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Introduction

Given the increasing life expectancy, improvement 
in cardiovascular disease prevention and therapy, and 
technological advancements, the number of individuals with 
treatable structural heart or complex obstructive epicardial 
coronary artery disease (CAD) is rapidly expanding. 
Epidemiological studies support this notion, as evidenced 
by the following: (I) a prevalence of moderate or severe 
valvular heart disease estimated to be 23% in tertiary-care 
referral settings, of which 40% have concurrent CAD; (II) 
the prevalence of valve disease increases from 17% in those 
<45 years old to 28% of patients aged >75 years; (III) nearly 
half of patients are treated conservatively due to perceived 

or realized surgical risks; and (IV) despite a decrease in 
overall CAD burden in the United States over the past two 
decades, the rate of myocardial infarction and necessity for 
aggressive secondary prevention has remained steady (1-5).

This year’s major societal scientific sessions exemplified  
the research and efforts underway to study and apply 
less invasive methods of valvular and complex coronary 
interventions to the aforementioned populations, in hopes 
of expanding treatment indications and improving clinical 
outcomes. Transcatheter aortic valve replacement (TAVR) and 
mitral and tricuspid valve therapy, as well as complex coronary 
interventions, were the focus of important clinical trials and 
registry data reported in 2019. Herein, we provide a select and 
concise review of the most pivotal studies presented.
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A prospective, randomized, controlled, multi-
center study to establish the safety and 
effectiveness of the SAPIEN 3 transcatheter 
heart valve in low risk patients who have severe, 
calcific, aortic stenosis requiring aortic valve 
replacement (PARTNER 3 Trial)

Over the last decade, TAVR has surpassed SAVR as the 
treatment of choice for severe symptomatic aortic stenosis 
(AS) in intermediate and high-risk patients (1,2). However, 
a majority of patients with severe symptomatic AS have a 
low surgical risk (Society of Thoracic Surgeons Predicted 
Risk of Mortality (STS-PROM) score ≤4%) and evidence 
of TAVR benefit in this patient population is extrapolated 
from intermediate and high-risk studies, and registry data. 

The PARTNER 3 tr ial  addressed this  issue by 
randomizing 1,000 low surgical risk patients with severe 
AS (STS <4%) to undergo TAVR (n=503) with a balloon-
expandable SAPIEN 3 valve (Edwards Lifesciences; Irvine, 
CA, USA) or bioprosthetic SAVR (n=497) (6). Patients with 
bicuspid aortic valves (BAV), complex CAD, and severe 
multivalve disease were excluded. The mean age and STS 
score of the patients was 73 years and 1.9%, respectively, 
and 30.7% were women. Primary statistical analysis was 
used in the as-treated population with non-inferiority 
hypothesis (margin 6%), followed by superiority if the non-
inferiority threshold was met. 

The primary composite end point of death, stroke, or 
rehospitalization at 1 year was significantly lower in the 
TAVR group compared with SAVR (HR 0.54; 95% CI: 
0.37–0.79; P=0.001). At 30 days, TAVR was associated with 
decreased rates of stroke (P=0.02), death or stroke (P=0.01), 
and new-onset atrial fibrillation (P<0.001), and a shorter 
hospital length of stay (3 vs. 7 days, P<0.001). Moderate 
or severe paravalvular was present in 0.6% in TAVR 
group vs. 0.5% in SAVR group at 1 year (P=1.00). No 
significant differences between the approaches in vascular 
complications or permanent pacemaker implantations were 
observed. In low-risk patients with severe symptomatic 
AS, TAVR reduced the 1-year primary endpoint of death, 
stroke, or rehospitalization by 46%.

The main limitations of PARTNER 3 are the short-
term follow-up that precludes insight into TAVR 
prosthesis thrombosis and degeneration, and incomplete 
echocardiographic follow-up data. Nevertheless, this trial 
indicates that TAVR is likely to become the preferred 
treatment strategy in low-risk surgical patients with severe AS. 
Long-term follow up outcomes will continue up to 10 years. 

Evolut surgical replacement and transcatheter 
aortic valve implantation in low risk patients

Similar to the PARTNER trials utilizing a balloon-
expandable valve, the self-expandable valve system has also 
been shown to have superior outcomes in patients with 
severe AS at high or prohibitive surgical risk, and non-
inferior outcomes in the intermediate-risk population 
(7,8). The objective of this trial was to compare the 
outcomes between TAVR and SAVR in patients with severe 
symptomatic AS at low surgical risk using a self-expanding 
valve system. 

The Evolut low-risk investigators performed a 
randomized noninferiority trial involving 1,403 low 
surgical risk patients with severe symptomatic AS  
(STS-PROM score ≤3%) allocated to undergo TAVR 
(n=725) or SAVR (n=678) (9). The TAVR were performed 
with one of three self-expanding bioprostheses (CoreValve, 
Evolut R, or Evolut PRO; Medtronic, Minneapolis, 
MN, USA). The primary efficacy and safety composite 
outcomes were death from any cause or disabling stroke 
at 24 months. The mean age of the patients was 74 years, 
34.9% were women, and the mean STS-PROM score 
measured 1.9%. 

The primary composite outcome occurred in 5.3% in 
the TAVR group vs. 6.7% in the SAVR group (P<0.05 for 
noninferiority; P>0.05 for superiority). At 30 days, patients 
in the TAVR group had a lower incidence of stroke (0.5% 
vs. 1.7%), bleeding complications (2.4% vs. 7.5%), acute 
kidney injury (0.9% vs. 2.8%), and atrial fibrillation (7.7% 
vs. 35.4%) compared with SAVR. TAVR patients were also 
found to have a higher incidence of moderate or severe 
paravalvular regurgitation (3.5% vs. 0.5%) and pacemaker 
implantation (17.4% vs. 6.1%). Hemodynamic parameters 
of prosthetic valve function at 12 months were superior 
in patients having undergone TAVR vs. SAVR (mean 
transvalvular gradient: 8.6 vs. 11.2 mmHg; effective orifice 
area: 2.3 vs. 2.0 cm2). Both groups had similar functional 
improvement at 12 months. Of note, patients with BAV 
were excluded from the trial.

In low surgical risk patients with severe symptomatic AS, 
TAVR with the self-expanding CoreValve was noninferior 
to SAVR with respect to hard clinical endpoints; however, 
TAVR patients had a higher incidence of significant 
paravalvular regurgitation and permanent pacemaker 
implantation. This latter point is salient, as these conditions 
are associated with increased morbidity and mortality 
(10,11).
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Outcomes of TAVR with a Balloon-Expandable 
Sapien 3 valve in bicuspid aortic stenosis: an 
analysis of the Society of Thoracic Surgeons/
American College of Cardiology (STS/ACC) 
transcatheter valve therapies (TVT) registry

The objective of this study was to compare the outcomes 
of TAVR for severe AS with a balloon-expandable SAPIEN 
3 valve in BAV (n=2,726) vs. tri-leaflet aortic valves (TAV) 
(n=79,096) as reported in the STS/ACC TVT Registry 
(12). A 1:1 propensity-matched analysis was performed 
in a cohort of 5,382. The median age was 74 years, mean 
STS-PROM score measured 5.0%, and 39.1% were 
women. The primary composite outcomes were 30-day and 
1-year mortality and stroke; secondary outcomes included 
procedural complications, valve hemodynamics, and quality-
of-life assessment.

In the adjusted analysis, all-cause mortality at 30 days 
(2.6% vs. 2.5%; HR 1.04; 95% CI: 0.74–1.47) and 1-year 
(10.5% vs. 12.0%; HR 0.90; 95% CI: 0.73–1.10) was not 
significantly different between patients with BAV vs. TAV. 
The rate of moderate or severe paravalvular leak (3.2% vs. 
2.5%) and improvement in quality of life score (KCCQ 
score: −2.4 vs. −5.1; P=0.08) at 1-year were also similar. 
However, there was a greater prevalence of stroke (2.4% 
vs. 1.6%; P=0.02), pacemaker implantation (9.1% vs. 7.5%; 
P=0.03), conversion to surgery (0.9% vs. 0.4%; P=0.03), 
and aortic annular rupture (0.3% vs. 0.0%; P=0.02)  
in BAV.

The outcomes of TAVR in BAV are improving when 
compared to prior observational studies (13,14). TAVR 
appears effective, however, there exists a higher risk of 
stroke, pacemaker implantation, and aortic trauma amongst 
patients with BAV. Randomized trials are needed to 
discern the true risk vs. benefit of TAVR in BAV, with risk 
stratification and treatment approach individualized for 
each patient. 

Randomized comparative effectiveness study of 
complete versus culprit-only revascularization 
strategies to treat multi-vessel disease after 
early percutaneous coronary intervention for 
ST-segment elevation myocardial infarction 
(COMPLETE Trial)

Percutaneous coronary intervention (PCI) is the gold 
standard of myocardial revascularization and reperfusion 

for patients with ST-elevation myocardial infarction 
(STEMI) (15,16).  Non-culprit  lesion stenting vs. 
conservative management with guideline directed medical 
therapy (GDMT) alone is a common dilemma; published 
data suggests a possible reduction in clinical events with 
complete myocardial revascularization (17-20). 

The COMPLETE trial randomized 4,041 patients 
to a strategy of complete (n=2,016) vs. culprit-lesion-
only (n=2,025) revascularization in the setting of STEMI 
and multivessel CAD (20). Clinically significant non-
culprit lesions were diagnosed if at least 70% of the 
vessel diameter on visual estimation was stenosed, or with 
50% to 69% stenosis accompanied by a fractional flow 
reserve measurement ≤0.80. The main exclusion criteria 
were pre-randomization planning for non-culprit lesion 
stenting or surgical revascularization, or previous coronary 
artery bypass graft (CABG) surgery. Randomization was 
performed no later than 72 hours after the index PCI, and 
complete revascularization was mandated within 45 days 
of discharge in the culprit-lesion-only PCI group. Dual 
antiplatelet therapy with aspirin and ticagrelor for at least 1 
year was recommended. 

Mean age was 61 years, 20% were females, and 20% 
had diabetes mellitus. At discharge 99% were on aspirin, 
64% on ticagrelor, and 25% on clopidogrel, with excellent 
adherence to GDMT for secondary prevention. At a mean 
follow up of 36.2 months the first co-primary outcome of 
death from cardiovascular (CV) causes or new myocardial 
infarction (MI) occurred in 7.8% vs. 10.5% of the complete 
vs. culprit lesion-only PCI groups (HR 0.74; 95% CI: 0.60–
0.91; P=0.004). The second coprimary composite outcome 
of death from CV causes, new MI, or ischemia driven 
revascularization was also significantly decreased in the 
complete revascularization group (8.9% vs. 16.7%; HR 0.51; 
95% CI: 0.43–0.61; P<0.001). Landmark analyses revealed 
that the early clinical benefit of complete revascularization 
was driven by decreased ischemia-driven revascularization, 
while late benefit was centered on attenuated risks for CV 
mortality and MI.

Despite having non-blinded inclusion criteria in regards 
to the timing of non-culprit lesion PCI and angiographic 
findings, the COMPLETE trial provides strong evidence 
that total myocardial revascularization both at index 
hospitalization or within a short-term follow-up period after 
STEMI, improves morbidity and mortality in this high-risk 
population.
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Synergy between PCI with TAXUS and cardiac 
surgery: extended survival (10-Year) follow-up of 
the multicenter randomized controlled SYNTAX 
trial (SYNTAXES study)

The SYNTAX Extended Survival Study (SYNTAXES) 
presents the 10-year outcomes from the SYNTAX trial, 
which compared PCI (n=903) using first-generation 
Paclitaxel-eluting stents with CABG (n=897) in patients 
with three-vessel or left main CAD (21,22). The mean 
age was 65 years, 22% were female, mean SYNTAX score 
measured 29, left main CAD was present in 40%, and 60% 
had three-vessel CAD. At 10 years post-revascularization, 
all-cause mortality was observed in 27% of the PCI group 
vs. 24% of the CABG group (HR 1.17; 95% CI: 0.97–1.41; 
P=0.092). In landmark analyses, patients with three-
vessel CAD had a higher mortality when treated with PCI 
as compared with CABG (28% vs. 21%; HR 1.41; 95% 
CI: 1.10–1.80), while no difference was observed in left 
main CAD (26% vs. 28%; HR 0.90; 95% CI: 0.68–1.20). 
Additionally, there was no treatment interaction between 
PCI and CABG in diabetic patients (P=0.66) or in mild 
(SYNTAX score ≤22) to moderately complex (SYNTAX 
score 23–31) CAD; in patients with CAD and SYNTAX 
score ≥33, CABG may be the preferable option (10-year all-
cause mortality: PCI 34 vs. CABG 26%; HR 1.41; 95% CI: 
1.05–1.89).

An important limitation to the present data is the 
lack of details regarding the primary endpoint of all-
cause death; the study did not differentiate between non-
cardiac and cardiac mortality, the latter of which can result 
from myocardial infarction, stent thrombosis, or bypass 
graft occlusion. An additional caveat was the use of first-
generation Paclitaxel-eluting stents for PCI, which have 
been surpassed with regards to clinical outcomes by the 
current durable polymer intracoronary stents (23,24). 
Nevertheless, the SYNTAXES study provides impressive 
10-year follow-up which showed a survival benefit with 
CABG in patients with three-vessel disease, but not in 
patients with isolated left main CAD.

Percutaneous repair or medical treatment for 
secondary mitral regurgitation: reconciling the 
2-year outcomes of the COAPT and MITRA-FR 
trials

Secondary mitral regurgitation (MR) is a consequence 
of left ventricular (LV) remodeling and papillary muscle 

displacement, which results in mitral valve leaflet tethering 
and incomplete systolic closure (25-27). The mainstay of 
treatment is GDMT and neurohormonal blockade for heart 
failure (HF) with reduced ejection fraction (28,29). While 
surgical mitral valve replacement provides a more durable 
correction of secondary MR as compared with repair, to 
date neither approach has been shown to significantly 
impact survival (30,31).

The Cardiovascular Outcomes Assessment of the 
MitraClip Percutaneous Therapy for Heart Failure Patients 
with Functional Mitral Regurgitation (COAPT) trial 
compared percutaneous edge-to-edge mitral valve repair 
(MitraClip system, Abbott Vascular, Chicago, IL, USA) plus 
GDMT (n=302) vs. GDMT alone (n=312) for moderate 
to severe secondary MR (32). The mean age, MR effective 
regurgitant orifice area (EROA), LV end-diastolic volume 
index, and LV ejection fraction were 72 years, 0.4 cm2, 193 
mL, and 31%. At 24-month follow-up, MitraClip plus 
GDMT was associated with decreased all-cause mortality 
(29% vs. 46%; HR 0.62; 95% CI: 0.46–0.82; P<0.001) and 
HF hospitalizations (36% vs. 68%; HR 0.53; 95% CI: 0.4–
0.7; P<0.001) when compared with GDMT alone. These 
outcomes were observed out to a 36-month preliminary 
analysis; additionally, patients crossing over from GDMT 
only to MitraClip treatment at 24 months had a 57% 
reduced risk of mortality or heart failure hospitalization in 
the subsequent 12 months post-intervention (33).

Conversely, the smaller Multicentre Randomized Study 
of Percutaneous Mitral Valve Repair MitraClip Device 
in Patients with Severe Secondary Mitral Regurgitation 
(MITRA-FR) trial enrolled 304 patients in a 1:1 fashion to 
receive MitraClip plus GDMT vs. GDMT alone (n=152 
each) (34). The mean age, EROA, LV end-diastolic volume 
index, and LV ejection fraction were 70 years, 0.31 cm2, 
101 mL/m2, and 33%, respectively. At 24-month follow-
up, there was no difference in all-cause mortality (34.9% vs. 
34.2%; HR 1.02; 95% CI: 0.70–1.50) or HF hospitalizations 
(55.9% vs. 61.8%; HR 0.97; 95% CI: 0.72–1.30) between 
the MitraClip plus GDMT vs. GDMT only groups (35).

The COAPT and MITRA-FR trials were divergent, 
however, they reconciled each study’s main findings. Firstly, 
the cohort enrolled in COAPT had more severe MR and 
less remodeled left ventricles at the time of intervention 
when compared with MITRA-FR. The extent of LV 
remodeling at baseline and its persistence after mitral valve 
intervention are powerful predictors of outcomes (36,37). 
The prevalence of a baseline EROA <0.3 cm2 was far lower 
in COAPT (14% vs. 52%), and importantly, the COAPT 
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subgroup that did not experience a benefit with MitraClip 
had a similar extent of LV remodeling and MR severity as 
MITRA-FR (EROA <0.3 cm2 + LV end-diastolic volume 
index >96 mL/m2) (38). Secondly, GDMT was maximally 
tolerated in COAPT enrollees but continually adjusted 
according to practice guidelines in MITRA-FR. Patients in 
MITRA-FR may have benefited from up-titration of their 
neurohormonal blockade during the trial period, which 
influences the severity of MR based on its close dependence 
to LV function, hemodynamics, and volume load (39,40). 
Finally, a substantial amount of echocardiographic analyses 
and quality-of-life metrics were missing from the final 
MITRA-FR analysis, imparting an important selection and 
attrition bias when interpreting the data.

In summary, the COAPT and MITRA-FR trials 
complementarily showed that in addition to GDMT, 
the MitraClip system decreases morbidity and mortality 
in carefully selected patients with symptomatic heart 
failure, moderate to severe secondary MR, and without 
a markedly dilated LV. The core echocardiography 
laboratory integrative grading algorithm used in COAPT, 
which includes three different tiers of hemodynamically 
significant MR diagnosed by multiparametric inclusion 
criteria, allows for selection of candidates most likely to 
benefit from MitraClip (41). Given the large heart failure 
and valvular heart disease population not represented in this 
subset, these trials provide impetus for continued study and 
development of percutaneous therapies. 

International study of comparative health 
effectiveness with medical and invasive 
approaches (ISCHEMIA Trial)

Prior randomized trials (i.e., COURAGE, BARI 2D, 
ORBITA) have suggested that in the current era of 
GDMT, routine coronary revascularization for stable 
ischemic heart disease (SIHD) does not improve clinical 
outcomes compared with GDMT alone (42-44). However, 
in fractional flow reserve-guided PCI trials and large 
meta-analyses myocardial revascularization in SIHD 
may decrease cardiovascular morbidity and mortality, 
commensurate to the extent of ischemia (45,46). The 
international ISCHEMIA trial randomized 5,179 patients 
with SIHD to lifestyle modification and GDMT vs. PCI or 
CABG plus GDMT (47). The mean age was 64 years, 83% 
had moderate-to-severe inducible ischemia on stress testing, 
79% had multi-vessel CAD, 19% had a prior myocardial 
infarction, and 41% were diabetic. 

At a follow-up of 3.3 years, there was no significant 
difference in the primary composite endpoint of CV death, 
MI, hospitalization for unstable angina or heart failure, or 
cardiac arrest (HR 0.93; 95% CI: 0.80–1.08; P=0.34), nor 
in the individual secondary endpoints of all-cause mortality 
(6.5% vs. 6.4%; P=0.67) and CV death or MI (13.9% vs. 
11.7%; P=0.21) between the GDMT only vs. myocardial 
revascularization plus GDMT groups. No heterogeneity 
in treatment effect was observed amongst important 
subgroups, including by severity or extent of ischemia and 
CAD. Similarly, no benefit to invasive treatment of SIHD 
was observed in the complementary ISCHEMIA-CKD trial 
of 777 patients with an estimated glomerular filtration rate 
<30 mL/min/1.73 m2 or on permanent hemodialysis (48).

Patients were excluded from the ISCHEMIA trial if 
they had ≥50% obstructive CAD of the left main coronary 
artery, an LV ejection fraction ≤35%, or New York Heart 
Association functional class III or IV heart failure, limiting 
the generalizability of the findings to these high-risk groups. 
In summary, an invasive strategy with PCI or CABG 
for patients with SIHD, moderate to severe ischemia, 
and mild to moderate LV dysfunction did not attenuate 
cardiovascular morbidity and mortality at mid-term  
follow-up. 

Randomized comparison of early surgery versus 
conventional treatment in very severe aortic 
stenosis (RECOVERY Trial)

Aortic valve replacement is the only effective treatment for 
severe symptomatic AS; it remains unknown if patients with 
very severe asymptomatic AS benefit from early intervention 
(49,50). The RECOVERY trial randomized 145 patients 
with very severe AS, defined as an aortic valve area ≤0.75 
cm2, and either a peak transaortic velocity ≥4.5 m/s or a 
mean transaortic gradient ≥50 mmHg, in a 1:1 open-label 
protocol to early SAVR (n=73) or conservative therapy 
(n=72) (51). Individuals with an LV ejection fraction <50%, 
significant aortic regurgitation or mitral valve disease, prior 
cardiac intervention, and age >80 years were excluded. 

Mean age was 64 years and LV ejection fraction 
measured 65%, 51% were females, and 60% of patients had 
BAV. At 4 years, operative or CV mortality occurred in 1% 
vs. 6% of patients treated with early surgery vs. conservative 
therapy. At 8 years, early surgery was associated with a 
lower prevalence of operative or CV mortality (1% vs. 26%; 
P=0.003) all-cause mortality (10% vs. 32%; P<0.05), and 
heart failure hospitalization (0% vs. 11%; P<0.05), when 
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compared with a conservative approach. 
The results RECOVERY signal that early SAVR for 

patients with asymptomatic very severe AS improves 
survival up to 8 years post-operatively when compared 
with conservative management. It is important to note that 
RECOVERY patients were low-surgical risk candidates 
with a mean EuroSCORE II of 0.9%, had preserved LV 
systolic function, and a low prevalence of obstructive 
CAD.

A randomized multicentre trial to evaluate 
the utilization of revascularization or optimal 
medical therapy for the treatment of chronic 
total coronary occlusions (EUROCTO Trial)

Coronary chronic total occlusions (CTO) are found in up 
to 25% of patients with SIHD and when revascularized, 
may improve angina and health status (52,53). The 
EUROCTO trial evaluated the benefit of PCI plus GDMT 
compared with GDMT alone among patients with stable 
angina and CTO, in whom multivessel non-CTO lesions 
were revascularized electively at least 4 weeks prior to  
allocation (54). 

A total of 396 patients were randomized to PCI with a 
Biolimus-eluting stent plus GDMT (n=259) vs. GDMT 
alone (n=137); mean age was 65 years, 16% were females, 
and 27% had diabetes mellitus. PCI was successfully 
performed in 87% of the allocated intervention group, and 
7.3% of those treated with GDMT only crossed over and 
received PCI. At 3-year follow-up, CTO-revascularization 
plus GDMT was associated with greater resolution of 
angina (71.6% vs. 57.8%; P=0.008) and less ischemia-driven 
revascularization (2% vs. 6.7%; P=0.04), when compared 
with GDMT alone. Importantly, there was no difference 
in the hard endpoints of CV mortality or MI (5% vs. 2.9%; 
P=0.32), or in adverse cardiovascular and cerebrovascular 
events (5.2% vs. 6.7%; P=0.55) between PCI plus GDMT 
vs. GDMT alone. 

Interpretation of these outcomes must be placed within 
the context of two earlier studies of CTO intervention. 
In Drug-Eluting Stent Implantation vs. Optimal Medical 
Treatment in Patients trial (DECISION-CTO), while no 
benefit was observed with CTO revascularization, non-
occlusive CAD was not routinely addressed and there 
was a nearly 20% cross-over rate, introducing powerful 
confounders (55). In the sham-PCI Objective Randomized 
Blinded Investigation with Optimal Medical Therapy of 
Angioplasty in Stable Angina Trial (ORBITA), no difference 

in outcomes including angina and health status were 
reported between PCI plus GDMT vs. GDMT only (plus 
sham PCI). While EUROCTO adds to our knowledge 
regarding optimal treatment strategies of CTO lesions, a 
multi-disciplinary heart team approach is critical.

The transcatheter tricuspid valve therapies 
(TriValve) registry: percutaneous treatment of 
severe symptomatic tricuspid regurgitation 

It is well established that clinically significant tricuspid 
regurgitation (TR) increases cardiovascular morbidity and 
mortality (56,57). Unfortunately, TR is underdiagnosed 
and undertreated; less than 5% of patients with indications 
for tricuspid valve surgery have intervention due to 
a high operative risk and lack of definitive long-term 
benefit (58,59). Given the less invasive percutaneous 
options available which may decrease risk and improve 
outcomes, the TriValve registry prospectively enrolled and 
closely follows 472 international patients who underwent 
transcatheter tricuspid valve intervention (TTVI) between 
2016 to 2018 (60). 

A propensity-matched study of 536 patients with 
moderate or greater TR and managed with TTVI vs. 
medical therapy was constructed using the TriValve 
TTVI registry and a separate cohort of patients under 
conservative treatment. Patients were paired based on 
age, Euroscore II, and systolic pulmonary artery pressure. 
The mean age and LV ejection fraction were 77 years and 
50%, respectively, with >90% having secondary/functional 
TR. At 1-year follow-up, TTVI was associated with lower 
mortality (23% vs. 36%; P=0.001) and rehospitalization 
(26% vs. 47%; P<0.0001), and greater combined survival 
and freedom from HF rehospitalization (HR 0.60; 95% CI: 
0.46–0.79; P=0.003). These outcomes remained significant 
despite adjustment for sex, HF severity, right ventricular 
dysfunction, atrial fibrillation, and presence of MR or 
pacemaker/defibrillator.

The promising results of TTVI when compared with 
conservative medical management for severe TR create the 
potential for a treatment option in a high-risk subset of the 
valvular heart disease population. Ongoing randomized 
trials of leaflet and annular-based tricuspid valve therapies 
for primary and secondary TR are eagerly awaited.

Acknowledgments

Funding: None.



2916 Lugo et al. 2019 valvular and complex coronary intervention trials

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(5):2910-2918 | http://dx.doi.org/10.21037/jtd.2019.12.138

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editors (Christos G. Mihos) for the series 
“Novel Concepts in Cardiopulmonary and Structural Heart 
Disease” published in Journal of Thoracic Disease. The article 
was sent for external peer review organized by the Guest 
Editor and the editorial office.

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at http://dx.doi.
org/10.21037/jtd.2019.12.138). The series “Novel Concepts 
in Cardiopulmonary and Structural Heart Disease” was 
commissioned by the editorial office without any funding or 
sponsorship. CGM served as the unpaid Guest Editor of the 
series and serves as an unpaid editorial member of Journal of 
Thoracic Disease from Jan 2019 to Dec 2020. FN serves as an 
unpaid editorial member of Journal of Thoracic Disease from 
Aug 2019 to Jul 2021. The other authors have no other 
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all as-
pects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropri-
ately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Domenech B, Pomar JL, Prat-González S, et al. Valvular 
heart disease epidemics. J Heart Valve Dis 2016;25:1-7.

2.	 Grover FL, Vemulapalli S, Carroll JD, et al. 2016 annual 
report of The Society of Thoracic Surgeons/American 
College of Cardiology Transcatheter Valve Therapy 
Registry. J Am Coll Cardiol 2017;69:1215-30. 

3.	 Fernandez FG, Shahian DM, Kormos R, et al. The Society 
of Thoracic Surgeons National Database 2019 annual 
report. Ann Thorac Surg 2019;108:1625-32. 

4.	 Wallenborn J, Störk S, Herrmann S, et al. Prevalence 

of severe mitral regurgitation eligible for edge-to-
edge mitral valve repair (MitraClip). Clin Res Cardiol 
2016;105:699-709. 

5.	 Bach DS, Siao D, Girard SE, et al. Evaluation of patients 
with severe symptomatic aortic stenosis who do not 
undergo aortic valve replacement: the potential role of 
subjectively overestimated operative risk. Circ Cardiovasc 
Qual Outcomes 2009;2:533-39. 

6.	 Mack MJ, Leon MB, Thourani VH, et al. Transcatheter 
Aortic-Valve Replacement with a Balloon-Expandable 
Valve in Low-Risk Patients. N Engl J Med 
2019;380:1695-705.

7.	 Adams DH, Popma JJ, Reardon MJ, et al. Transcatheter 
aortic-valve replacement with a self-expanding prosthesis. 
N Engl J Med 2014;370:1790-98.

8.	 Reardon MJ, Adams DH, Kleiman NS, et al. 2-Year 
outcomes in patients undergoing surgical or self-expanding 
transcatheter aortic valve replacement. J Am Coll Cardiol 
2015;66:113-21.

9.	 Popma JJ, Adams DH, Reardon MJ, et al. Transcatheter 
aortic valve replacement using a self-expanding bioprosthesis 
in patients with severe aortic stenosis at extreme risk for 
surgery. J Am Coll Cardiol 2014;63:1972-81.

10.	 Athappan G, Patvardhan E, Tuzcu EM, et al. Incidence, 
predictors, and outcomes of aortic regurgitation after 
transcatheter aortic valve replacement: meta-analysis 
and systematic review of literature. J Am Coll Cardiol 
2013;61:1585-95. 

11.	 Regueiro A, Abdul-Jawad Altisent O, Del Trigo M, et 
al. Impact of new-onset left bundle branch block and 
periprocedural permanent pacemaker implantation on 
clinical outcomes in patients undergoing transcatheter 
aortic valve replacement: A systematic review and meta-
analysis. Circ Cardiovasc Interv 2016;9:e003635. 

12.	 Makkar RR, Yoon SH, Leon MB, et al. Association 
between transcatheter aortic valve replacement for bicuspid 
vs. tricuspid aortic stenosis and mortality or stroke. JAMA 
2019;321:2193-202.

13.	 Hira RS, Vemulapalli S, Li Z, et al. Trends and outcomes 
of off-label use of transcatheter aortic valve replacement: 
insights from the NCDR STS/ACC TVT Registry. JAMA 
Cardiol 2017;2:846-54. 

14.	 Yoon SH, Bleiziffer S, De Backer O, et al. Outcomes 
in transcatheter aortic valve replacement for bicuspid 
vs. tricuspid aortic valve stenosis. J Am Coll Cardiol 
2017;69:2579-89.

15.	 O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/
AHA guideline for the management of ST-elevation 

http://dx.doi.org/10.21037/jtd.2019.12.138
http://dx.doi.org/10.21037/jtd.2019.12.138
https://creativecommons.org/licenses/by-nc-nd/4.0/


2917Journal of Thoracic Disease, Vol 12, No 5 May 2020

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(5):2910-2918 | http://dx.doi.org/10.21037/jtd.2019.12.138

myocardial infarction: executive summary: a report of the 
American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. J 
Am Coll Cardiol 2013;61:485-510.

16.	 Ibanez B, James S, Agewall S, et al. 2017 ESC guidelines 
for the management of acute myocardial infarction in 
patients presenting with ST-segment elevation: The Task 
Force for the management of acute myocardial infarction 
in patients presenting with ST-segment elevation of the 
European Society of Cardiology (ESC). Eur Heart J 
2018;39:119-77.

17.	 Bainey KR, Welsh RC, Toklu B, et al. Complete vs. 
culprit-only percutaneous coronary intervention in 
STEMI with multivessel disease: a meta-analysis and trial 
sequential analysis of randomized trials. Can J Cardiol 
2016;32:1542-51.

18.	 Elgendy IY, Mahmoud AN, Kumbhani DJ, et al. 
Complete or culprit-only revascularization for patients 
with multivessel coronary artery disease undergoing 
percutaneous coronary intervention: a pairwise and 
network meta-analysis of randomized trials. JACC 
Cardiovasc Interv 2017;10:315-24.

19.	 Tarantini G, D’Amico G, Brener SJ, et al. Survival after 
varying revascularization strategies in patients with ST-
segment elevation myocardial infarction and multivessel 
coronary artery disease: a pairwise and network meta-
analysis. JACC Cardiovasc Interv 2016;9:1765-76.

20.	 Mehta SR, Wood DA, Storey RF, et al. Complete 
Revascularization with Multivessel PCI for Myocardial 
Infarction. N Engl J Med 2019;381:1411-21. 

21.	 Serruys PW, Morice MC, Kappetein AP, et al. 
Percutaneous coronary intervention vs. coronary-artery 
bypass grafting for severe coronary artery disease. N Engl 
J Med 2009;360:961-72. 

22.	 Thuijs DJFM, Kappetein AP, Serruys PW, et al. 
Percutaneous coronary intervention vs. coronary artery 
bypass grafting in patients with three-vessel or left 
main coronary artery disease: 10-year follow-up of the 
multicentre randomised controlled SYNTAX trial. Lancet 
2019;394:1325-34. 

23.	 Bangalore S, Kumar S, Fusaro M, et al. Short- and long-
term outcomes with drug-eluting and bare-metal coronary 
stents: a mixed-treatment comparison analysis of 117 
762 patient-years of follow-up from randomized trials. 
Circulation 2012;125:2873-91. 

24.	 Alazzoni A, Al-Saleh A, Jolly SS. Everolimus-Eluting 
vs. Paclitaxel-Eluting Stents in Percutaneous Coronary 
Intervention: Meta-Analysis of Randomized Trials. 

Thrombosis 2012;2012:126369.
25.	 Tibayan FA, Rodriguez F, Zasio MK, et al. Geometric 

distortions of the mitral valvular-ventricular complex 
in chronic ischemic mitral regurgitation. Circulation 
2003;108 Suppl 1:II116-21. 

26.	 Kalra K, Wang Q, McIver BV, et al. Temporal changes 
in interpapillary muscle dynamics as an active indicator 
of mitral valve and left ventricular interaction in ischemic 
mitral regurgitation. J Am Coll Cardiol 2014;64:1867-79. 

27.	 Silbiger JJ. Mechanistic insights into ischemic mitral 
regurgitation: echocardiographic and surgical implications. 
J Am Soc Echocardiogr 2011;24:707-19. 

28.	 Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC 
Guidelines for the diagnosis and treatment of acute and 
chronic heart failure: The Task Force for the diagnosis 
and treatment of acute and chronic heart failure of the 
European Society of Cardiology (ESC). Eur J Heart Fail 
2016;18:891-975. 

29.	 Yancy CW, Jessup M, Bozkurt B, et al. 2016 ACC/AHA/
HFSA Focused update on new pharmacological therapy 
for heart failure: an update of the 2013 ACCF/AHA 
Guideline for the management of heart failure: a report 
of the American College of Cardiology/American Heart 
Association Task Force on Clinical Practice Guidelines 
and the Heart Failure Society of America. Circulation 
2016;134:e282-93.

30.	 Goldstein D, Moskowitz AJ, Gelijns AC, et al. Two-year 
outcomes of surgical treatment of severe ischemic mitral 
regurgitation. N Engl J Med 2016;374:344-53. 

31.	 Dayan V, Soca G, Cura L, et al. Similar survival after 
mitral valve replacement or repair for ischemic mitral 
regurgitation: a meta-analysis. Ann Thorac Surg 
2014;97:758-65. 

32.	 Stone GW, Lindenfeld J, Abraham WT, et al. 
Transcatheter mitral-valve repair in patients with heart 
failure. N Engl J Med 2018;379:2307-18.

33.	 TCT 2019 COAPT slides. Available online: https://
www.acc.org/education-and-meetings/image-and-slide-
gallery/media-detail?id=A47D36E64F6D44FCA03AE5B
84065B0AC

34.	 Obadia JF, Messika-Zeitoun D, Leurent G, et al. 
Percutaneous repair or medical treatment for secondary 
mitral regurgitation. N Engl J Med 2018;379:2297-306.

35.	 Iung B, Armoiry X, Vahanian A, et al. Percutaneous repair 
or medical treatment for secondary mitral regurgitation: 
outcomes at 2 years. Eur J Heart Fail 2019;21:1619-27. 

36.	 De Bonis M, Lapenna E, Verzini A, et al. Recurrence of 
mitral regurgitation parallels the absence of left ventricular 



2918 Lugo et al. 2019 valvular and complex coronary intervention trials

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(5):2910-2918 | http://dx.doi.org/10.21037/jtd.2019.12.138

reverse remodeling after mitral repair in advanced dilated 
cardiomyopathy. Ann Thorac Surg 2008;85:932-39. 

37.	 Takeda K, Sakaguchi T, Miyagawa S, et al. The extent 
of early left ventricular reverse remodelling is related to 
midterm outcomes after restrictive mitral annuloplasty in 
patients with non-ischaemic dilated cardiomyopathy and 
functional mitral regurgitation. Eur J Cardiothorac Surg 
2012;41:506-11. 

38.	 TCT 2018 COAPT slides. Available online: www.
clinicaltrialresults.org/Slides/TCT2018/COAPT_Stone.pptx

39.	 Bertrand PB, Schwammenthal E, Levine RA, et al. 
Exercise dynamics in secondary mitral regurgitation: 
pathophysiology and therapeutic implications. Circulation 
2017;135:297-314. 

40.	 Capomolla S, Febo O, Gnemmi M, et al. Beta-blockade 
therapy in chronic heart failure: diastolic function and 
mitral regurgitation improvement by carvedilol. Am Heart 
J 2000;139:596-608. 

41.	 Asch FM, Grayburn PA, Siegel RJ, et al. Echocardiographic 
outcomes after transcatheter leaflet approximation in 
patients with secondary mitral regurgitation: The COAPT 
Trial. J Am Coll Cardiol 2019;74:2969-79.

42.	 Boden WE, O'Rourke RA, Teo KK, et al. Optimal medical 
therapy with or without PCI for stable coronary disease. N 
Engl J Med 2007;356:1503-16.

43.	 Chaitman BR, Hardison RM, Adler D, et al. The BARI 
2D randomized trial of different treatment strategies in 
type 2 diabetes mellitus with stable ischemic heart disease. 
Impact of treatment strategy on cardiac mortality and 
myocardial infarction. Circulation 2009;120:2529-40.

44.	 Al-Lamee R, Thompson D, Dehbi HM, et al. 
Percutaneous coronary intervention in stable angina 
(ORBITA): a double-blind, randomised controlled trial. 
Lancet 2018;391:31-40. 

45.	 Xaplanteris P, Fournier S, Pijls NHJ, et al. Five-year 
outcomes with PCI guided by fractional flow reserve. N 
Engl J Med 2018;379:250-59. 

46.	 Windecker S, Stortecky S, Stefanini GG, et al. 
Revascularisation versus medical treatment in patients with 
stable coronary artery disease: network meta-analysis. BMJ 
2014;348:g3859. 

47.	 AHA 2019 ISCHEMIA slides. Available online: https://
www.ischemiatrial.org/system/files/attachments/
ISCHEMIA%20MAIN%2012.03.19%20MASTER.pdf

48.	 AHA 2019 ISCHEMIA-CKD slides. Available online: 
https://www.ischemiatrial.org/system/files/attachments/
ISCHEMIA%20CKD%20Main%20v1.1_FINAL_0.pdf

49.	 Baumgartner H, Falk V, Bax JJ, et al. 2017 ESC/EACTS 

guidelines for the management of valvular heart disease. 
Eur Heart J 2017;38:2739-91. 

50.	 Nishimura RA, Otto CM, Bonow RO, et al. 2017 AHA/
ACC focused update of the 2014 AHA/ACC Guideline for 
the Management of Patients With Valvular Heart Disease: 
A report of the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice 
Guidelines. J Am Coll Cardiol 2017;70:252-89. 

51.	 Kang DH, Park SJ, Lee SA, et al. Early surgery or 
conservative care for asymptomatic aortic stenosis. N Engl 
J Med 2020. doi: 10.1056/NEJMoa1912846.

52.	 Fefer P, Knudtson ML, Cheema AN, et al. Current 
perspectives on coronary chronic total occlusions: the 
Canadian Multicenter Chronic Total Occlusions Registry. 
J Am Coll Cardiol 2012;59:991-97.

53.	 Sianos G, Werner GS, Galassi AR, et al. Recanalization 
of chronic total coronary occlusions: 2012 consensus 
document from the EuroCTO club. Euro Intervention 
2012;8:139-45.

54.	 Werner GS, Martin-Yuste V, Hildick-Smith D, et al. A 
randomized multicentre trial to compare revascularization 
with optimal medical therapy for the treatment of chronic 
total coronary occlusions. Eur Heart J 2018;39:2484-93. 

55.	 Lee SW, Lee PH, Ahn JM, et al. Randomized Trial 
Evaluating Percutaneous Coronary Intervention for 
the Treatment of Chronic Total Occlusion. Circulation 
2019;139:1674-83. 

56.	 Nath J, Foster E, Heidenreich PA. Impact of tricuspid 
regurgitation on long-term survival. J Am Coll Cardiol 
2004;43:405-9.

57.	 Topilsky Y, Nkomo VT, Vatury O et al. Clinical outcome 
of isolated tricuspid regurgitation. JACC Cardiovasc 
Imaging 2014;7:1185-94.

58.	 Axtell AL, Bhambhani V, Moonsamy P, et al. Surgery 
does not improve survival in patients with isolated severe 
tricuspid regurgitation. J Am Coll Cardiol 2019;74:715-25. 

59.	 Santana O, Xydas S, Williams RF, et al. Outcomes of 
minimally invasive double valve surgery. J Thorac Dis 
2017;9:S602-6. 

60.	 Taramasso M, Benfari G, van der Bijl P, et al. Transcatheter 
vs. medical treatment of symptomatic severe tricuspid 
regurgitation. J Am Coll Cardiol 2019;74:2998-3008.

Cite this article as: Lugo D, Pulido Ramirez AL, Lo Presti S, 
Nappi F, Mihos CG. Structural heart disease: the year in 
valvular and complex coronary intervention trials. J Thorac Dis 
2020;12(5):2910-2918. doi: 10.21037/jtd.2019.12.138


