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ABSTRACT
Background and aims  Randomised controlled trials 
comparing transcatheter aortic valve replacement 
(TAVR) and surgical aortic valve replacement (SAVR) 
were performed in highly selected populations and data 
regarding long-term secondary complications beyond 
mortality are scarce. This study used data from Ontario, 
Canada to compare mid-term and long-term clinical 
outcomes in a representative real-world cohort of patients 
who underwent TAVR and SAVR from 2007 to 2016.
Methods  A novel overlap weighting propensity score 
method was used to match patients undergoing TAVR or 
SAVR. Primary outcomes were all-cause, cardiovascular 
and non-cardiovascular mortality either in-hospital or 
at 1, 3 and 5 years postdischarge. Secondary outcomes 
included adverse outcomes and readmission. Long-term 
primary and secondary outcomes were compared using 
a weighted competing risks subdistribution proportional 
hazards model.
Results  The study included 9355 SAVR and 2641 TAVR 
patients. All-cause mortality at 1 year (HR 1.21; 95% CI 
1.02 to 1.43), 3 years (HR 1.45; 95% CI 1.28 to 1.64) and 
5 years (HR 1.48; 95% CI 1.33 to 1.65) was significantly 
higher among patients underwent TAVR compared with 
SAVR, with both cardiovascular mortality at 3 and 5 years 
and non-cardiovascular mortality at 1, 3 and 5 years 
significantly higher for TAVR. Hazards of myocardial 
infarction and readmission for angina at 1, 3 and 5 years 
were significantly greater for TAVR.
Conclusions  In this overlap weighted cohort, both cardiac 
and non-cardiac mortality rates were increased in TAVR 
patients. Residual or unmeasured confounding may have 
contributed to these findings. More studies are needed to 
identify factors predictive of long-term outcomes in real-
world cohorts.

INTRODUCTION
Aortic valve stenosis (AS) is the most common 
cardiac valve disease, affecting 3% of adults 
aged 65 and older and nearly 10% of those 
older than 80 years.1–3 Severe symptomatic 
AS is fatal and, if untreated, mortality can 
exceed 50% at 2 years.2 4 Surgical aortic valve 

replacement (SAVR) is the traditional method 
of aortic valve replacement and has been 
demonstrated to improve survival.5 More 
recently, transcatheter aortic valve replace-
ment (TAVR) has emerged as a less invasive 
treatment option for patients with severe AS 
and is currently widely worldwide as an alter-
native to SAVR following the demonstration 
of its non-inferiority or superiority in clinical 
trials comparing TAVR to SAVR in patients at 
high, intermediate and more recently at low 
surgical risk at one or 2 years.6–9 Thus, TAVR 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Several randomised control trials have evaluated 
the safety and efficacy of transcatheter aortic valve 
replacement (TAVR) compared with surgical aortic 
valve replacement (SAVR) and have reported either 
similar outcomes or improved survival for TAVR. 
However, these trials were performed in highly se-
lected populations, limiting the generalisability to 
real-world patients with limited follow-up duration, 
and there remains a paucity of data regarding long-
term secondary complications beyond mortality.

WHAT THIS STUDY ADDS
	⇒ In this overlap weighted cohort, patients who under-
went TAVR had increased hazards of long-term ad-
verse complications, including myocardial infarction 
and angina compared with SAVR after accounting 
for multiple clinical comorbidities and the hospital 
frailty risk score. Excess mortality among TAVR pa-
tients was also observed but was increased for both 
cardiac and non-cardiac causes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ More studies in the recent era and with long-term 
follow-up are needed to confirm the long-term clini-
cal benefits of TAVR and to improve patient selection 
for these procedures.
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has become the dominant form of AVR in most Western 
countries.10 11

However, concerns have been raised about the gener-
alisability of these trial results to real-world patients 
because randomised controlled trials (RCTs) systemati-
cally exclude patients with certain clinical and anatom-
ical characteristics, such as bicuspid valve, concomitant 
mitral/tricuspid or ascending aorta disease or recent 
neurological events.6 12 Thus, in a single-centre study, 
it has been shown that approximately 50% of patients 
deemed at low-surgical risk would have been ineligible 
in trials comparing TAVR and his counterpart SAVR.13 
In addition, there is limited information on longer-term 
follow-up14–16 and a word of caution has been raised by 
several meta-analysis.17 18 Furthermore, data on several 
important secondary endpoints, such as incident atrial 
fibrillation, angina and reintervention are scarce.16 19 
To address these issues, using population-based obser-
vational data from Ontario, Canada, we derived a longi-
tudinal representative real-world cohort of patients 
who underwent SAVR or TAVR from 2007 to 2016 and 
compared in-hospital and long-term clinical outcomes 
for each procedure.

METHODS
Study design and data sources
This retrospective population-based cohort study was 
conducted using population-based administrative 
databases housed at Institute for Clinical Evaluative 
Sciences (ICES), including the Canadian Institute 
for Health Information Discharge Abstract Database 
(CIHI-DAD) to ascertain clinical and demographic 
information, Ontario Health Insurance Plan (OHIP) 
Claims Database which captures universally available 
coverage for all hospital services, physician services and 
diagnostic tests, National Ambulatory Care Reporting 
System, which contains data for all hospital-based 
and community-based ambulatory care, the Ontario 
Drug Benefits Claims database to capture prescription 
history for individuals aged 65 and older, the Contin-
uing Care Reporting System to identify admissions to 
long-term and continuing care, Registered Persons 
Database (RPDB) to obtain out-of-hospital mortality 
data, Ontario Census Area Profiles and Local Health 
Integration Networks. ICES is a prescribed entity under 
Ontario’s Personal Health Information Protection 
Act (PHIPA). Section 45 of PHIPA authorises ICES to 
collect personal health information, without consent, 
for the purpose of analysis or compiling statistical 
information with respect to the management of, evalu-
ation or monitoring of the allocation of resources to or 
planning for all or part of the health system.

Study cohort
The cohort included all patients aged 18 or older who 
underwent a transfemoral TAVR (regardless of the type 

of TAVR devices) or isolated SAVR procedure for AS in 
Ontario, Canada from 1 April 2007 to 31 December 2016.

Outcomes
Primary outcomes were all-cause, cardiovascular and 
non-cardiovascular mortality at 1, 3 and 5 years and were 
evaluated from the procedure date until date of death 
or administrative censoring. In-hospital outcomes were 
identified from the DAD and deaths after discharge were 
identified from the RPDB.

Secondary outcomes included ischaemic stroke, haem-
orrhagic stroke, myocardial infarction, acute kidney injury, 
vascular complications (including mechanical valve compli-
cations, infection, embolism, fibrosis and haemorrhage), 
atrial fibrillation, endocarditis, permanent pacemaker 
implantation, defibrillator, reintervention and cause-specific 
readmission at 1, 3 and 5 years and were evaluated from 
discharge date. Secondary outcomes were identified using 
previously validated algorithms based on diagnostic codes 
from the DAD or ICES validated algorithms (details are 
shown in online supplemental table 1).

Statistical analysis
Given that patients undergoing TAVR are more likely to 
have comorbidities and advanced age, a novel propensity 
score method, termed overlap weighting,20 was used to 
address the potential for confounding by indication. While 
inverse probability weighting is commonly used to address 
systematic differences in baseline characteristics in observa-
tional settings, subjects with extreme propensity scores may 
have inaccurate or unstable weights and often dominate 
results or are excluded due to imprecision.21 22 Overlap 
weighting addresses these limitations by assigning each 
subject a weight equal to the probability of being assigned to 
the opposite intervention group.20 22 Previous literature has 
demonstrated the validity of this propensity score method 
that mimics attributes of an RCT.20

Patients were weighted using a propensity score 
for undergoing TAVR estimated from a multivariable 
logistic regression model containing age, sex, Charlson 
Comorbidity Score, frailty, myocardial infarction, stroke, 
dementia, chronic dialysis, cancer, chronic obstructive 
pulmonary disease, previous surgery and chronic lung 
disease. Age and sex were collected from the RPDB. 
Charlson Comorbidity Score was defined as the predicted 
mortality by weighting comorbid conditions23 and frailty 
was defined using the Hospital Frailty Risk Score.24 
Myocardial infarction, stroke, chronic dialysis and cancer 
were identified based on diagnostic codes from the DAD 
and OHIP Claims Database fee codes. Dementia was 
identified based on ICES validated algorithms (online 
supplemental table 1).17 25 Baseline characteristics were 
then compared for the two groups using standardised 
differences (table 1).

In-hospital outcomes in the overlap weighted cohort 
were compared using logistic regression. ORs and corre-
sponding 95% CI are presented in table 2. Primary and 
secondary outcomes for patients undergoing TAVR 
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versus SAVR were compared using overlap propensity 
score-weighted competing risks sub-distribution propor-
tional hazards models.26 HRs and corresponding 95% CIs 
are presented in table 3.

Sensitivity analysis
This study included all types of TAVR devices, which 
may be related to the postsurgical outcomes. Thus, in 
a sensitivity analysis, the fiscal year was adjusted in the 
calculation of weights to account for the increasing usage 
of TAVR devices over the study period. To account for 
potential confounding due to initiation of cardiovascular 

medications during follow-up, including statins, antico-
agulants and antihypertensives, sensitivity analyses were 
conducted by adding new onset of cardiovascular medi-
cations separately to the calculation of weights.

RESULTS
Study population
Before propensity matching, a total of 3036 patients 
undergoing TAVR (mean age 82.54 years; female 45.93%) 
and 18 396 patients undergoing SAVR (mean age 68.59 
years; female 41.21%) were identified. After propensity 

Table 1  Baseline characteristics before and after propensity matching using overlap weighting

Variables
Unweighted
TAVR (N=3036)

Unweighted SAVR 
(N=18 396) Unweighted SD

Weighted TAVR 
(N=2641)

Weighted SAVR 
(N=9355)

Weighted 
SD

Age 82.54 68.59 1.466 79.43 79.43 0.000

Female 45.93% 41.21% 0.095 45.50% 45.50% 0.000

Charlson Comorbidity Score 1.37 0.67 0.491 1.10 1.10 0.000

Frailty 3.90 2.16 0.405 3.42 3.42 0.000

Acute MI 10.00% 3.71% 0.251 7.16% 7.16% 0.000

Stroke 4.96% 2.48% 0.131 3.78% 3.78% 0.000

Dementia 21.24% 10.09% 0.310 19.03% 19.03% 0.000

Chronic dialysis <0.23%* ≤0.06%* 0.012 0.08% 0.08% 0.000

Cancer 6.59% 4.25% 0.103 6.00% 6.00% 0.000

COPD 14.99% 9.26% 0.176 13.87% 13.87% 0.000

Chronic lung disease 18.02% 10.65% 0.212 16.37% 16.37% 0.000

CABG 1.70% 0.37% 0.131 1.02% 1.02% 0.000

PCI 21.92% 2.44% 0.624 8.70% 8.70% 0.000

Cardiac defibrillator 0.30% ≤0.06%* 0.056 0.17% 0.17% 0.000

Pacemaker 2.35% 0.78% 0.127 1.61% 1.61% 0.000

*Data were suppressed due to ICES reporting policy regarding small cell (the number of events is equal to or less than 5).
CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; ICES, Institute for Clinical Evaluative Sciences; MI, myocardial infarction; PCI, percutaneous 
coronary intervention; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.

Table 2  In-hospital outcomes

Outcomes TAVR SAVR OR (95% CI)

All-cause mortality 90 (3.41%) 171 (1.83%) 0.83 (0.60 to 1.15)

Non-cardiovascular mortality 30 (1.14%) 43 (0.46%) 1.16 (0.63 to 2.13)

Cardiovascular mortality 60 (2.27%) 128 (1.37%) 0.73 (0.50 to 1.08)

Ischaemic stroke 53 (2.01%) 122 (1.3%) 0.90 (0.59 to 1.37)

Myocardial infarction 11 (0.42%) 23 (0.25%) 0.84 (0.34 to 2.04)

Endocarditis <6 (<0.23%)* 60 (0.64%) 0.15 (0.05 to 0.47)

Reintervention <6 (<0.23%)* <10 (<0.10%)* 1.12 (0.23 to 5.36)

Valve complication 69 (2.61%) 157 (1.68%) 1.38 (0.95 to 2.02)

Acute kidney injury <6 (<0.23%)* 26 (0.28%) 0.27 (0.07 to 1.08)

Pacemaker implantation 299 (11.32%) 404 (4.32%) 2.06 (1.67 to 2.53)

Defibrillator <6 (<0.23%)* 11 (0.12%) 1.62 (0.43 to 6.16)

Incident atrial fibrillation 63 (2.39%) 729 (7.79%) 0.24 (0.17 to 0.32)

Multivariable logistic regression reporting OR and 95% CI of primary and secondary outcomes occurring from procedure date to date of 
discharge for patients undergoing TAVR versus SAVR.
*Data were suppressed due to ICES reporting policy regarding small cell (the number of events is equal to or less than 5).
ICES, Institute for Clinical Evaluative Sciences; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.
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matching using overlap weighting, the matched cohort 
included 9355 SAVR (mean age 79.43 years; female 
45.50%) and 2641 TAVR patients (mean age 79.43 years; 
female 45.50%) (table 1). As shown in table 1, patients in 
the TAVR and SAVR cohorts were similar and comparable 
in baseline characteristics after propensity matching.

In-hospital outcomes
In-hospital outcomes are presented in table 2. Rates and 
likelihood of in-hospital all-cause mortality were similar 
for matched TAVR and SAVR patients (3.41% vs 1.83%; 
OR 0.83; 95% CI 0.60 to 1.15). Rates and likelihood of 
in-hospital endocarditis (≤0.23% vs 0.64%; OR 0.15; 95% 
CI 0.05 to 0.47) and atrial fibrillation (2.39% vs 7.79%; 
OR 0.24; 95% CI 0.17 to 0.32) were significantly lower 
in the TAVR group. Rate of pacemaker implantation 
(11.32% vs 4.32%; OR 2.06; 95% CI 1.67 to 2.53) were 
significantly higher in the TAVR group than in the SAVR 
group.

Primary outcomes
Results for primary outcomes (including in-hospital 
mortality) are presented in table  3 and figure  1. Rates 
and hazards of all-cause mortality at 1 year (14.69% vs 
5.40%; HR 1.21; 95% CI 1.02 to 1.43), 3 years (27.68% 
vs 9.96%; HR 1.45; 95% CI1.28 to 1.64) and 5 years 
(34.27% vs 14.70%; HR 1.48; 95% CI 1.33 to 1.65) were 
significantly higher in the TAVR compared with SAVR 
group. Rates and hazards of non-cardiovascular death at 
1 year (6.85% vs 2.26%; HR 1.39; 95% CI 1.09 to 1.79), 
3 years (14.16% vs 5.22%; HR 1.48; 95% CI 1.24 to 1.75) 
and 5 years (18.44% vs 8.32%; HR 1.48; 95% CI 1.28 to 
1.72) were also significantly higher in the TAVR group. 
Although in the base model, no significant differences in 
the rate or hazard of cardiovascular death were observed 
for TAVR versus SAVR at 1 year, the rates and hazards 
of cardiovascular death were significantly higher in the 
TAVR group at both 3 (13.52% vs 4.75%; HR 1.42; 95% 
CI 1.18 to 1.70) and 5 years (15.83% vs 6.38%; HR 1.49; 
95% CI 1.26 to 1.75). Long-term hazards of primary 
outcomes occurring from date of discharge to 1, 3 and 5 

years showed similar results and are presented in online 
supplemental table 2.

Secondary outcomes
Results of secondary outcomes (evaluated postdischarge) 
are presented in table 4. Hazards of myocardial infarction 
were significantly greater in the TAVR compared with 
SAVR group at 1 year (HR 1.77; 95% CI 1.26 to 2.50), 
3 years (HR 1.92; 95% CI 1.51 to 2.43) and 5 years (HR 
1.96; 95% CI 1.58 to 2.42) and hazards of readmission 
due to angina were also significantly higher in the TAVR 
group at 1 year (HR 1.93; 95% CI 1.21 to 3.10), 3 years 
(HR 1.86; 95% CI 1.37 to 2.54) and 5 years (HR 1.86; 
95% CI 1.39 to 2.48). Notably, hazards for all cause read-
mission were significantly lower in the TAVR compared 
with SAVR group (HR 0.89; 95% CI 0.82 to 0.95) at 1 year, 
but similar at 3 and 5 years. No differences in ischaemic 
stroke, haemorrhagic stroke, atrial fibrillation, endocar-
ditis, reintervention, valve complications, acute kidney 
injury, permanent pacemaker implantation and defibril-
lator were observed with TAVR versus SAVR.

Sensitivity analyses
Results of sensitivity analyses assessing the impact of 
potential confounding due to an increase in use of TAVR 
over the study period and medication usage are presented 
in online supplemental table 3. While primary analyses 
showed that cardiovascular mortality and reintervention 
were not significantly different for TAVR versus SAVR at 1 
year, these estimates became significant showing greater 
mortality and reintervention rates associated with TAVR 
at 1 year when adding index fiscal year to the calcula-
tion of weights. However, treatment effects remained 
unchanged when adding a binary variable of new onset 
of cardiovascular medications during follow-up to the 
calculation of weights.

DISCUSSION
In this retrospective population-based observational 
cohort of all patients who underwent a SAVR or TAVR 

Table 3  Primary end points at 1, 3 and 5 years

At 1 year At 3 years At 5 years

TAVR
N (%)

SAVR
N (%)

HR
(95% CI)

TAVR
N (%)

SAVR
N (%)

HR
(95% CI)

TAVR
N (%)

SAVR
N (%)

HR
(95% CI)

All-cause 
mortality

388 (14.69) 505 (5.40) 1.21
(1.02 to 1.43)

731
(27.68)

932
(9.96)

1.45
(1.28 to 1.64)

905
(34.27)

1375
(14.70)

1.48
(1.33 to 1.65)

Non-CV mortality 181
(6.85)

211
(2.26)

1.39
(1.09 to 1.79)

374
(14.16)

488
(5.22)

1.48
(1.24 to 1.75)

487
(18.44)

778
(8.32)

1.48
(1.28 to 1.72)

CV mortality 207
(7.84)

294
(3.14)

1.07
(0.85 to 1.35)

357
(13.52)

444
(4.75)

1.42
(1.18 to 1.70)

418
(15.83)

597
(6.38)

1.49
(1.26 to 1.75)

Cox proportional hazards model reporting HRs for all-cause mortality (competing risk model reporting subdistribution HR for CV and non-CV 
mortality) and 95% CI occurring from procedure date to 1, 3 and 5 years for patients undergoing TAVR versus SAVR.
CV mortality, cardiovascular mortality; N, the number of events; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve 
replacement.
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between 2007 and 2016, we showed that, in overlap 
weighted propensity matched patients with similar base-
line characteristics, early (in-hospital) all-cause mortality 
did not differ significantly between those undergoing 
TAVR versus SAVR, but in-hospital complications mark-
edly differed. TAVR was associated with higher rates and 
likelihood of in-hospital pacemaker implantation, but 

a lower likelihood of in-hospital endocarditis and atrial 
fibrillation than SAVR. TAVR was also associated with 
greater hazards of long-term all-cause, cardiac and non-
cardiac mortality than SAVR and was associated with a 
higher long-term hazard of myocardial infarction and 
admission due to angina than SAVR. Hazard of all-cause 
readmission was significantly lower in the TAVR group at 
1 year but not thereafter.

In contrast to our findings of excess mortality associated 
with TAVR, all prior RCTs have shown that TAVR was non-
inferior or superior to SAVR irrespective of the surgical 
risk-score category (high, intermediate and low).6–9 27 As 
illustrative examples, the CoreValve trial of 797 high-risk 
patients27 reported a 20.1% relative reduction in the rate 
of all-cause mortality or stroke at 3 years in TAVR patients 
compared with SAVR patients, and the NOTION trial 
demonstrated no statistical difference for all-cause death, 
stroke or myocardial infarction at 5 years14 and 8 years15 
in 280 lower-risk patients undergoing TAVR or SAVR. 
Several factors may contribute to the differences between 
our study and these RCTs. First, strict eligibility criteria 
in RCTs may limit the generalisability of their findings 
to more real-world cohorts, such as the one used in the 
present study. For example, the NOTION trial14 excluded 
almost 80% of patients who needed acute treatment and 
those with severe coronary artery disease, severe non-
aortic valvular disease, prior heart surgery, recent stroke 
or myocardial infarction, and severe lung or renal disease. 
A recent report13 showing that that approximately 50% of 
low-risk patients who underwent a SAVR at a single-centre 
exhibited at least one exclusion criteria of the PARTNER 
3 study.28

It is also important to note that our results are consis-
tent with several other studies and reports. In a meta-
analysis17 of six RCTs, TAVR was associated with poorer 
survival after 40 months (HR 1.31; 95% CI 1.01 to 1.68), 
suggesting that survival advantages shown for TAVR in 
prior RCTs may be limited to the first few years postpro-
cedure and that long-term outcomes may favour SAVR 
over TAVR. These trends may be due to the fact that the 
most vulnerable patients died earlier after the interven-
tion with SAVR, or that more complete coronary artery 
revascularisation occurred more often during SAVR than 
TAVR. A landmark analysis of the PARTNER Trial16 from 
2 to 5 years also demonstrated an increased hazards of 
all-cause mortality in TAVR compared with SAVR (HR 
1.23; 95% CI 1.00 to 1.52). In PARTNER 3,7 although 
the primary endpoint remained significantly lower with 
TAVR versus SAVR, the initial differences in death and 
stroke was no longer different at 2 years. In another meta-
analysis18 of 14 comparative observational studies with 
propensity-score analytical approaches, TAVR mortality 
was also significantly greater at ≥3 years (HR 1.54; 95% 
CI 1.31 to 1.81). Similar findings with worse outcomes at 
5 years with SAVR compared with TAVR were reported 
in the OBSERVENT study29 and in the German Gary 
registry.30 Therefore, our results add to the growing 
evidence that TAVR may not be as beneficial in real-world 

Figure 1  (A) Cumulative incidence functions (CIF) for all-
cause mortality at 1 year. (B) CIF for all-cause mortality at 
3 years. (C) CIFs for all-cause mortality at 5 years. SAVR, 
surgical aortic valve replacement; TAVR, transcatheter aortic 
valve replacement.
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settings compared with RCTs. However, as both cardio-
vascular and non-cardiovascular mortality were signifi-
cantly increased for TAVR versus SAVR in the present 
analysis, we also cannot rule out the fact that residual or 
unmeasured confounding contributed to these findings. 
Although we balanced our cohort on multiple indicating 
factors in the overlap weights (see table 1), accounted for 
competing risks in our analytical strategy, and performed 
several sensitivity analyses, our findings indicate that 
TAVR patients in this real-world cohort died more overall, 
and not just due to cardiovascular causes, suggesting that 
some source of unmeasured confounding might still be 
present in this observational context.

Although prior RCTs have shown comparable rates of 
adverse cardiac outcomes after TAVR versus SAVR within 
1 or 2 years,31 our study showed that in a real-world popu-
lation with severe AS, transfemoral TAVR was associated 
with higher long-term hazards of myocardial infarction 
and angina readmission at 5 years. More complete coro-
nary artery revascularisation is often achieved with SAVR 
and may at least partially explain these findings. The 
findings suggest that the long-term benefits of TAVR may 
be influenced by a greater incidence of adverse cardiac 
events, highlighting the need for careful selection of 
patients who are most likely to benefit from a TAVR proce-
dure.32 In a recent systematic review and meta-analysis,33 
different frailty indices were predictive of mortality at 
1 year after TAVR, suggesting that frailty might be an 
important factor for patient selection. Notably, in the 
recent FRAILTY-AVR study,34 although frailty was found 
to be a risk factor for death and disability following both 
TAVR and SAVR, depending on the specific frailty index 
used, the prevalence of frailty ranged from 26% to 68%, 
with the Essential Frailty Toolset showing the strongest 
predictive utility for death and disability. In the present 
study, frailty was measured using the Hospital Frailty 
Risk Score,24 which although previously validated, may 
not represent the best index for patient selection for 
TAVR and SAVR and may thus also be a source of poten-
tial residual confounding. Future studies evaluating the 
optimal frailty assessment tool for these patients are 
required.

Strengths and limitations
Our study has several unique strengths. Drawing on data 
from linked administrative data, our study captured all 
eligible patients undergoing TAVR or SAVR in Ontario, 
Canada over a 12-year observation period (2007–2016). 
Without inclusion and exclusion criteria regarding 
patient risk and comorbidities, results of the present 
study are more generalisable to the general popula-
tion of individuals indicated for these interventions. 
Our study also captured multiple outcomes for up to 5 
years, providing essential information on the long-term 
safety and effectiveness of TAVR compared with SAVR 
and addressing, at least partially, several gaps related to 
long-term complications of these procedures. Notably, 
while most published observational studies with a 

propensity score matching used the inverse probability 
weighting method, our study used overlap weighting 
to address the potential for confounding by indica-
tion, which did not require us to exclude subjects with 
extreme propensity scores and was able to effectively 
balance baseline factors across the population with the 
most overlap in observed characteristics between TAVR 
and SAVR.21 22

Despite these strengths, our study is subject to several 
limitations. First, as indicated, due to the observational 
nature of this study, it may be subject to residual or unmea-
sured confounding, such as surgical risk (the Society of 
Thoracic Surgeons score or the European System for 
Cardiac Operative Risk Evaluation), which was not avail-
able for the present analysis. As TAVR is more likely to be 
performed in patients who had high surgical risk score 
or who were inoperable, the increased mortality may be 
related to surgical risk scores instead of the procedure. 
Further, overlap weights did also not include several 
physiological factors including, left ventricular ejection 
fraction, valve anatomy, pulmonary artery pressure, 
which were unavailable in these data. Second, improve-
ment of expertise and technology occurred all along the 
study period, such as the first generation TAVR devices 
(Edwards Sapien XT, Medtronic CoreValve) used in early 
years and the second generation devices (Edwards Sapien 
3, Medtronic Evolut R) used in the later study period, and 
have been shown to be associated with a marked decrease 
in mortality and morbidity.10 15 However, accounting for 
study period did not change the results in our sensitivity 
analysis. Nevertheless, based on our period of observation 
(2007–2016) it is likely that TAVR was mainly performed 
in high and intermediate risk patients. Third, with limited 
data on paravalvular aortic regurgitation and new onset 
left bundle branch block, our study did not examine or 
compare these important adverse events between the two 
groups. These adverse outcomes may provide mechanistic 
information on factors leading to worse clinical outcomes 
in the TAVR group. Finally, although our sensitivity anal-
yses examined the effect of the initiation of cardiovas-
cular medications over follow-up, we were limited to the 
binary classification of this variable and were unable to 
account for the potential time-varying nature of follow-up 
medication usage.

CONCLUSIONS
This study used the overlap propensity score method to 
compare in-hospital and long-term outcomes of TAVR 
versus SAVR in a large, real-world 2007–2016 cohort in 
Ontario, Canada. Our results suggest that compared with 
SAVR, TAVR patients experienced a higher risk of all-
cause, mortality at 1, 3 and 5 years and higher hazards of 
myocardial infarction and angina readmission at 5 years. 
Both cardiovascular and non-cardiovascular mortality 
rates were increased, and we cannot exclude that residual 
or unmeasured confounding due to frailty, surgical risk 
or other physiological factors might have contributed to 
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these findings. More studies in the recent era and with 
long-term follow-up are clearly needed to confirm the 
long-term clinical benefits of TAVR in real life and to 
improve patients’ selection.
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