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Transcatheter aortic valve implantation (TAVI) is recommended for inoperable and high
risk surgical patients with severe aortic stenosis. It is noninferior to surgical aortic valve
replacement (SAVR) in intermediate risk candidates. TAVI is currently being assessed for
low surgical risk individuals. We performed a meta-analysis of randomized controlled trials
(RCTs) and matched observational studies between TAVI and SAVR in low surgical risk
patients. The primary outcomes were short-term and mid-term mortality and neurologic
events. Secondary outcomes were other periprocedure complications. A total of 8 studies
(3 RCTs and 5 matched observational studies) totaling 6,686 patients were included. No
difference was seen in short-term mortality and neurologic events (risk ratio [RR] 0.68,
95% confidence interval [CI] 0.45 to 1.03, p 0.07 and RR 0.76, 95% CI 0.52 to 1.13,
p 0.18) as well as mid-term mortality and neurologic events (RR 0.89, 95% CI 0.54 to
1.47, p 0.65 and RR 1.04, 95% CI 0.55 to 1.97, p 0.9) between the 2 groups. Reduced risk
of new onset atrial fibrillation (RR 0.14, 95% CI 0.08 to 0.25, p <0.00001), acute kidney
injury (RR 0.43, 95 CI 0.23 to 0.82, p 0.01), and bleeding (RR 0.43, 95% CI 0.27 to 0.69,
p 0.0005) whereas increased risk of > moderate aortic regurgitation (RR 6.53, 95% CI
3.48 to 12.24, p <0.00001), pacemaker or defibrillator implantation (RR 3.11, 95% CI
1.96 to 4.94, p <0.00001) and vascular complications (RR 5.29, 95% CI 1.58 to 17.70, p
0.007) was noted in TAVI arm. In conclusion, TAVI is comparable to SAVR in terms of
short-term and mid-term mortality and neurologic events in low surgical risk patients.

The risk of periprocedure events is variable.
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Surgical aortic valve replacement (SAVR) has been the
mainstay of treatment for severe aortic stenosis for deca-
des. In recent years, transcatheter aortic valve implanta-
tion (TAVI) has shown superiority over SAVR or medical
treatment in extreme or high surgical risk patients and
comparability to SAVR in intermediate surgical risk
patients.'~’ Several societies now recommend TAVI as an
alternative to SAVR in such patients.*” As less invasive
option, there has been a growing interest in extending
TAVI to low surgical risk patients.'”'" There have been 4
randomized controlled trials (RCTs) on TAVI in these
patients, 2 were published in 2019 (PARTNER 3 Trial,
Evolut Low Risk Trial), 1 in 2015 (NOTION 1 Trial)
whereas 1 was prematurely terminated due to safety issues
(STACCATO Trial, 2012).'"?7* A few observational
studies also exist but meta-analyses are extremely limited
with most done on intermediate surgical risk patients
which had also included low-risk patients.'>"'® There are
only 2 meta-analyses exclusively on low surgical risk
patients in which 1 only looked at 30-day outcomes and
included 4 studies out of which 2 were from the same
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registry (Fraccaro et al, Rosato et al) and thus a possible
potential for overlap of population existed.'”'? The other
meta-analysis had 6 studies but included the STACCATO
trial which was prematurely terminated due to safety
issues.”’ We have conducted an updated meta-analysis to
compare TAVI and SAVR exclusively in low surgical risk
patients.

Methods

We searched PubMed, Cochrane Library, and Google
Scholar databases using the search term: (transcatheter OR
trans-catheter OR TAVR OR TAVI) AND (low-risk OR
low risk) AND stenosis. Articles published through April,
2019 with data on outcomes of interest were included.
Inclusion criteria were (1) Studies comparing TAVI and
SAVR in low surgical risk patients determined by either
a mean Society of Thoracic Surgeons Predicted Risk of
Mortality (STS-PROM) score <4% and/or a mean Logistic
EuroSCORE 1 (LES 1) <10% (or Logistic EuroSCORE 2
[LES 2] <5% if LES 1 was not reported) for both the TAVI
and SAVR arms. STS-PROM score took precedence over
LES in case of discordance between the 2. (2) RCTs or
observational studies with matched TAVI and SAVR arms.
Duplicate studies and incomplete or prematurely terminated
studies were excluded. The Newcastle-Ottawa scale was
used to assess the quality of the included observational
studies.”’ Validation of study eligibility and extraction of
data were independently performed by 2 reviewers (SS and
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SY). The primary outcomes were short-term mortality
(in-hospital or 30 day), short-term stroke and/ or transient
ischemic attack (TTIA) (in-hospital or 30 day), mid-term
mortality (1 to 3 years, whichever was the longest reported
follow-up) and mid-term stroke and/ or TIA (1 to 3 year,
whichever was the longest reported follow-up). The second-
ary outcomes were other in-hospital or 30-day periprocedure
events; these included new-onset atrial fibrillation, > moder-
ate (Grade >2) aortic regurgitation, the need for permanent
pacemaker (PM) or defibrillator implantation, myocardial
infarction (MI), acute kidney injury (AKI), bleeding, and
vascular complications which we have explained in regards
to each individual study in the supplementary material.
Statistical analysis was performed using RevMan5.3
software. Events and total sample size for TAVI and
SAVR arms were entered as a dichotomous data set into
the software. Heterogeneity in studies was assessed using
the chi-squared test for heterogeneity and the 1> statistics.
If heterogeneity was significant (I” statistic >50%), the

random effect model was chosen otherwise, fixed effect
model was used. A Mantel-Haenszel statistical method
was used to calculate a weighted risk ratio (RR) with 95%
confidence interval (CI) for each outcome. A p value of
<0.05 was assigned as clinically significant. Funnel plots
were used to look for publication bias.

The study selection process is depicted in Figure 1. The
STACCATO trial was the only study excluded on grounds
of premature termination.'* Previous meta-analyses on
low-to-intermediate surgical risk patients have been criti-
cized for including STACCATO trial.”” The STACCATO
trial protocol was not consistent with current clinical prac-
tice and was restricted only to the far less commonly per-
formed transapical route for TAVI resulting in unusually
high rate of adverse events.'* We have also excluded the
study by Fraccaro et al as a duplicate publication of the
study by Rosato et al as both were from the same registry
with the former only restricted to population older than
80 years of age.'”'*
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Figure 1. Study selection process.
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Results

Our meta-analysis included a total of 8 studies which
enrolled a total of 6,686 patients. Of these studies, 3 were
RCTs and 5 were matched observational studies (4 studies
used propensity score matching whereas 1 study used inverse
probability weighting to balance potential confounders
between the TAVI and SAVR arms).'"'>!%1823720 We only
included patients with STS-PROM <4% from the study by
Piazza et al as it also included intermediate risk patients. All
observational studies were ranked good quality on Newcas-
tle-Ottawa scale assessment. The study details and baseline
demographics are shown in Table 1. The major baseline co-
morbidities and clinical characteristics of population in each
study are summarized in Table 2 (See supplementary mate-
rial for description of co-morbidities from each study). A
trend toward decreased short-term mortality was noted in
TAVI arm, however, it was not statistically significant

(7 studies, RR 0.68, 95% CI 0.45 to 1.03, p 0.07, I 0%).
In terms of short-term stroke/TIA, no difference was
seen (6 studies, RR 0.76, 95% CI 0.52 to 1.13, p 0.18, I?
22%). There was no difference between TAVI and SAVR
in terms of mid-term mortality (5 studies, RR 0.89, 95%
CI10.54to 147, p 0.65, I’ 67%) and mid-term stroke/TIA (4
studies, RR 1.04, 95% CI 0.55 to 1.97, p 0.9, I’ 74%). Forest
plots for these findings are shown in Figures 2 and 3. Funnel
plots in regards to primary outcomes overall do not indicate
publication bias and are available in supplementary material.
Furthermore, no difference in 1-year mortality and 1-year
stroke/TTIA was also noted (See supplementary material).
Analysis of periprocedure events showed significantly
reduced risk of new onset atrial fibrillation, AKI, and bleed-
ing whereas an increased risk of device (PM or ICD) implan-
tation, > moderate aortic regurgitation regurgitation and
vascular complications in TAVI group. No difference in MI

Table 1
Study details and baseline demographics
Study (Year) Design Sample TAVI SAVR Age TAVI Age SAVR Male Male  STS STS LES-1 LES-1 Femoral Follow-up
Size(N) (N) (N) (Years) (Years) TAVI SAVR TAVI SAVR TAVI SAVR  access (Years)
Mack (2019)"” RCT 950 496 454 733458 73.6+6.1 67.5% T1.1% 1.9+£0.7 1.9+ 0.6 1.5+ 12" 1.5+£09" 100% 1
Popma (2019)'>  RCT 1403 725 678 74158 73.6£59 64% 662% 1.9+£0.7 1.9£0.7 NA NA 99% 2
Thyregod (2015)'° RCT 280 145 135 792449 79+ 4.7 53.8% 52.6% 29£1.6 3.1£1.7 84+4 89+£55 965% 1
Frerker (2017)*  PSM 1610 805 805 77.5x44 775+4.4 39.6% 39.6% NA NA 68+17 42+14 100% Inhospital
Rosato (2016)'*  PSM 710 355 355 80.1+64 80£5.1 58% 589% NA NA 63+27 63+£3 NA 3
Schymik (2015)* PSM 432 216 216 783%52 782+4.6 46.3% 51.4% NA NA  87£27 88%+28 NA 3
Piazza* (2013)**  PSM 382 191 191 NA NA NA NA STS<4 STS<4 NA NA NA 1
Waksman (2018)*° IPW 919 200 719 71.7+£149 709+92 594% 61% 17+£1 17+£0.7 NA NA 100% Im

IPW = inverse probability weighting; LES 1 = Logisitic EuroSCORE 1; m = months; N = number of patients; NA = not available; PSM = propensity score
matching; RCT = Randomized controlled trial; SAVR = surgical aortic valve replacement; STS = Society of Thoracic Surgeons; TAVI: transcatheter aortic

valve implantation.
* A subgroup analysis from a larger study.
T Logistic Euroscore II was calculated in the Mack et al.

Table 2

Baseline comorbidities and clinical characteristics of study population

Study CKD or CVA or Neurologic DM NYHA 1II-IV COPD PVD

Cr>2 mg/dl disease

Mack"? TAVI 0.2% 3.4% 31.2% 31.2% 5.1% 6.9%
SAVR 0.2% 5.1% 30.2% 23.8% 6.2% 7.3%

Popma'? TAVI 0.4% 10.2% 31.4% 25.1% 15% 7.5%
SAVR 0.1% 11.8% 30.5% 28.4% 18% 8.3%

Thyregod'® TAVI 1.4% 16.6% 17.9% 48.6% 11.7% 4.1%
SAVR 0.7% 16.3% 20.7% 45.5% 11.9% 6.7%

Frerker” TAVI 10.6% 4.1% 23.6% 76.4% 1.7% 0.6%
SAVR 10.6% 4.1% 23.6% 76.4% 1.7% 0.6%

Rosato'® TAVI NA 42% 14.9% 50.7% NA 8.7%
SAVR NA 4.2% 6.1% 51.3% NA 10.1%

Schymik™ TAVI NA 2.8% NA NA NA 5.1%
SAVR NA 3.7% NA NA NA 6.9%

Piazza*,** TAVI NA NA NA NA NA NA
SAVR NA NA NA NA NA NA

Waksman”® TAVI 43% 5% 24% 26% 12.4% 16.6%
SAVR 7.7% 7.9% 26.1% 20.6% 15.4% 5.5%

COPD = chronic obstructive pulmonary disease; CKD = chronic kidney disease; Cr = creatinine; CVA = cerebrovascular accident; DM = diabetes mellitus;
NA = not available; NYHA = New York Heart Association; PVD = peripheral vascular disease; SAVR = surgical aortic valve replacement; TAVR = trans-

catheter aortic valve implantation.
* A subgroup analysis from a larger study.
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TAVI SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Frerker 16 805 14 805 254% 1.14 [0.56, 2.33] -
Mack 2 496 5 454 95% 0.37[0.07,1.88] S
Popma 4 725 9 678 16.9% 0.421[0.13,1.34] — T
Rosato 9 3585 10 355 18.1% 0.90[0.37, 2.19] —a—
Schymik 3 216 9 216 16.3% 0.33[0.09,1.21] =
Thyregod 3 145 5 135 94% 0.56 [0.14, 2.29]  —
YWaksman 0 200 5 719 44% 0.33[0.02, 5.86]
Total (95% CI) 2942 3362 100.0%  0.68 [0.45,1.03] L 3
Total events KN a7
?et?;ngenemtl:l C? ?315; gfg:FE?EPuzug.ﬁz); F=0% 0005 o 10 P
estfor overall effect: 2= 1.83 (P = 0.07) Favours TAVI Favours SAVR
B
TAVI SAVR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Mack 3 496 14 454 26.3% 0.20 [0.06, 0.68] —
Popma 29 725 28 B78 52.0% 0.97 [0.58, 1.61]
Rosato 4 355 4 355 TI% 1.00[0.25, 3.87] s
Schymik 3 216 2 216 3.6% 1.50[0.25, 8.89] [ e —
Thyregod 4 145 4 135 T4% 0.93[0.24, 3.65] S
Waksman 0 200 4 719 35% 0.40[0.02, 7.36]
Total (95% CI) 2137 2557 100.0%  0.76 [0.52,1.13] L
Total events 43 a6
Heterogeneity: Chi*=6.42 df=5(P=027), F=22% 0005 o 10 =00

Test for overall effect Z=1.34 (P=0.18)

Figure 2. Forest plots of risk ratio for short-term outcomes between TAVI and SAVR; (A) showing in-hospital or 30 day mortality, (B) showing in-hospital or
30 day stroke and/or transient ischemic attack (TIA).
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TAVI SAVR Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mack 5 4896 11 454 135% 0.42[015,1.19] —
Piazza 15 191 17 191 207% 0.88[0.45,1.72] —
Popma 17 725 20 678 21.3% 0.79[0.42,1.50] ———
Rosato 91 355 56 355 291% 1.63[1.21,2.19] -
Thyregod 7145 10 135 16.3% 0.65 [0.26, 1.66] ——
Total (95% Cl) 1912 1813 100.0% 0.89 [0.54, 1.47] L
Total events 135 114
Heterogeneity: Tau®= 0.20; Chi*=12.02, df= 4 (P=0.02); F=67% ln o7 0’1 1’0 100’
Test for overall effect: Z= 0.46 (P = 0.65) Favours TAVI Favours SAVR
TAVI SAVR Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mack 11 486 19 454 241% 0.53[0.25,1.10] — &
Popma 42 725 41 678 305% 0.96 [0.63, 1.45] —
Rosato 33 385 13 355 26.3% 2.54[1.36,4.74] —
Thyregod 7 145 8 135 191% 0.81[0.30,2.19] I
Total (95% CI) 1721 1622 100.0% 1.04 [0.55, 1.97] ‘
Total events 93 a1

e Ta = AhiE = _ A= | \ ) )
Heterogeneity: Tau®= 0.30; Chi*=11.47 df=3 (P =0.009), F=74% oo f 10 100

Testfor overall effect: Z=0.12 (P =0.90)
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Figure 3. Forest plots of risk ratio for midterm outcomes between TAVI and SAVR; (A) showing 1 to 3 year mortality, (B) showing 1 to 3 year stroke and/or
transient ischemic attack (TIA).
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TAVI SAVR Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
Mack 21 496 145 454 353% 0.13[0.09, 0.21] ——
Fopma 56 725 240 G678 40.4% 0.22[017,0.29] L
Waksman B 200 2893 T19 243% 0.07 [0.03, 0.16] —
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TAVI SAVR Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Frerker 116 805 26 805 17.4% 446 [2.95 6.75] —
Mack 32 4496 18 454 156% 1.63 [0.93, 2.86] T
FPopma 126 725 41 /78 18.3% 287 [2.05, 4.02] —
Rosato 44 355 9 355 138% 4,89 [2.42, 9.86] —_—
Schymik 0 M6 m 216 13.9% 3.00[1.50, 5.98] -
Thyregod 46 145 2 135 T1% 21.41 [5.30, 86.51] e —
Waksman 10 200 32 T8 139% 1.12 [0.86, 2.28] —_—p—
Total (95% CI) 2942 3362 100.0% 3.11[1.96, 4.94] i
Total events 404 138
Heterogeneity: Tau®=0.28; Chi*= 2617, df=6 (P=0.0002); F=77% 'EI.D1 DT1 1-0 1DU'

Test for overall effect: £=4.81 (P = 0.00001)
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Frerker 7805 1 805 9.0%
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Total (95% CI) 2501 2482 100.0%
Total events 74 11

Heterogeneity: Chi®=0.42, df=4 (P=093); F=0%
Test for overall effect: £= 5.85 (P = 0.00001)
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Figure 4. Forest plots of risk ratio for atrial fibrillation (A), pacemaker or defibrillator implantation (B) and > moderate aortic regurgitation (C) between

TAVI and SAVR.

risk was seen between the 2 groups. Forest plots for these
findings are shown in Figures 4—6.

Discussion

Our meta-analysis is the most updated and the first to
include data from the recently published PARTNER-3 Trial
and Evolut Low Risk Trial. We found no statistically signif-
icant difference between TAVI and SAVR in mortality and
stroke/ TTA whether short-term or mid-term.

The meta-analysis by Witberg et al enrolled 3,484
patients and included patients from STACCATO trial,
which however were excluded in the sensitivity analysis.”
Findings of short-term mortality, cerebrovascular accident,

MI, major bleeding, AKI, PM implantation and vascular
complications agreed with our findings however, increased
mid-term mortality in TAVI arm (RR 1.45, 95% CI 1.11 to
1.89, p 0.006) was seen as opposed to no difference (RR
0.89, 95% CI 0.54 to 1.47, p 0.65) in our study. Our study
contained more RCTs (3 as opposed to only 1) and had big-
ger sample size (3,725 as opposed to 1,804 patients) for
evaluation of mid-term mortality. Our results show a higher
> moderate aortic regurgitation and a lower new onset atrial
fibrillation risk with TAVI, 2 outcomes that Witberg et al
did not analyze. The inverse probability weighting study of
919 patients by Waksman et al found no difference between
short-term mortality and stroke between TAVI and
SAVR.”® The Partner 3 Trial comparing transfemoral,
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Figure 5. Forest plots of risk ratio for myocardial infarction (A) and acute kidney injury (B) between TAVI and SAVR.
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Figure 6. Forest plots of risk ratio for bleeding (A) and vascular complications (B) between TAVI and SAVR.
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balloon expandable TAVI and SAVR in low risk patients
showed significantly lower composite of death, stroke, and
rehospitalization at 1 year in TAVI, however analyzed sep-
arately, there was no statistically significant difference at 1
year in the death or stroke between TAVI and SAVR."
This could possibly mean that the difference seen in the
composite data was mostly driven by the reduced rehospi-
talization rate in TAVI arm, an outcome that we did not
assess in our analysis. As opposed to our findings, no differ-
ence was seen in periprocedure vascular complications,
(> moderate) aortic regurgitation and PM implantation
which other than restriction to transfemoral route and exclu-
sion of patients with left ventricular outflow tract calcium,
adverse aortic root and poor transfemoral access can also
be explained by the evolution of TAVI technique and
improved valve design over the years.'” New onset atrial
fibrillation and bleeding were lower in TAVI arm similar to
our analysis.'” The Evolut Low Risk Trial, a randomized
noninferiority trial comparing self-expanding TAVI with
SAVR in low risk patients showed noninferiority between
TAVI and SAVR in terms of composite end point of death
and disabling stroke at 24 months.'” There was no differ-
ence between short-term and mid-term mortality or stroke
between the 2 groups. The risk of new onset atrial fibrilla-
tion, device implantation, aortic regurgitation, MI, and
bleeding were consistent with our analysis, however, the
risk of vascular complications was not different between
TAVI and SAVR in the Evolut Low Risk Trial.'” The posi-
tive results of TAVI in studies on low surgical risk patients
have led to the comparability of TAVI to SAVR in severe
aortic stenosis across the whole spectrum of surgical risk,
indicating that the choice between TAVI and SAVR should
be dictated by life expectancy and valve durability rather
than surgical risk.”’

Our study has several limitations. We do not have com-
plete data on the type of valve used and the access pursued
for TAVI for every study as the rate of complications may
differ depending on the type of valve and the access cho-
sen. Although, the observational studies included in our
meta-analysis are matched and thus have a lower risk of
bias, they cannot be considered equivalent to RCTs leav-
ing a room for confounders to affect outcomes. Moreover,
although we have excluded STACCATO trial, some of the
data taken may have still been from studies performed at
the time when TAVI was in its early stages of evolution.
With more experience and better delivery techniques, we
believe that some of the complications from TAVI can be
reduced. Lastly, TAVI in low surgical risk population has
been gaining consideration recently and we do not have
data on long-term outcomes of TAVI in this group of
patients.

In conclusion, TAVI is comparable to SAVR in regards
to short-term and mid-term mortality and neurologic events.
The risk of new onset atrial fibrillation, AKI, and bleeding
complications is lower whereas the risk of device implanta-
tion, > moderate aortic regurgitation and vascular compli-
cations is higher in TAVI than SAVR.
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