIA PAIVA, Gongalves A, Pereira
M, Alves E, et al. Long-Term Survival, Autonomy, and Quality of Life of Elderly Patients
Undergoing Aortic Valve Replacement. Journal of Cardiac Surgery. 2011 Dec 28;27(1):20-3.
Reynolds MR, Magnuson EA, Wang K, Thourani VH, Williams M, Zajarias A, et al. Health-
Related Quality of Life After Transcatheter or Surgical Aortic Valve Replacement in High-Risk
Patients With Severe Aortic Stenosis. Journal of the American College of Cardiology. 2012
Aug;60(6):548-58.

Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, et al. Transcatheter or
Surgical Aortic-Valve Replacement in Intermediate-Risk Patients. New England Journal of
Medicine. 2016 Apr 28;374(17):1609-20.

Makkar RR, Thourani VH, Mack MJ, Kodali SK, Kapadia S, Webb JG, et al. Five-Year
Outcomes of Transcatheter or Surgical Aortic-Valve Replacement. New England Journal of
Medicine. 2020 Feb 27;382(9):799-809.

Baron SJ, Magnuson EA, Lu M, Wang K, Chinnakondepalli K, Mack M, et al. Health Status
After Transcatheter Versus Surgical Aortic Valve Replacement in Low-Risk Patients With Aortic
Stenosis. Journal of the American College of Cardiology [Internet]. 2019 Dec 10;74(23):2833-
42. Available from: https://www.ncbi.nlm.nih.gov/pubmed/31577923

Mach M, Okutucu S, Kerbel T, Arjomand A, Fatihoglu SG, Werner P, et al. Vascular
Complications in TAVR: Incidence, Clinical Impact, and Management. Journal of Clinical
Medicine [Internet]. 2021 Oct 28 [cited 2022 Apr 23];10(21):5046. Awvailable from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8584339/

Virtanen MPO, Eskola M, Jalava MP, Husso A, Laakso T, Niemela M, et al. Comparison of
Outcomes After Transcatheter Aortic Valve Replacement vs Surgical Aortic Valve Replacement
Among Patients With Aortic Stenosis at Low Operative Risk. JAMA Network Open. 2019 Jun
14;2(6):195742.

Lou Y, Gao Y, Yu Y, LiY, Xi Z, Swe KNC, et al. Efficacy and Safety of Transcatheter vs.
Surgical Aortic Valve Replacement in Low-to-Intermediate-Risk Patients: A Meta-Analysis.
Frontiers in Cardiovascular Medicine. 2020 Nov 16;7.

Saia F, Lemos PA, Bordoni B, Cervi E, Boriani G, Ciuca C, et al. Transcatheter aortic valve
implantation with a self-expanding nitinol bioprosthesis: prediction of the need for permanent
pacemaker using simple baseline and procedural characteristics. Catheterization and
Cardiovascular Interventions: Official Journal of the Society for Cardiac Angiography &
Interventions [Internet]. 2012 Apr 1 [cited 2024 Jun 1];79(5):712-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/22109957/

Généreux P, Cohen DJ, Williams MR, Mack M, Kodali SK, Svensson LG, et al. Bleeding
Complications After Surgical Aortic Valve Replacement Compared With Transcatheter Aortic
Valve Replacement. Journal of the American College of Cardiology [Internet]. 2014 Mar [cited
2019 Oct 24];63(11):1100-9. Available from:
https://ahs.pure.elsevier.com/en/publications/bleeding-complications-after-surgical-aortic-
valve-replacement-co

Siemieniuk RA, Agoritsas T, Manja V, Devji T, Chang Y, Bala MM, et al. Transcatheter versus
surgical aortic valve replacement in patients with severe aortic stenosis at low and intermediate
risk: systematic review and meta-analysis. BMJ [Internet]. 2016 Sep 28;i5130. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5040923/

Baron SJ, Wang K, House JA, Magnuson EA, Reynolds MR, Makkar R, et al. Cost-Effectiveness
of Transcatheter Versus Surgical Aortic Valve Replacement in Patients With Severe Aortic
Stenosis at Intermediate Risk. Circulation. 2019 Feb 12;139(7):877-88.

Vol.31 N0.06 (2024): JPTCP (1411 - 1417) Page | 1416


https://jptcp.com/index.php/jptcp/issue/view/79

Comparative Effectiveness Of Transcatheter Aortic Valve Replacement (Tavr) Versus Surgical Aortic Valve
Replacement (Savr): A Comprehensive Review

217.

28.

29.

30.

31.

Reynolds MR, Magnuson EA, Lei Y, Wang K, Vilain K, Li H, et al. Cost-Effectiveness of
Transcatheter Aortic Valve Replacement Compared With Surgical Aortic Valve Replacement in
High-Risk Patients With Severe Aortic Stenosis. Journal of the American College of Cardiology.
2012 Dec;60(25):2683-92.

Brescia AA, Syrjamaki JD, Regenbogen SE, Paone G, Pruitt AL, Shannon FL, et al. Transcatheter
Versus Surgical Aortic Valve Replacement Episode Payments and Relationship to Case VVolume.
The Annals of Thoracic Surgery. 2018 Dec;106(6):1735-41.

Abugroun A, Osman M, Awadalla S, Klein LW. Outcomes of Transcatheter Aortic Valve
Replacement With Percutaneous Coronary Intervention versus Surgical Aortic Valve
Replacement With Coronary Artery Bypass Grafting. The American Journal of Cardiology. 2020
Dec;137:83-8.

Dhaval Kolte, Khera S, Muhammad Rizwan Sardar, Gheewala N, Gupta T, Chatterjee S, et al.
Thirty-Day Readmissions After Transcatheter Aortic Valve Replacement in the United States.
Circulation-cardiovascular Interventions. 2017 Jan 1;10(1).

Goldsweig AM, Tak HJ, Chen LW, Aronow HD, Shah B, Kolte D, et al. Relative Costs of
Surgical and Transcatheter Aortic Valve Replacement and Medical Therapy. Circulation:
Cardiovascular Interventions. 2020 May;13(5).

Vol.31 N0.06 (2024): JPTCP (1411 - 1417) Page [ 1417


https://jptcp.com/index.php/jptcp/issue/view/79

