
© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(3):1671-1683 | http://dx.doi.org/10.21037/jtd-20-2233

Original Article

Minimally-invasive versus transcatheter aortic valve implantation: 
systematic review with meta-analysis of propensity-matched 
studies

Mathew P. Doyle1,2,3, Kei Woldendorp1,2,4, Martin Ng1,4, Michael P. Vallely5, Michael K. Wilson6,  
Tristan D. Yan1,6,7, Paul G. Bannon1,2,4

1The Royal Prince Alfred Hospital, Sydney, Australia; 2The Baird Institute of Applied Heart and Lung Surgical Research, Sydney, Australia; 
3University of Wollongong School of Medicine, Keiraville, Australia; 4The University of Sydney Medical School, Camperdown, Australia; 5Ohio 

State University Wexner Medical Centre, Columbus, USA; 6Macquarie University Hospital, Macquarie University, Sydney, Australia; 7Collaborative 

Research (CORE) Group, Macquarie University, Sydney, Australia

Contributions: (I) Conception and design: MP Doyle, K Woldendorp, TD Yan; (II) Administrative support: PG Bannon, MK Wilson, M Ng; (III) 

Provision of study materials or patients: None; (IV) Collection and assembly of data: MP Doyle, K Woldendorp, M Ng, MP Vallely; (V) Data 

analysis and interpretation: TD Yan, MK Wilson, MP Vallely, PG Bannon, M Ng; (VI) Manuscript writing: All authors; (VII) Final approval of 

manuscript: All authors.

Correspondence to: Dr. Mathew P. Doyle. c/o Cardiothoracic Surgical Unit, Royal Prince Alfred Hospital, Syndey, NSW, AUS, USA.  

Email: mpd06@uowmail.edu.au.

Background: Minimally invasive aortic valve replacement (MiAVR) and transcatheter aortic valve 
implantation (TAVI) provide aortic valve replacement (AVR) by less invasive methods than conventional 
surgical AVR, by avoiding complete sternotomy. This study directly compares and analyses the available 
evidence for early outcomes between these two AVR methods.
Methods: Electronic databases were searched from inception until August 2019 for studies comparing 
MiAVR to TAVI, according to predefined search criteria. Propensity-matched studies with sufficient data 
were included in a meta-analysis.
Results: Eight studies with 9,744 patients were included in the quantitative analysis. Analysis of risk-
matched patients showed no difference in early mortality (RR 0.76, 95% CI, 0.37–1.54, P=0.44). MiAVR 
had a signal towards lower rate of postoperative stroke, although this did not reach statistical significance 
(OR 0.42, 95% CI, 0.13–1.29, P=0.13). MiAVR had significantly lower rates of new pacemaker (PPM) 
requirement (OR 0.29, 95% CI, 0.16–0.52, P<0.0001) and postoperative aortic insufficiency (AI) or 
paravalvular leak (PVL) (OR 0.05, 95% CI, 0.01–0.20, P<0.0001) compared to TAVI, (OR 0.42, 95% CI, 
0.13–1.29, P=0.13), while acute kidney injury (AKI) was higher in MiAVR compared to TAVI (11.1% vs. 5.2%, 
OR 2.28, 95% CI, 1.25–4.16, P=0.007).
Conclusions: In patients of equivalent surgical risk scores, MiAVR may be performed with lower rates 
of postoperative PPM requirement and AI/PVL, higher rates of AKI and no statistical difference in 
postoperative stroke or short-term mortality, compared to TAVI. Further prospective trials are needed to 
validate these results.
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Introduction

Aortic stenosis (AS) is one of the most common valvular 
pathologies,  which progresses inexorably without 
intervention. Once symptoms develop, life-expectancy is 
significantly reduced unless the mechanical obstruction is 
relieved (1). While surgical aortic valve replacement (SAVR) 
has for decades been the gold standard in the treatment 
of severe AS, SAVR via full sternotomy confers significant 
risks, particularly to high-risk and frail patients. Although a 
full sternotomy provides excellent exposure of the heart and 
great vessels, some morbidity associated with SAVR may 
be mitigated using either alternate deployment routes or 
incisions. 

Minimally invasive AVR (MiAVR) and transcatheter 
aortic valve implantation (TAVI) are two alternative AVR 
options, both which avoid full sternotomy. MiAVR can be 
performed via either a right anterior thoracotomy (RT) 
or a partial hemi-sternotomy (HS). MiAVR has shown 
reductions in pain, mechanical ventilation, blood transfusion 
requirement, sternal wound complications, atrial fibrillation 
and hospital length of stay (LOS) when compared to SAVR 
via complete sternotomy (2-5). The clinical applicability of 
MiAVR has expanded from low-risk patients into higher 
risk cohorts as improved postoperative outcomes have been 
demonstrated (6). TAVI can likewise be performed via 
several access routes, including femoral, axillary and carotid 
arteries. TAVI has demonstrated non-inferiority mortality 
outcomes in the short to medium term compared to SAVR 
in patients across all surgical risk categories (7-9), including 
low-risk surgical candidates in some continents following 
the results of large trials (10,11). 

The refinement of both MiAVR and TAVI techniques 
and the associated valve prostheses has facilitated the 
expansion of each procedure (12,13). This has resulted in 
a higher number of patients with AS being concomitantly 
considered for either MiAVR or TAVI. While no 

prospective or randomised trial has been performed 
comparing MIAVR to TAVI, comparative data exists from 
a number of observational studies. We aim to review the 
literature for studies comparing MiAVR to TAVI and 
present a cohesive comparison in equivalent-risk patients 
who may be considered for either procedure. We present 
the following article in accordance with the PRISMA 
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-20-2233).

Methods

Search strategy and study selection

Electronic searches were performed using Embase, 
PubMed, Cochrane central register of controlled trials and 
Web of Science, from their dates of inception until August 
2019. The terms “aortic valve” and (“minimally-invasive”, 
“mini”, “hemi sternotomy” or “right thoracotomy”) 
were combined with “transcatheter aortic valve”, “TAVI” 
and “TAVR” as both keywords and MeSH terms.  
Two reviewers (MD and KW) independently screened the 
title and abstract of records identified in the search. Full-
text publications were subsequently reviewed separately if 
either reviewer considered the manuscript as potentially 
eligible for inclusion. Data was extracted independently by 
the reviewers. The reference lists of all retrieved articles 
were reviewed for further identification of potentially 
relevant studies. Only studies published in English were 
included. Studies were assessed for bias risk according to 
published criteria (14) (Figure 1). 

Inclusion criteria

Eligible studies were those that compared TAVI against 
MiAVR in adult patients. All surgical approaches to MiAVR 
and all TAVI approaches were included. Where MiAVR 

Figure 1 Risk of bias assessment of all included studies, based on MOOSE guidelines.
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Figure 2 PRISMA flow chart summarizing the literature search strategy in the systematic review of MiAVR versus TAVI.

or TAVI results were reported separately according to 
approach, this data was collected separately and used for 
subgroup analysis. 

Study endpoints

The primary endpoint was early mortality, defined as mortality 
within 30 days following the procedure. Secondary endpoints 
included stroke, postoperative aortic insufficiency (AI) of at 
least moderate severity, postoperative atrial fibrillation (POAF), 
permanent pacemaker (PPM) implantation, major bleeding, 
conversion to sternotomy, intensive care unit (ICU) length of 
stay (LOS), and hospital LOS. 

Analysis

Baseline characteristics and intervention details were 
presented as raw values (%) or mean ± standard deviation 
unless otherwise indicated. Pooled values for baseline 
characteristics were reported as mean ± standard deviation 
or as otherwise specified. Data were summarized as 
standard mean difference, with overall weighted mean 
presented where appropriate. I2 statistic was used to 

estimate the percentage of total variation across studies, due 
to heterogeneity rather than chance. An I2 value of greater 
than 50% was considered substantial heterogeneity. In the 
meta-analysis of risk-adjusted patients, results were calculated 
using a random-effects model. All P values were 2-sided. 
A significant difference was defined as P<0.05. Statistical 
analysis was conducted with Review Manager Version 5.3 
(Cochrane Collaboration, Software Update, Oxford, UK).

Results

A total of 455 publications were identified through the 
database and bibliographic searches. The study selection 
process was performed as per the PRISMA statement (15)  
(Figure 2). After exclusion of duplicated or irrelevant 
publications, a total of eight studies totalling 9,744 patients 
were included and reviewed in detail (16-23) (Table 1). 
There were 5,774 patients who underwent MIAVR. A total 
of 149 patients had MiAVR via HS, 1,289 patients via RT 
and 4,336 patients had an unspecified approach. There were 
3,970 patients who underwent TAVI, with 2,575 patients 
undergoing a trans-femoral approach (TF-TAVI), and 1,395 
who had either a trans-apical or an unspecified approach.
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Baseline characteristics—pooled analysis 

Of the 9,744 total patients, 47.9% were female, (TAVI 
49.2%, MiAVR 46.1%). Compared to MiAVR, TAVI 
patients were significantly older (81.6±6.7 vs. 71.4± 
10.8 years, P<0.001), significantly more likely to have New 
York Heart Association (NYHA) Class III/IV symptoms 
(72.2% vs. 36.9%, P<0.001) and had significantly lower 
left ventricular ejection fraction (LVEF) (53.6±11.1 vs. 
59.7±8.0%, P<0.001). Preoperative patient characteristics 
from all studies are detailed in Table 2. 

Outcomes analysis

After exclusion of non-matched studies, 2,252 patients from 
six studies were included in a meta-analysis of propensity-
matched, post-operative outcomes. 

Mortality

There was no significant difference in short term 
postoperative mortality, from the commencement of the 
procedure up to 30 days, between MiAVR and TAVI (2.5% 
vs. 2.7%, RR 0.99, 95% CI, 0.58–1.70, P=0.97) (Figure 3).

Perioperative/procedural details

Both rapid deployment and conventional  stented 
bioprosthesis were used in MiAVR, with mechanical valves 
(Carbomedic, Bicarbon, LivoNova, London, UK) included 
in one study (23). Trans-catheter valves included Corevalve 

(Medtronic, Minneapolis, MN, USA) and both older and 
newer generation SAPIEN valves (Edwards Lifescience, 
Irvine, CA, USA). The Lotus Valve System (Boston 
Scientific, MN, USA) was used in a small number of cases 
in one study (23) (n=33). Valve choice was unspecified in 
three studies (16,20,22). 

Mean gradient following valve implantation did not differ 
between the two groups (mean difference 0.29 mmHg, 95% 
CI, −1.71 to 2.3, P=0.77, I2=81%). There was no significant 
difference in ICU LOS (mean difference 0.71 days, 95% CI, 
−0.09 to 1.51, P=0.08), while total hospital LOS was shorter 
in TAVI compared to MiAVR (mean difference 2.77 days, 
95% CI, 0.99–4.55, P<0.01) however heterogeneity was 
high in both (I2=90% and 95% respectively). Perioperative 
and procedural details are outlined in Table 3. 

Postoperative outcomes

There was no statistical difference in postoperative stroke 
(0.8 vs. 1.7%, OR 0.58, 95% CI, 0.19–1.83, P=0.36), 
conversion to sternotomy (OR 0.50, 95% CI, 0.14–1.80, 
P=0.29) or major bleeding (2.3% vs. 1.3%, OR 1.64, 95% 
CI, 0.73–3.67, P=0.23) between MiAVR and TAVI (Figure 4).  
The requirement for PPM insertion was significantly 
higher in patients undergoing TAVI compared to MiAVR 
(17.6% vs. 3.5%, OR 0.21, 95% CI, 0.09–0.51, P<0.01). 
Postoperative AI or paravalvular leak (PVL) of at least 
moderate severity was also significantly higher in TAVI 
than MiAVR (10.6% vs. 0.3%, OR 0.05, 95% CI, 0.01–0.20, 
P<0.01). Acute kidney injury (AKI) was higher in MiAVR 
compared to TAVI (13.2% vs. 4.5%, OR 3.15, 95% CI, 

Table 1 Study characteristics

Study Year
Approach

n Location Period Study type
MiAVR TAVI

Zierer 2009 HS TA 51 Germany 2006–2007 Propensity-matched

Tokarek 2015 HS/RT TF 133 Poland 2011–2013 Unmatched

Micelli 2016 RT TA/TF 269 Italy 2008–2013 Propensity-matched

Nguyena 2017 RT TA/TF 1,729 USA 2011–2014 Unmatched

Terwelpa 2017 RT TA/TF 724 USA 2011–2014 Propensity-matched

Calle-Verda 2018 HS TF 100 Spain 2011–2015 Propensity-matched

Furukawa 2018 HS TA/TF 3,809 Germany 2009–2017 Propensity-matched

Paparella 2019 HS/RT TF/TA 2,904 Italy 2011–2016 Propensity-matched
a, same patient series. MiAVR, minimally invasive aortic valve replacement; TAVI, transcatheter aortic valve implantation; HS, hemi sternotomy;  
RT, right anterior thoracotomy; TA, trans apical; TF, trans femoral.
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Figure 3 Forest plot of the risk ratio of overall mortality in matched patients undergoing MIAVR and TAVI. MiAVR, minimally invasive 
aortic valve replacement; TAVI, transcatheter aortic valve implantation; M-H, Mantel-Haenszel; CI, confidence interval. The estimate of 
the RR of each study corresponds to the middle of the squares, and the horizontal line shows the 95% CI. For each subgroup, the sum of the 
statistics, along with the summary RR, is represented by the middle of the solid diamonds. A test of heterogeneity between the trials within a 
subgroup is given below the summary statistics.

Table 3 Perioperative outcomes (propensity-matched)

Study Year Approach n Valve Redo
Ventilation 

(hrs)
ICU LOS 

(days)
Hospital LOS 

(days)
Procedure Time 

(mins)
Valve MG 
(mmHg)

RT

Terwelp 2017 MiAVR 115 NR NR 27.1±93 2.7±4 NR NR NR

TAVI-TA 115 NR NR 134.2±1 3.9±5 NR NR NR

Terwelp 2017 MiAVR 247 NR NR NR 2.9±4 7.5±5 NR NR

TAVI-TF 247 NR NR NR 2.3±3 4.1±4 NR NR

Micelli 2016 MiAVR 37 Percevel S NR NR 1±0.3 7±0.5 NR 11.4±3.7

TAVI 37 Sapien NR NR 1 4.5±0.75 NR 10.1±3.4

HS

Furu-kawa 2018 MiAVR 177 NR 1 22.5±63 3.4±6 15.2±8 NR 12.0±4.6

TAVI-TA 177 NR 2 21.5±67 4.7±6 18.2±6 NR 11.0±7.7

TAVI-TF 177 NR 1 1.89±22 3.3±4 12.9±8 NR 10.2±5.8

Calle-Verda 2018 MiAVR 50 NR NR NR 2.2±2 10.1±7 87.2±23a NR

TAVI 50 CoreValve NR NR NR 8.5±4 NR NR

Zierer 2009 MiAVR 30 Perimount 0 NR 3.2±2 12±3 208±28 7.3±3.7

TAVI 21 Cribier 3 NR 1.0±0.4 5±1 154±33 9.6±37

COM

Paparella 2019 MIAVR 386 Multiple BioP + 
mech

38 NR 1.9±0.3 8±1 NR NR

TAVI 386 Corevalve,  
SAPIEN, Lotus

42 NR 1±0.2 6±1 NR NR

Continuous data presented as mean ± SD. a, cardiopulmonary bypass time. RT, right anterior thoracotomy; HS, hemi-sternotomy; COM, 
combined; NR, not reported; Redo, previous sternotomy; ICU, intensive care unit; LOS, length of stay; MG, mean gradient; MiAVR,  
minimally invasive aortic valve replacement; TAVI-TA, transcatheter aortic valve implantation via trans-apical approach; TAVI-TF, transcatheter  
aortic valve implantation via trans-femoral approach; BioP, bioprosthetic: mech-mechanical. 
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Figure 4 Perioperative outcomes. Forest plots of the odds ratio for matched patients of (A) stroke, (B) PPM insertion, (C) PVL/AI, (D) 
conversion to sternotomy, (E) major bleeding, (F) AKI. MiAVR, minimally invasive aortic valve replacement; TAVI, transcatheter aortic 
valve implantation; M-H, Mantel-Haenszel; CI, confidence interval. The estimate of the OR of each study corresponds to the middle of the 
squares, and the horizontal line shows the 95% CI. For each subgroup, the sum of the statistics, along with the summary OR, is represented 
by the middle of the solid diamonds. A test of heterogeneity between the trials within a subgroup is given below the summary statistics.
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2.07–4.80, P<0.01) (Figure 2). Post-procedural AF was 
greater in MiAVR compared to TAVI (OR 2.91, 95% CI, 
0.95–8.87, P=0.06), however statistical significance was 
not reached and there was high heterogeneity between the 
studies (I2=90%). Postoperative outcomes are detailed in 
Table 4. 

MiAVR and TF-TAVI

Comparing propensity-matched patients undergoing TAVI 
via the transfemoral route (TF-TAVI) and MiAVR resulted 
in 1,081 patients from 4 studies being included for sub-
analysis (16,17,20,24). There was no significant difference 
in mortality (RR 0.9, 95% CI, 0.35–2.25, P=0.82) between 
MiAVR and TF-TAVI. A signal towards a reduction in 
stroke was seen in MiAVR, however this did not reach 
significance (OR 0.34, 95% CI, 0.1–1.1, P=0.07). Rates 
of post-procedural AI/PVL and PPM requirement were 

significantly lower in patients undergoing MiAVR compared 
to TF-TAVI (AI/PVL 0.3% vs. 12%, OR 0.05, 95% CI, 
0.01–0.23, P<0.001; PPM 3.8 vs. 19.9%, OR 0.18, 95% CI, 
0.08–0.39, P<0.01). There was insufficient data to analyse 
other outcomes. This sub-analysis is summarised in Figure 5. 

Discussion

The results of this meta-analysis suggest that early mortality 
is similar between MiAVR and TAVI in appropriately 
selected, surgical risk-matched patients. The requirement 
for a PPM and post-procedural AI was lower in MiAVR 
than TAVI, with a trend towards lower stroke in MiAVR 
patients compared to TF-TAVI. Lower rates of POAF and 
AKI were seen in TAVI compared to MiAVR. These results 
should however be considered within both their clinical 
context and the limitations of this review.

Short term mortality did not differ between MiAVR and 

Table 4 Postoperative outcomes (propensity-matched)

Study Year Approach n CVA [%] AF [%] PPM [%] AI [%] AKI [%]
Major Bleeding 

[%]
Sternotomy 

[%]
Mortality  

[%]

RT

Terwelp 2017 MiAVR 115 0 [0.0] 30 [26] NR NR NR 4 [4] NR 3 [3]

TAVI-TA 115 1 [0.9] 24 [21] NR NR NR 1 [1] NR 1 [1]

Terwelp 2017 MiAVR 247 1 [0.4] 48 [20] NR NR NR 3 [1] NR 2 [1]

TAVI-TF 247 9 [3.6] 9 [4] NR NR NR 2 [1] NR 2 [1]

Micelli 2016 MiAVR 37 4 [2.2] NR 2 0 3 [2] 7 [4] 2 [1] 1 [1]

TAVI 37 3 [3.3] NR 0 10 2 [2] 3 [3] 3 [3] 8 [9]

HS

Furukawa 2018 MiAVR 177 2 [1.1] 43 [24] 10 1 21 [12] 3 [2] NR 4 [2]

TAVI-TA 177 1 [0.7] 24 [14] 24 3 17 [10] 5 [3] NR 8 [5]

TAVI-TF 177 2 [1.1] 11 [6] 34 23 2 [1] 6 [3] NR 3 [2]

Calle-Verda 2018 MiAVR 50 1 [2.0] 1 [2] 2 0 NR 0 1 [2] 1 [2]

TAVI 50 2 [4.0] 11 [22] 15 8 NR 0 0 0

Zierer 2009 MiAVR 30 1 [3.3] 3 [10] 0 0 3 [10] 1 [3.3] 0 3 [10]

TAVI 21 0 [0.0] 0 1 5 0 2 [9.5] 2 [10] 3 [14]

COM

Paparella 2019 MiAVR 348 3 [0.9] 123 [35] 10 NR 56 [16] 12 [4] NR 13 [4]

TAVI 348 1 [<0.1] 9 [3] 75 NR 15 [4] 3 [1] NR 9 [3]

Continuous data presented as mean ± SD. RT, right anterior thoracotomy; HS, hemi-sternotomy; COM, combined; NR, not reported; CVA, 
cerebrovascular accident; AF, atrial fibrillation; PPM, permanent pacemaker; AI, aortic insufficiency; AKI, acute kidney injury; MiAVR, minimally  
invasive aortic valve replacement; TAVI, transcatheter aortic valve implantation; TAVI-TF, transfemoral TAVI; TAVI-TA, transapical TAVI.
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TAVI. Large randomized trials comparing TAVI to SAVR 
have similarly demonstrated no difference in mortality 
out to 5 years (7,9). In our analysis, there was a signal 
towards a reduction in stroke rate in MiAVR patients, 
which strengthened when only trans-femoral access was 
included for TAVI. Preoperative CT-imaging of the aorta 
may be performed prior to MiAVR to identify the relational 

anatomy and orientation of the aortic valve, aortic root and 
ascending aorta. TAVI requires detailed imaging of access 
vasculature and similar proximal aortic structures. The 
low stroke rate observed in both cohorts in our analysis 
may represent the detection of prohibitive features such 
as aortic calcium, identified from preoperative imaging, 
seeing these patients appropriately treated with alternative 

Figure 5 Forest plot of the risk ratio of overall mortality in matched patients undergoing MIAVR and TAVI-TF (A), the odds ratio for 
matched patients for CVA insertion (B), major bleeding (C), PPM insertion (D) and PVL/AI (E). MiAVR, minimally invasive aortic valve 
replacement; TAVI-TF, transcatheter aortic valve implantation via trans-femoral route; M-H, Mantel-Haenszel; CI, confidence interval. 
The estimate of the RR or OR of each study corresponds to the middle of the squares, and the horizontal line shows the 95% CI. For 
each subgroup, the sum of the statistics, along with the summary RR or OR, is represented by the middle of the solid diamonds. A test of 
heterogeneity between the trials within a subgroup is given below the summary statistics.
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methods. The incidence of stroke following SAVR and 
TAVI varies substantially across the remaining observational 
and non-randomised literature. Cumulative stroke rates in 
non-comparative studies after TAVI at 30 days, one year 
and over five years (where data is available) ranges from 
2.5–4.0%, 3.6–6.1% and 5.9–10.6% respectively (12,25-28).  
There is a paucity of dedicated studies examining stroke 
rate following isolated SAVR and MiAVR, but in those 
studies identified with moderate-to-high risk patients, 
the rates of stroke at 30 days out to five years ranges from 
1.9–5.4% (29-31). These ranges may reflect several factors; 
the heterogeneity of patient inclusion, variations in surgical 
and procedural techniques, variation in diagnostic criteria 
for stroke following these procedures and the limitations 
of observational studies. Many studies lack clear stroke 
diagnostic criteria, particularly in regard to the requirement 
of radiologic imaging for diagnostic confirmation. The 
studies included in our analysis do not specifically outline 
parameters for stroke diagnosis, however the analysis of 
only propensity-matched data allows a uniform diagnostic 
assessment applied across both TAVI and MiAVR cohorts. 

A major limitation of TAVI has been the rates of post-
procedural AI or PVL. Nonetheless, rates of moderate 
to severe AI in TAVI range from 5–20% depending on 
the prosthesis implanted (9,32-34). The AI rates of TAVI 
patients included in our analysis were within this range. 
The rate of AI following MiAVR was exceptionally low, as 
should be expected following surgical valve implantation. 
Higher rates of AI after TAVI are associated with increased 
mortality, which may include only mild AI (33,34). 
Mechanisms for this are still being investigated, but may be 
due to retained calcified aortic leaflets, which can create an 
irregular annulus in which transcatheter valves are deployed. 
Design features of current generation transcatheter valves 
have attempted to overcome this issue by modifying valve 
design to be repositionable or include features such as a 
sealing cuff or anti-leak skirt (35). The development of 
catheter-based leak-closure devices and other strategies such 
as post-deployment balloon expansion have also ensued 
(36,37). Rates of AI have remained, however, between 
2.2–10.3% (38-42). The use of a sutureless prosthesis via a 
surgical approach has not resulted in an increased incidence 
of postoperative AI, with rates remaining under 1% (43). 
The ability to surgically resect the diseased valve leaflets and 
decalcify the aortic annulus prior to insertion of a prosthetic 
valve may be a critical factor in ensuring low rates of AI.

Requirement for new PPM was significantly higher 
after TAVI than MiAVR. The rates of new PPM insertion 

after TAVI in the studies included in our analysis falls 
within other published rates, which range from 8% to 40% 
(7,9,32). Published rates for new PPM after surgical AVR is 
significantly lower than TAVI in most trials, ranging from 
2.0% to 11.8%, including studies examining matched high-
risk patients (44-46). Large registry data has demonstrated 
reduced all-cause long-term survival in patients requiring 
PPM after SAVR and this decreased survival is also apparent 
in shorter-term follow up of TAVI patients (47). Sutureless 
and rapid-deployment bioprosthesis are an alternative to 
traditional stented surgical valves requiring annular suturing 
for securement. Sutureless valves have reported higher rates 
of postoperative PPM requirement compared to valves 
requiring annular suturing, however this incidence still 
remains significantly lower than TAVI (48,49).

A reduction in AKI, POAF and overall hospital LOS 
are outcomes repeatedly shown to be in favour of TAVI 
when compared with SAVR (7,9,32). These outcomes are 
strong drivers for TAVI advocates, with AKI and POAF 
contributing to increased LOS as well as increased short- 
and long-term mortality after AVR (50,51). Our analysis 
showed a significant reduction in AKI in favour of TAVI 
however further follow up analysis is required to delineate 
the prognostic significance of this result, as transient AKI 
may not predict poorer outcome (52). No long-term data is 
currently available for the studies included in our analysis. 
Our analysis also found a significant reduction in hospital 
LOS in favour of TAVI. The overall mean difference in 
hospital LOS was 0.2 days, however the clinical relevance 
of this is uncertain. Furthermore, we found no difference 
in rates of POAF although the trend was in favour of 
TAVI. There was high heterogeneity in the analysis of 
both outcomes (POAF I2=76%, LOS I2=95), thereby 
confounding the significance and applicability of these 
results. This heterogeneity is driven by a small study with 
50 patients in each cohort, reporting a POAF rate of just 2% 
in MiAVR patients, compared to 22% of TAVI patients (17). 
Likewise, heterogeneity for LOS is derived from a single 
study showing TAVI mean LOS 4±5.4 days compared to 
3.4±5.9 days for MiAVR (16). This study had equal numbers 
of TA and TF-TAVI patients included in the analysis. 

Study limitations

Limitations of this study include the retrospective nature of 
the included studies and the potential patient selection bias 
that ensues. Additionally, patients undergoing TA-TAVI 
makes up nearly one third of all TAVI patients included in 
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our analysis. The trans-apical approach is well established 
as having a higher rate of complications (53,54) and in 
modern day practice the trans-apical approach contributes 
only a small portion of total TAVI caseloads. We considered 
it prudent to include tall-access approaches to TAVI in our 
analysis due to propensity-matching being performed and 
outcomes reported as risk-matched data. Supplementary 
analysis of MiAVR and TF-TAVI showed similar results 
to the primary analysis, suggesting the results may be 
applicable to a greater TF-TAVI cohort. Valve technology 
for both TAVI and SAVR has evolved significantly over the 
timeframe of this analysis and many included studies did not 
report numbers of valve type used. 

Finally, as already highlighted, stroke reporting was not well 
defined in any of the included studies. The inclusion of only 
propensity-matched data into the analysis reduces the impact 
of all above mentioned limitations and a random-effects model 
for the meta-analysis was chosen to further account for these 
limitations. However, the effect of unregistered covariates on 
the clinical outcomes cannot be completely accounted for. 

Conclusions

Notwithstanding the limitations of this study, MiAVR 
and TAVI provide equivalent short-term mortality for 
appropriately-selected patients with severe AS, with MiAVR 
demonstrating lower rates of postoperative PPM, AI and 
a trend towards lower stroke rates. The use of minimally-
invasive approaches to AVR may be considered as a feasible 
alternative to TAVI and may be discussed as a separate 
entity to SAVR via full sternotomy when deciding the most 
optimal approach for valve replacement in patients with 
AS. High-quality prospective trials are needed in order to 
further evaluate these results.
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