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Abstract

Background Surgical aortic valve replacement (SAVR) has shown safe, robust results in elderly populations, and up until
recently, was the gold standard for management of severe aortic stenosis. The approach to severe aortic stenosis in high-risk
populations, such as octogenarians, has been challenged with the development of transcatheter-based strategies. We sought to
systematically analyse outcomes between surgical and transcatheter aortic valve replacement (TAVI) in octogenarians.

Method Electronic databases were searched from their inception until November 2018 for studies comparing SAVR to TAVI in
octogenarians, according to a predefined search criterion. The primary end point was mortality, and secondary end points
included post-procedural complications.

Results The review yielded four observational studies. The total number of patients included was 1221 including 395 who
underwent TAVI and 826 SAVR. On average, patients from both subgroups carried a high number of cardiac risk factors, and
STS-PROM scoring yielded mean values equating to high-risk population groups, with significantly higher values for TAVI
patients across the board. The presence of post-procedural moderate aortic regurgitation was noted only in the TAVI population
(OR =8.88;95% CI (1.47-53.64), X2 =1.22;p=0.02; P= 0%). Otherwise, there were no significant differences when account-
ing for mortality (OR =0.68; 95% CI (0.44-1.05), x> =1.88; p=0.60; P =0%), permanent pacemaker implantation groups
(OR =0.45; 95% CI (0.44-1.49), x> =0.11; p=0.19; = 0%), and neurological events (OR =0.72; 95% CI (0.42—1.23), x* =
257, p=023; P =22%).

Discussion The analysed data on TAVI versus SAVR in the octogenarian population show that TAVI shows similar outcomes
with relation to mortality and inpatient admission times, in a population with significantly higher risk profiles than their SAVR
counterparts. TAVI has higher occurrences of post-procedural AR. TAVI still does not have robust long-term data to ensure its
efficacy and rate of complications, but is showing promising results nonetheless.
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Introduction of AS [3]. Aortic stenosis also carries a significant burden of

morbidity and mortality, with 1 year mortality rates close to

Aortic stenosis (AS) is the most common cardiac valve pa-
thology encountered in the elderly population [1]. The
Australian population aged over 65 years has been steadily
increasing [2]. The older population has a higher prevalence
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32% [4], however, variable depending on symptomatology
associated with AS.

Up until recently, SAVR was undoubtedly the gold standard
option for management of severe AS; however, new guidelines
from the most recent European Society of Cardiology [5] suggest
involvement of a heart team, and discussions to determine the
most appropriate form of intervention for an individual prior to
offering surgical or percutaneous aortic valve replacement.
Survival at 3 years differed from 87% for patients who
underwent SAVR compared with 21% for medically manage-
ment patients [6]. The development of TAVI has shed new op-
tions for management of high-risk patients who were initially
deemed to be non-operative candidates [7], and has recently been
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noted to be non-inferior to SAVR even for intermediate-risk pa-
tients, when evaluating death and stroke risk [8].

Extensive long-term data, existing for the surgical popula-
tion, however, is still lacking in the TAVI group. Nevertheless,
the advances in minimally invasive techniques challenge the
current state of conventional SAVR. The aim of this review is
to evaluate outcomes of SAVR and TAVI in the octogenarian
population, and assess post-operative complications, together
with mortality, so as to analyse the major differences in out-
comes in this growing age group.

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Guidelines were followed in this analysis [9].

Search strategy and study selection

A systematic search was performed utilising several da-
tabases, such as PubMed, MEDLINE, Embase, Google

Scholar, Science Direct, and Web of Science from con-
ception to November 2018. The following search terms,
including MeSH terms where appropriate, were utilised:
“Octogenarians” OR “Aged over 80” AND “TAVI” OR
“TAVR” OR “transcatheter aortic valve” OR
“transfemoral aortic valve” OR “transcutaneous aortic
valve” OR “percutaneous aortic valve” OR “transapical
aortic valve” AND “SAVR” OR “Surgical Aortic Valve
Replacement” AND “Aortic stenosis”. Studies were lim-
ited to human studies, written in the English language.
Conference abstracts, letters to the editor, and editorials
were also excluded. The references of records screened
were also reviewed in an attempt to identify potential
additional articles.

All studies which compared TAVI versus SAVR in the
octogenarian population were included. The full text articles
of relevant abstracts were retrieved and re-reviewed for inclu-
sion as demonstrated in (Fig. 1). The screening process re-
moved 1401 articles as they did not meet the criteria of com-
paring SAVR and TAVI based on initial assessment from titles
and abstracts.

Fig. 1 PRISMA guidelines flow
chart for systematic analysis [9] c
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Data collection process and quality assessment

All data was extracted by published text, tables, and graphs,
including online supplemental material by a single reviewed
(SM), and reviewed by a co-author (MD). Any inconsistencies
were resolved by discussion in conjunction with all authors
and agreement by all parties.

Data analysis

Data items included patient demographics, pre-operative car-
diovascular comorbidities, renal function, and risk stratifica-
tion scores.

Primary end point for the review was all cause mortality.
Secondary end points assess post-procedural complications:
(1) Residual aortic regurgitation (AR) as assessed by echocar-
diography; (2) Requirement for permanent pacemaker (PPM)
implantation; (3) Neurological events; and (4) Acute kidney
injury.

Statistical analyses were performed utilising Review
Manager (RevMan 5.3, Cochrane [10]). In order to obtain
odds ratio (OR), the Mantel-Haenszel statistical method was
utilised with a fixed effect analysis model, maintaining a con-
fidence interval (CI) of 95%. Heterogeneity was calculated
utilising the x> test, and assumed to be significant if /* was
greater than 0.5.

Quality of studies was assessed by utilising the Newcastle-
Ottawa quality assessment form for cohort studies [11]. The
domains utilised for assessing quality included selection, com-
parability, and outcomes. Selection was assessed by analysing
if populations included were truly representative of the ex-
posed cohort, drawn from the same community, with data
obtained from reliable sources, and no suggestion of bias from
the study outset. Similarly, comparability was assessed by the
quality of comparability of cohorts, based on design and anal-
ysis. The final assessment of outcome analysed if outcomes
were obtained in an independent or reliably secure manner,
follow-up time, and degree of loss to follow-up.

Results

This study identified four major studies which compared
TAVI and SAVR in the octogenarian population [12—15].
The papers were comprised of three prospective, and one ret-
rospective observational study which enrolled patients from as
far back as 2002, and up to 2015.

In total, there were 1070 octogenarians who underwent
SAVR, whilst 656 underwent TAVI. There was also the inclu-
sion of 42 octogenarians who underwent non-procedural in-
tervention. Table 1 demonstrates summary of the articles, in-
cluding patient baseline characteristics. All papers explore
common cardiac risk factors, such as previous myocardial
infarctions and presence of coronary artery disease (CAD),
hypertension, diabetes, New York Heart Association
(NYHA) Class III and IV symptoms, previous cerebrovascu-
lar accidents, and renal function on admission. Each author
provided median risk stratification scores in the form of
Society of Thoracic Surgeons predicted risk of mortality
(STS-PROM) which ranged from 5.2 to 7 for the SAVR
groups, and 6.8—14 for the TAVI groups [12-15].
EuroSCORE and logEuroSCORE were also included in two
papers [13, 14], and are difficult to compare directly to STS-
PROM; however, they depict a high-risk population for both
groups, with significantly higher risks identified in the TAVI
population.

Combined 30-day all-cause mortality was reported in
all four papers, and occurred in 70 SAVR patients and 34
TAVI patients, with no statistically significant difference
between the groups for each paper [12—15]. Of note,
SAVR mortality rates in the Im et al. paper was higher
than that which is reported in the literature on valvular
mortality [13]. Mortality rates were not significantly dif-
ferent between groups (Fig. 2. OR=0.68; 95% CI (0.44—
1.05), x*=1.88; p=0.60; I> =0%), with a non-
statistically significant favour towards TAVI. Length of
follow-up varied between studies and long-term mortality
is shown in further detail in Table 2. Median follow-up
lengths were 3 months [13], 6 months [14], 15 months

TAVI SAVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hirji 2017 13 306 37 722 41.0% 0.82[0.43, 1.57] — &
Im 2012 0 10 4 14 71% 0.111[0.01, 2.33] ¢
Martinez-Selles 2013 14 261 21 244 40.0% 0.60 [0.30, 1.21] — &
Strauch 2012 5 79 7 90 11.9% 0.80[0.24, 2.63] b
Total (95% CI) 656 1070 100.0% 0.68 [0.44, 1.05] ’
Total events 32 69

Heterogeneity: Chi? = 1.88, df = 3 (P = 0.60); I = 0%
Test for overall effect: Z=1.73 (P = 0.08)

T
0.2 0.5 1 2 5
Favours TAVI Favours SAVR

Fig. 2 Odds ratio and forest plot of all cause peri-procedural mortality
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Comparison of post-interventional outcomes

Table 2

Martinez-Selles et al. [15]

SAVR

Strauch et al. [14]

SAVR

Im et al. [13]

SAVR

Hirji et al. [12]

SAVR

Author

Subgroups analysed
Residual AR (n (%))

Conserv

TAVI

p

TAVI

OMT

TAVI

p

TAVI

248 (81)

722 (100)

0 (0)
0 (0)
0 (0)

None

32 (10.5)
21 (6.9)
6(2)

Trace

Mild

Moderate

1(1.3)

0 (0)

N

1(10)

0(0)

Severe
PPM (n (%))
Acute myocardial infarction
Neurological Event (n (%))

3(3.8)

8 (8.9)
0(0)

4 (4.4
9 (10)

Y
N
N

0(0)

1 (10%)
0(0)
0 (0)
0(0)

2(14.3)
2(14.3)
4 (28.6)

1(1.3)
1(1.3)
25 (31.5)

12.4)
2(4.8)

N

17 (5.6)
0 (0)

46 (6.1)

4 (28.6)

27 (3.7)

Renal injury (1 (%))
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AR, aortic regurgitation; PPM, permanent pacemaker; /CU, intensive care unit; LOS, length of stay; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; p, statistically

significant p value reported; OMT, optimal medical therapy; Conserv, conservative medical management; Y, yes; N, no; — indicates no data available

[15], and 35 months [12] in the studies included. Long-
term follow-up was not analysed in the meta-analysis due
to significant differences in reporting of mortality between
studies.

Post-interventional outcomes are depicted in Table 2. The
paper by Martinez-Selles et al., reporting mortality, however,
did not report any other post-procedural outcomes, and hence
was not included in the meta-analysis for any of the other
outcomes analysed.

Three papers commented on the presence of moderate post-
procedural aortic regurgitation. It is important to note that
there were no events showing aortic regurgitation in the sur-
gical groups. The TAVI studies reported a total of 8 patients
with moderate post-insertion AR [12—14]. There were statis-
tically significant differences in moderate post-procedural aor-
tic regurgitation, with an increase towards TAVI and favouring
SAVR (Fig. 3. OR =8.88; 95% CI (1.47-53.64), x*=1.22;
p=0.02; P =0%), with a non-statistically significant favour
towards SAVR.

Requirement for permanent pacemaker implantation
(PPM) were reported in a combined total of 10 SAVR and 4
TAVI patients without any significant difference found on
statistical analysis of both papers reporting this finding [13,
14]. There were no statistically significant differences in the
need for permanent pacemaker implantation post-procedure
between groups (Fig. 4. OR =0.45; 95% CI (0.44—1.49),
x>=0.11; p=0.19; 7 =0%), with a non-statistically signifi-
cant favour towards TAVI.

The presence of a neurological event, which encom-
passes both strokes and transient ischaemic attacks
(TIAs), was reported in a total of 54 SAVR patients and
18 TAVI patients. Of note, however, the authors Im et al.
stated that, despite reporting 4 neurological events, there
was only one patient who experienced a major stroke in
their study [13]. There was no statistically significant dif-
ference between groups regarding post-procedural neuro-
logical events (Fig. 5. OR=0.72; 95% CI (0.42-1.23),
x> =2.57; p=0.23; I’ =22%), with a non-statistically sig-
nificant favour towards TAVI.

Acute kidney injury was reported in a combined total
of 40 SAVR and 25 TAVI patients without any significant
difference found on statistical analysis of all three papers
reporting this finding [12—14]. There were no statistically
significant differences in renal injury post-procedure be-
tween groups (Fig. 6. OR=0.97; 95% CI (0.56-1.69),
x> =18.48; p =0.92; > =89%), with a non-statistically
significant favour towards TAVI.

The risk of bias assessment table (Table 3) based on the
Newecastle-Ottawa scale [11] has deemed two studies to be of
good quality, whilst one classified as fair, due to lack of points
in outcome/exposure, and one study classed as poor quality
due to lack of points in the comparability domain and
outcome/exposure sections.
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TAVI SAVR Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Hirji 2017 6 306 0 722 39.0% 31.26[1.76, 556.58] —

Im 2012 110 0 14 207% 458[0.17,124.58] * »

Strauch 2012 179 0 90 313% 3.46[0.14,86.12] * —

Total (95% ClI) 395 826 100.0%  8.88 [1.47, 53.64] sl

Total events 8 0

Heterogeneity: Chi? = 1.22, df = 2 (P = 0.54); I* = 0% I I I I
0.2 05 1 2 5

Test for overall effect: Z = 2.38 (P = 0.02)

Favours TAVI Favours SAVR

Fig. 3 Odds ratio and forest plot of moderate aortic regurgitation post-procedure

Discussion

The technological advancements and ongoing development of
percutaneous modalities for aortic valve replacement have
sparked the interest in TAVI as a suitable alternative for aortic
valve replacement. The use of less invasive techniques seems
even more attractive when dealing with the octogenarian pop-
ulation, whom often are considered higher risk due to their
age, and are more likely to be burdened with several co-mor-
bidities, when compared with their younger counterparts.
Only recently, we have seen the ongoing support of TAVI in
large-scale publications, such as the PARTNER trial. These
studies were not included in this study as they did not solely
include octogenarians; however, they provide significant sup-
port towards TAVI in the management of aortic valve
pathology.

This review has analysed four published articles comparing
the outcomes of the octogenarian population undergoing
TAVI and SAVR. There was no consistent significant differ-
ence in age between the studies. Even though there are slight
differences between each paper, the overall picture portrayed
is that octogenarians carry high burden of comorbidities which
may be of some significance towards their overall outcomes
following procedural intervention. This “higher-risk” popula-
tion group findings are to be expected, and are the reason why
alternatives to conventional SAVR were sought in the first
place.

There are no differences in mortality between the TAVI and
SAVR populations at 30 days, 1 year, and 2 years [7, 8, 16,
17]. Regarding secondary end points, SAVR yielded higher
rates of AKI and bleeding [16, 17]. TAVI yielded higher rates
of PPM implantation, vascular complications, and post-
procedural aortic regurgitation [16, 17]. There were no differ-
ences in stroke rates [16, 17]. One anomaly however appeared
to be the 4 patients (28%) who died in the 30-day follow-up
reported by Im et al., one patient passed away from a peri-
procedural AMI, and the other three were related to bleeding
and renal impairment [13].

Post-procedural end points were analysed in three papers,
and their reporting system was reasonably consistent. The
implementation of standardised definitions for clinical end
points was sought to be resolved by the use of the Valve
Academic Research Consortium 2 (VARC-2) initiative [18].
The use of standardised end points will allow better compar-
ison, and focus on what is considered an important finding to
provide evidence on effectiveness of TAVL

The PARTNER trial noted higher levels of stroke following
TAVI [7, 8]. Out of the 3 papers which reported neurological
events, there were no significant differences in outcomes be-
tween SAVR and TAVI. There was also no difference in PPM,
AMLI, or renal injury when comparing both SAVR and TAVI
cohorts.

The advantage of less invasive techniques is decreased hos-
pital length of stay. Significant differences in total hospital and

TAVI SAVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Im 2012 110 2 14 173%  067[0.05 855 * t 4
Strauch 2012 3 79 8 90 82.7% 0.40[0.10, 1.58] ¢ .
Total (95% Cl) 89 104 100.0% 0.45[0.14, 1.49] .‘
Total events 4 10

Heterogeneity: Chiz=0.11, df = 1 (P = 0.74); 2= 0%
Test for overall effect: Z = 1.31 (P =0.19)

T
0.2 0.5 1 2 5
Favours TAVI Favours SAVR

Fig. 4 Odds ratio and forest plot of requirement for permanent pacemaker insertion post-procedure
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TAVI SAVR Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hirji 2017 17 306 46 722 T77.9% 0.86 [0.49, 1.53] .
Im 2012 0 10 4 14 11.0% 0.11[0.01, 2.33] ¢
Strauch 2012 1 79 4 90 11.1% 0.28 [0.03, 2.52] —
Total (95% CI) 395 826 100.0%  0.72[0.42, 1.23] . _am
Total events 18 54

Heterogeneity: Chi? = 2.57, df = 2 (P = 0.28); 1= 22%
Test for overall effect: Z = 1.21 (P = 0.23)

T
0.2 0.5 1 2 5
Favours TAVI Favours SAVR

Fig. 5 Odds ratio and forest plot of a neurological event post-procedure

intensive care unit (ICU) length of stays were noted by Hirji
et al. The other studies suggested a non-statistically significant
trend towards shortened ICU and total hospital length of stay
for their TAVI groups. A unique disadvantage of TAVI is post-
procedural aortic regurgitation which has been associated with
an increased mortality in the long run, and has been reported in
11% of patients in the PARTNER B trial [7, 8]. Three studies
reported on at least moderate post-procedural AR [12—14]. The
total number of at least moderate AR in the TAVI population
remains relatively low (n =8) over the three studies which
analysed post-procedural AR [12—14]; this finding is still quite
different compared with the absence of at least moderate AR in
the SAVR population reported in the studies [12—-14].

A unique late complication of TAVI is that of delayed cor-
onary artery occlusion (DCAO). The incidence of DCAO is
not quite established; however, it has been reported as a po-
tential complication, present most commonly in urgent cases,
and within the first week following procedure [19]. There is
still higher onset of post-operative atrial fibrillation (AF) in
SAVR compared with TAVI (31-64% and 4-32%, respective-
ly) [20]. Post-operative AF is an independent risk factor for
increased mortality, stroke, and hospital admission time [20].

At present, there are two different styles of valves available
for implantation: self-expanding and balloon-expandable
valves. The most recent trial comparing both valves, the
second-generation self-expandable versus balloon-
expandable valves and general versus local anaesthesia in

TAVI patients (SOLVE-TAVI) trial, showed no difference in
mortality, stroke, at least moderate aortic regurgitation, and
pacemaker implantation at 30 days [21]. There was some sug-
gestion of a trend towards higher stroke rates in balloon-
expandable valves [21].

This review included both transfemoral and transapical ap-
proaches to TAVI implantation. A recent study, which per-
formed post hoc analysis of 7973 cases of TAVI, showed
strong favour towards a transfemoral approach with respect
to in-hospital mortality and AKI [22].

Limitations

The limitations of this review include large variability in num-
ber of patients included, the small amount of trials looking at
SAVR and TAVI which solely include octogenarians, as well
as the fact that these trials were all observational, and in one
case retrospective. There is limitation from publication bias,
and also some variability in reported outcomes despite similar
cohorts being compared. No study strictly adhered to the
VARC/VARC2 recommendations for reporting in TAVI stud-
ies. It is also important to note that studies did not select for a
single type of valve being implanted, and this could potential-
ly yield difference in outcomes. Different centres would mean
there is an element of operator bias that cannot be accounted
for, as well as variability in experience between proceduralists
throughout the centres included. A large component of

TAVI SAVR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hirji 2017 0 306 27 722 63.6% 0.04 [0.00, 0.68] —
Im 2012 0 10 4 14 141% 0.11[0.01, 2.33] ¢
Strauch 2012 25 79 9 90 22.3% 4.17[1.81, 9.61] B
Total (95% Cl) 395 826 100.0% 0.97 [0.56, 1.69] ‘
Total events 25 40

Heterogeneity: Chi? = 18.48, df = 2 (P < 0.0001); 1> = 89%
Test for overall effect: Z = 0.10 (P = 0.92)

T
0.2 0.5 1 2 5
Favours TAVI Favours SAVR

Fig. 6 Odds ratio and forest plot of renal injury post-procedure



Indian J Thorac Cardiovasc Surg (July—August 2020) 36(4):356-364

363

Table 3  Newecastle-Ottawa quality assessment form for cohort studies [11]
Questions Hirji et al. [12] Imetal. [13] Martinez-Selles et al. Strauch et al. [14]
[15]
Representativeness of the exposed cohort Yes Yes Yes Yes
Selection of the non-exposed cohort Drawn from same ~ Drawn from same = Drawn from same  Drawn from same
community community community community

Secure record

Secure record

Secure record

Secure record

Ascertainment of exposure

Demonstration that outcome of interest as not present at the No
start of the study

Comparability of cohorts on the basis of design or analysis Yes
controlled for confounders

Assessment of outcome

Follow-up of 12 months Yes
Adequacy of follow-up

Overall quality result Good

Several secure
resources

99% complete

No No No

Yes Yes Yes

No description Performed by No description
telephone

No Yes No

Not described 99.7% complete Not described

Poor Good Fair

performing a meta-analysis in such small numbers includes
the widespread heterogeneity which is likely to be encoun-
tered. In this instance, the statistical analysis was performed
with a fixed effect analysis model with a confidence interval
of 95%. If this were to have changed to a random effect anal-
ysis model, and lower confidence interval, the issue of hetero-
geneity would have been addressed to some degree; however,
this would decrease the significance of results reported.

In general, TAVI is showing promising results, and we
eagerly await results of randomised controlled trials to ascer-
tain the pros and cons of this new modality in the general and
octogenarian population. This review has not looked at con-
comitant percutaneous coronary intervention, which carries
additional risks compared with TAVI alone, and a surgical
approach is still strongly preferred when dealing with coro-
nary and other valvular intervention. The long-term data for
TAVI valves is still being questioned, and will not be available
for years to come. Long-term follow-up and continuing mat-
uration of clinical experience will be essential to provide gold
standard patient care.

In conclusion, TAVI is quickly becoming the main option
for intervention in octogenarians who require intervention for
significant aortic valve stenosis.
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