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Left ventricular (LV) dysfunction portends an increased risk 
of perioperative mortality in patients undergoing surgi-

cal aortic valve replacement (SAVR) for symptomatic severe 
aortic stenosis (AS).1–5 Although patients with LV dysfunction 
face increased early risk, SAVR for severe AS is associated 
with a large survival advantage and improvements in LVEF and 
clinical symptoms when compared with conservative manage-
ment, regardless of baseline LV function.2,6–8 However, despite 

these benefits, the operative risk attributable to LV dysfunction, 
in combination with advanced age and other comorbid condi-
tions, may preclude surgical intervention.8

Editorial see p 596

Transcatheter aortic valve replacement (TAVR) has emerged 
as an effective and safe alternative for inoperable patients 
and those thought to possess high operative risk.9–11 Evidence 

Background—The Placement of Aortic Transcatheter Valves (PARTNER) trial demonstrated similar survival after 
transcatheter and surgical aortic valve replacement (TAVR and SAVR, respectively) in high-risk patients with symptomatic, 
severe aortic stenosis. The aim of this study was to evaluate the effect of left ventricular (LV) dysfunction on clinical 
outcomes after TAVR and SAVR and the impact of aortic valve replacement technique on LV function.

Methods and Results—The PARTNER trial randomized high-risk patients with severe aortic stenosis to TAVR or SAVR. 
Patients were stratified by the presence of LV ejection fraction (LVEF) <50%. All-cause mortality was similar for TAVR 
and SAVR at 30-days and 1 year regardless of baseline LV function and valve replacement technique. In patients with LV 
dysfunction, mean LVEF increased from 35.7±8.5% to 48.6±11.3% (P<0.0001) 1 year after TAVR and from 38.0±8.0% 
to 50.1±10.8% after SAVR (P<0.0001). Higher baseline LVEF (odds ratio, 0.90 [95% confidence interval, 0.86, 0.95]; 
P<0.0001) and previous permanent pacemaker (odds ratio, 0.34 [95% confidence interval, 0.15, 0.81]) were independently 
associated with reduced likelihood of ≥10% absolute LVEF improvement by 30 days; higher mean aortic valve gradient 
was associated with increased odds of LVEF improvement (odds ratio, 1.04 per 1 mm Hg [95% confidence interval, 1.01, 
1.08]). Failure to improve LVEF by 30 days was associated with adverse 1-year outcomes after TAVR but not SAVR.

Conclusions—In high-risk patients with severe aortic stenosis and LV dysfunction, mortality rates and LV functional recovery 
were comparable between valve replacement techniques. TAVR is a feasible alternative for patients with symptomatic 
severe aortic stenosis and LV dysfunction who are at high risk for SAVR.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00530894.   
(Circ Cardiovasc Interv. 2013;6:604-614.)
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addressing the comparative risk profile and efficacy of TAVR 
and SAVR in patients with LV dysfunction is limited.10,12–15 Data 
from nonrandomized analyses suggest that TAVR is associated 
with superior postoperative LVEF recovery but similar peripro-
cedural mortality compared with SAVR16; however, significant 
differences in patient characteristics make such nonrandomized 
comparisons difficult to interpret.17 To address these uncertain-
ties, we evaluated the effect of LV dysfunction on clinical out-
comes after TAVR and SAVR and the impact of aortic valve 
replacement technique on LV functional recovery in high-risk 
patients with symptomatic severe AS within the randomized 
Placement of Aortic Transcatheter Valves (PARTNER) trial.

Methods
Patients
Patient selection for cohort A of the PARTNER trial has been de-
scribed previously.10 A total of 699 patients from 25 sites were ran-
domly assigned to undergo either TAVR or SAVR; for this analysis, 
only patients with complete baseline echocardiographic data (97% 
of TAVR patients, 97% of SAVR patients) were included. Inclusion 
criteria included severe AS, defined as a site-measured echocardio-
graphic aortic valve area (AVA) ≤0.8 cm2 plus either a peak velocity 
≥4 m/s or a mean valve gradient ≥40 mm Hg (at rest or stress), New 
York Heart Association (NYHA) functional class II or greater, and 
high-risk status for SAVR as determined by experienced surgeons. 

Patients were considered to be at high surgical risk if their predicted 
risk of 30-day perioperative mortality was ≥15%. The Society of 
Thoracic Surgery risk score was calculated for all patients and used 
as an additional criterion for subject eligibility for patients with no 
other operative contraindications.

Exclusion criteria included a bicuspid or noncalcified aortic valve, 
coronary artery disease requiring revascularization, an LVEF of 
<20%, an aortic annulus diameter of <18 or >25 mm, severe (4+) 
mitral or aortic regurgitation, a recent cardiac or neurological event, 
and severe renal insufficiency. The full exclusion criteria have been 
previously reported.10

The trial was approved by the institutional review board at each 
site. All patients provided written informed consent.

Study Device and Procedure
The SAPIEN heart valve system (Edwards Lifesciences, Irvine, CA) 
and the TAVR procedure have been described previously.9,10 Most 
procedures were performed in a hybrid operating room with the pa-
tient under general anesthesia using fluoroscopic and transesophageal 
echocardiographic guidance. Patients assigned to the transcatheter 
group underwent either transfemoral or transapical placement of 
the transcatheter aortic valve on the basis of whether their periph-
eral arteries could accommodate the large French sheaths required. 
Transapical placement was performed through a small intercostal in-
cision over the LV apex with the use of a dedicated delivery catheter 
and the same Edwards SAPIEN valve.

Echocardiographic Assessment
Transthoracic or transesophageal echocardiography was performed at 
baseline to assess eligibility for enrollment in the PARTNER I trial. 
Follow-up transthoracic echocardiography was performed before dis-
charge and at 1- and 6-month visits and annually thereafter. All echo-
cardiograms were independently analyzed by the Echocardiographic 
Core Laboratory at the Duke Clinical Research Institute (Durham, 
NC) as previously described.18 All chamber parameters were mea-
sured according to the recommendations of the American Society of 
Echocardiography.19 Measurements were made during an average of 
3 cardiac cycles for patients in sinus rhythm and an average of 5 car-
diac cycles for patients with atrial fibrillation.

LVEF was measured using the biplane Simpson volumetric method 
combining apical 4-chamber and 2-chamber views. The LV endocar-
dial border was traced contiguously from 1 side of the mitral annulus 
to the other, excluding the papillary muscles and trabeculations, and 
any apical tethering of the mitral leaflets. In the small number of im-
ages (<1%) with microbubble contrast, borders were traced similarly. 
LVEF was also determined by visual estimation (in 5-point incre-
ments) and, when the definition of the LV endocardial border was 
not adequate for biplane tracing (147/332 [44%] for TAVR, 123/304 
[40%] for SAVR), was substituted to provide a single combined 
LVEF determination in all patients.

The core laboratory followed the American Society of 
Echocardiography/European Association for Echocardiography 
guideline for assessing the severity of native valvular stenosis and 
regurgitation.20–22 Qualitative AV assessments included leaflet thick-
ening, calcification and mobility graded as none, mild, moderate or 
severe. Aortic valve peak and mean gradients were obtained using the 
view showing the maximal velocity. AVA or effective orifice area was 
calculated according to the continuity equation and indexed by BSA. 
Aortic and mitral regurgitation were assessed in all relevant views us-
ing color and spectral Doppler. Transvalvular regurgitation was graded 
according to American Society of Echocardiography recommenda-
tions as none, trace, mild, moderate, or severe.20,21 Echocardiographic 
data reported here were obtained from rest studies.

Study End Points and Statistical Analysis
The primary end point of the PARTNER trial was all-cause 1-year 
mortality. Prespecified secondary end points included cardiovas-
cular mortality, stroke, repeat hospitalization, acute kidney injury, 

WHAT IS KNOWN

•	Left ventricular dysfunction is associated with ad-
verse outcomes after surgical aortic valve replace-
ment, but little is known about the impact of left 
ventricular ejection fraction on outcomes after trans-
catheter aortic valve replacement.

•	Data from nonrandomized analyses suggest that 
transcatheter aortic valve replacement is associated 
with superior postoperative left ventricular ejec-
tion fraction recovery compared with surgical aortic 
valve replacement; however, significant differences 
in patient characteristics make such nonrandomized 
comparisons difficult to interpret.

WHAT THE STuDy ADDS

•	Within the Placement of Aortic Transcatheter Valves 
(PARTNER) trial, left ventricular dysfunction does 
not impact rates of all-cause mortality after either 
surgical aortic valve replacement or transcatheter 
aortic valve replacement.

•	Within a randomized comparison of surgical aortic 
valve replacement and transcatheter aortic valve 
replacement, the rate and degree of left ventricular 
functional recovery was equivalent between both 
treatment modalities.

•	Higher baseline left ventricular ejection fraction, 
low mean aortic valve gradient, and previous perma-
nent pacemaker were each independently associated 
with reduced odds of early left ventricular functional 
recovery.
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vascular complications, bleeding events, and NYHA functional class. 
Crossovers between the 2 treatment groups were not permitted. A 
clinical events committee was responsible for adjudicating all end 
points. Definitions of the end points are identical to those reported 
previously.9,10 For the present analysis, LV dysfunction was defined 
as an LVEF <50%. Improvement in LVEF was defined as ≥10% ab-
solute improvement in LVEF at 30 days.

For data analyses, the intention-to-treat analysis started at the 
time of randomization, and the as-treated analysis started at the 
time of induction of anesthesia in the procedure room. To measure 
the true effect of each respective procedure (TAVR or SAVR) on 
outcomes, all analyses were performed with the use of the as-treated 
data. Categorical variables were compared with the use of Fisher 
exact test. Continuous variables were presented as mean±SD and 
compared using the Student t test. Paired t test was used to assess 
changes in LVEF after aortic valve replacement. Survival curves 
for time-to-event variables were constructed using Kaplan–Meier 
estimates, which were compared using the log-rank test. To study 
the effect of risk factors on mortality, Cox proportional-hazards 
regression was performed. Multiplicative interaction terms were 
created to test for effect modification in the association between 
LV dysfunction and treatment modality. Predictors of LV func-
tional improvement at 30 days, defined as ≥10% absolute improve-
ment in LVEF, were identified using logistic regression models. 

Multivariable models included covariates with a P value <0.20 in 
univariate analyses. Stepwise selection was used to generate final 
models with retention P<0.05. To determine the impact of LV func-
tional improvement at 30 days on subsequent clinical outcomes, 
landmark analyses were performed in patients surviving beyond 30 
days, in which patients with events within the first 30 days were ex-
cluded. All statistical analyses were performed with the use of SAS 
software, version 9.2. Statistical significance in final models was 
defined by a P value <0.05. Data extracted on October 10, 2012, 
were used for this analysis.

Results
Subject Characteristics
The as-treated cohort contained 657 patients, of which 332 
patients underwent TAVR and 304 patients underwent SAVR 
and had complete baseline echocardiographic data. The echo-
cardiographic core laboratory–measured mean LVEF was 
52.8±13.0%. LV dysfunction, defined as a LVEF <50%, was 
present in almost a third of patients (203 out of 636 patients 
[31.9%]; Table 1), in whom the mean baseline LVEF was 

Table 1. Baseline Patient Characteristics

TAVR SAVR

LVEF <50 (n=108) LVEF ≥50 (n=224) P Value LVEF <50 (n=95) LVEF ≥50 (n=209) P Value

Age, y 83±7 84±7 0.26 84±7 85±6 0.37

Male sex 68.5% (74/108) 52.7% (118/224) 0.006 67.4% (64/95) 53.6% (112/209) 0.02

STS score 12.2±3.7 11.7±3.2 0.2 12.0±2.9 11.6±3.6 0.053

NYHA class 0.1 0.59

  II 3.7% (4/108) 6.7% (15/224) ... 3.2% (3/95) 5.7% (12/209) ...

  III or IV 96.3% (104/108) 93.3% (209/224) ... 96.8% (92/95) 94.3% (197/209) ...

CAD 80.6% (87/108) 72.8% (163/224) 0.12 84.2% (80/95) 73.7% (154/209) 0.04

Previous MI 41.7% (45/108) 19.7% (44/223) <0.0001 48.4% (46/95) 21.4% (44/206) <0.0001

Previous PCI 38.3% (41/107) 30.9% (69/223) 0.18 37.9% (36/95) 29.8% (62/208) 0.16

Previous CABG 49.1% (53/108) 41.1% (92/224) 0.13 51.6% (49/95) 42.1% (88/209) 0.12

Previous BAV 20.4% (22/108) 9.8% (22/224) 0.008 12.6% (12/95) 9.6% (20/209) 0.42

Cerebral vascular disease 28.0% (28/100) 31.1% (66/212) 0.57 31.4% (27/86) 25.9% (51/197) 0.34

Peripheral vascular disease 37.4% (40/107) 47.1% (105/223) 0.1 35.5% (33/93) 46.8% (96/205) 0.07

COPD 42.6% (46/108) 43.3% (97/224) 0.9 44.2% (42/95) 43.5% (91/209) 0.91

Creatinine level >2 mg/dL 22.4% (24/107) 15.6% (35/224) 0.13 17.9% (17/95) 20.1% (42/209) 0.65

Major arrhythmia 50.9% (55/108) 43.3% (97/224) 0.19 50.5% (48/95) 51.9% (108/208) 0.82

Permanent pacemaker 27.8% (30/108) 16.1% (36/224) 0.01 29.5% (28/95) 20.1% (42/209) 0.07

Pulmonary hypertension 50.0% (54/108) 50.0% (112/224) >0.99 48.4% (46/95) 48.8% (102/209) 0.95

Liver disease 3.7% (4/108) 1.8% (4/224) 0.28 4.2% (4/95) 1.9% (4/209) 0.26

AVA, cm2 0.63±0.2 0.67±0.2 0.1 0.62±0.2 0.65±0.2 0.27

AVA Index, cm2/m2 0.34±0.1 0.37±0.1 0.01 0.34±0.1 0.36±0.1 0.08

Mean AVG, mm Hg 37.5±14.1 45.5±14.0 <0.0001 38.0±13.1 45.9±14.2 <0.0001

Peak AVG, mm Hg 62.2±22.7 75.6±22.7 <0.0001 64.4±22.4 77.3±23.9 <0.0001

Peak AV velocity, m/s 3.88±0.71 4.31±0.64 <0.0001 3.96±0.64 4.34±0.70 <0.0001

AV annular diameter, mm 20.6±2.5 19.7±2.3 0.004 20.5±2.3 19.8±2.2 0.01

LVEF, % 37.1±9.2% 61.1±5.7% <0.0001 39.3±8.4% 60.9±5.8% <0.0001

Moderate or severe MR 27.6% (29/105) 15.6% (36/223) 0.02 25.0% (23/92) 19.5% (40/205) 0.28

AV indicates aortic valve; AVA, aortic valve area; AVG, aortic valve gradient; BAV, balloon aortic valvuloplasty; CABG, coronary artery bypass graft surgery; CAD, coronary 
artery disease; COPD, chronic obstructive lung disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MR, mitral valve regurgitation; NYHA, New York 
Heart Association; PCI, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; STS, Society of Thoracic Surgery; and TAVR, transcatheter aortic 
valve replacement.
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36.8±8.4%. Patients with LV dysfunction were more likely 
to be male (68.0 versus 53.1%; P=0.0004), with lower BMI 
(26.6±5.5 versus 27.3±6.9; P=0.04), and more frequently 
had a history of coronary artery disease (82.3 versus 73.2%; 
P=0.01), previous myocardial infarction (44.8 versus 20.5%; 
P<0.0001), coronary artery bypass grafting surgery (49.8 ver-
sus 41.1%; P=0.04), and balloon aortic valvuloplasty (16.7 ver-
sus 9.7%; P=0.01). Moderate or severe mitral regurgitation was 
more prevalent (25.9 versus 17.7%; P=0.02) in those with LV 
dysfunction. Patients with LVEF <50% also had lower mean 
(37.5±13.5 versus 45.7±14.1 mm Hg; P<0.0001) and peak 
(62.9±22.4 versus 76.4±23.3 mm Hg; P<0.0001) aortic valve 
gradients (AVGs), lower peak aortic valve velocities (3.91±0.67 
versus 4.32±0.67 m/s; P<0.0001), smaller AVAs (0.63±0.2 
versus 0.66±0.2 cm2; P=0.054; AVA index, 0.34±0.1 versus 
0.37±0.1 cm2/m2; P=0.003), and larger aortic valve annular 
diameters (20.6±2.4 versus 19.8±2.2 mm; P=0.01) on baseline 
rest echocardiographic studies.

Similar trends were observed within the TAVR and SAVR 
cohorts with the exception of previous balloon aortic valvu-
loplasty, which was performed with comparable frequency 
in those with and without LV dysfunction undergoing SAVR 
(LVEF <50%, 12.6%; LVEF ≥50%, 9.6%; P=0.42), but with 
differing frequencies among patients undergoing TAVR 
(LVEF <50%, 20.4%; LVEF ≥50%, 9.8%; P=0.008).

Relationship of LV Function With Clinical 
Outcomes
In both TAVR and SAVR groups, a similar proportion of 
patients with LV dysfunction died at 30 days and at 1 year 
compared with those without LV dysfunction (Table 2). In 
patients with LVEF <50%, 30-day all-cause (P=0.29) and 
cardiac (P=0.38) mortality were comparable after TAVR and 
SAVR. In the TAVR group, 25.9% of patients with LV dys-
function died by 1 year compared with 22.9% of patients with 
normal LV function (P=0.56; Table 2). With SAVR, 23.3% 
and 25.2% of patients with and without LV dysfunction, 
respectively, died by 1 year (P=0.79). All-cause mortality was 
similar at 2 years in the TAVR and SAVR groups with and 
without LV dysfunction (Figure 1; log-rank P value=0.83).

Rates of repeat hospitalization within 30 days of transcathe-
ter and surgical valve replacement were comparable whether or 
not LV dysfunction was present (Table 2). There was an interac-
tion between valve replacement technique and the association 
of LV dysfunction with repeat hospitalization at 1 year, such 
that patients with LV dysfunction were at greater risk of repeat 
hospitalization after TAVR but not after SAVR (Table 2). Rates 
of rehospitalization at 1 year were significantly higher in those 
with LVEF <50% undergoing TAVR compared with those with 
normal LV function (26.0% versus 12.8%; P=0.004). A similar 
pattern was not observed with SAVR (Table 2).

Table 2. Clinical Outcomes Stratified by Baseline Left Ventricular Function

TAVR SAVR

Interaction P ValueLVEF <50% (n=108) LVEF ≥50% (n=224) P Value LVEF <50% (n=95) LVEF ≥50% (n=209) P Value

30 d

  All-cause death 5.6% (6) 5.4% (12) 0.94 9.5% (9) 7.7% (16) 0.58 0.77

  Cardiac death 3.7% (4) 4.0% (9) 0.9 6.4% (6) 1.5% (3) 0.02 0.09

  Repeat hospitalization 7.7% (8) 4.6% (10) 0.27 3.4% (3) 6.6% (13) 0.28 0.13

  Death or repeat hospitalization 12.0% (13) 9.8% (22) 0.54 12.6% (12) 14.0% (29) 0.8 0.54

  Stroke or TIA 2.8% (3) 5.9% (13) 0.23 2.1% (2) 2.4% (5) 0.9 0.54

   Stroke 1.9% (2) 5.4% (12) 0.14 2.1% (2) 2.4% (5) 0.9 0.39

   TIA 0.9% (1) 0.5% (1) 0.59 0.0% (0) 0.5% (1) 0.5 >0.99

    Death from any cause or  
major stroke

7.4% (8) 8.9% (20) 0.63 11.6% (11) 9.1% (19) 0.48 0.41

  Myocardial infarction 0.0% (0) 0.0% (0) N/A 1.1% (1) 0.0% (0) 0.13 >0.99

  Dialysis lasting >30 d 0.0% (0) 0.4% (1) 0.49 0.0% (0) 3.0% (6) 0.1 >0.99

1 y

  All-cause death 25.9% (28) 22.9% (51) 0.56 23.3% (22) 25.2% (52) 0.79 0.54

  Cardiac death 9.0% (9) 8.9% (19) 0.98 9.8% (9) 5.9% (11) 0.18 0.32

  Repeat hospitalization 26.0% (26) 12.8% (26) 0.004 15.1% (12) 16.9% (31) 0.59 0.03

  Death or repeat hospitalization 38.9% (42) 31.4% (70) 0.16 35.0% (33) 35.4% (73) 0.91 0.30

  Stroke or TIA 5.0% (5) 9.6% (20) 0.17 3.5% (3) 4.3% (8) 0.78 0.57

   Stroke 3.0% (3) 7.0% (15) 0.14 3.5% (3) 2.4% (5) 0.69 0.22

   TIA 2.0% (2) 2.6% (5) 0.84 0.0% (0) 2.3% (4) 0.17 >0.99

    Death from any cause or major 
stroke

26.9% (29) 25.6% (57) 0.85 26.5% (25) 26.2% (54) 0.9 0.96

  Myocardial infarction 0.0% (0) 0.0% (0) N/A 1.1% (1) 0.0% (0) 0.13 >0.99

  Dialysis lasting >30 d 0.0% (0) 1.0% (2) 0.33 2.6% (2) 4.1% (8) 0.44 >0.99

Kaplan-Meier estimates (number of events) are shown. LVEF indicates left ventricular ejection fraction; SAVR, surgical aortic valve replacement; TAVR, transcatheter 
aortic valve replacement; and TIA, transient ischemic attack.
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Rates of the composite of stroke or transient ischemic attack 
at 30 days and at 1 year were comparable after TAVR and 
SAVR, regardless of baseline LV function (Table 2). There was 
an increased risk of stroke or transient ischemic attack at 1 year 
(9.6% versus 4.3%; P=0.04) with TAVR compared with SAVR 
in patients with LVEF ≥50%, but not in those with LVEF 
<50% (5.0% versus 3.5%; P=0.62; Table 2), largely because 

of a greater risk of stroke with TAVR than with SAVR in those 
with preserved LV function (7.0 versus 2.4%; P=0.04).

Symptom Status
At baseline assessment, 96.3% of patients with LVEF <50% 
were classified as NYHA functional class III or IV compared 
with 93.3% of those with LVEF ≥50% (P=0.10; Table 1). 

Figure 1. Time-to-event curves depicting 
risk of death from any cause. Time-to-
event curves for risk of death from any 
cause are shown for transcatheter aortic 
valve replacement (TAVR) and surgical 
aortic valve replacement (SAVR), stratified 
by baseline left ventricular (LV) function. 
There is no difference in 2-year survival 
between any of the treatment groups 
(P=0.826). The event rates were calcu-
lated with the use of Kaplan–Meier meth-
ods and compared with the use of the 
Log-rank test. LVEF indicates LV ejection 
fraction.

Figure 2. New York Heart Association (NYHA) functional class. Heart failure symptoms improve rapidly after both transcatheter aortic 
valve replacement (TAVR; A) and surgical aortic valve replacement (SAVR; B), regardless of the presence of left ventricular dysfunction. 
However, at 30 days, fewer patients had died or had persistent NYHA class III/IV symptoms (brackets) after TAVR than SAVR  
(C; P=0.046).
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Functional status improved markedly by 30 days after both 
TAVR and SAVR, regardless of the presence of baseline LV 
dysfunction (Figure 2A and 2B). However, in patients with 
baseline LV dysfunction, the proportion of patients who died 
or remained with NYHA class III/IV symptoms at 30 days 
was lower with TAVR than with SAVR (Figure 2C; P=0.046).

LV Function After Aortic Valve Replacement
The mean LVEF was 52.4±13.6% in the TAVR group and 
53.3±12.4% in the SAVR group (P=0.40). In those with 
LV dysfunction, mean baseline LVEF was 39.3±8.4% and 
37.1±9.2% in the SAVR and TAVR groups, respectively 
(P=0.06). LV dysfunction improved equally after both trans-
catheter and surgical valve replacement with most improve-
ment occurring within the first 30 days (Figure 3). By 1 year, 
37 (53.6%) patients with LV dysfunction had normalized their 
LV function (reached LVEF ≥50%) after TAVR compared with 
33 (62.3%) patients after SAVR (P=0.34). LVEF improved to 
48.6±11.3% with TAVR (P<0.0001) and 50.1±10.8% with 
SAVR (P=0.0001; between group P=0.45). LVEF remained 
stable after both TAVR and SAVR in those with preserved LV 
function (Figure 3).

Improvement in LVEF in those patients with LV dysfunc-
tion at baseline, defined as an absolute increase in LVEF 
≥10% at the 30-day echocardiogram, was observed in 48 
(51.6%) TAVR patients and 27 (40.9%) SAVR patients 
(P=0.18). Among TAVR patients with LVEF improvement, 
LVEF markedly increased within the first 30 days (33.6±9.3–
52.9±10.1%), with no further improvement noted at 1 year 
(LVEF, 52.7±10.2% at 1 year; P=0.82 versus 30-day LVEF; 
Figure 4A). In TAVR patients without LVEF improvement, 

LVEF remained stable at 30 days (37.4±8.0–38.8±8.6%) 
but demonstrated a modest increase during the subsequent 
11 months (LVEF, 43.5±11.1% at 1 year; P=0.048 versus 
30-day LVEF; Figure 4A). After SAVR, patients with LVEF 
improvement experienced dramatic LVEF recovery within the 
first 30 days (35.0±9.0–51.2±12.7%) followed by continued 
modest improvement during the remainder of the first post-
operative year (LVEF, 55.9±6.8% at 1 year; P=0.0015 ver-
sus 30-day LVEF). As with TAVR, LVEF remained stable in 
SAVR patients without early LVEF improvement (41.2±6.0–
39.2±9.0%) and then slowly and modestly improved by 
1-year follow-up (43.7±10.7% at 1 year; P=0.002 versus 
30-day LVEF; Figure 4B). To exclude the possibility that 
late LVEF improvement is influenced by survival bias, an 
exploratory analysis limited to patients surviving to 1-year 
was performed. After TAVR, patients that did not experi-
ence early LVEF improvement but survived to 1 year demon-
strated a slow increase in LVEF from 36.9±7.3% at baseline 
to 43.6±11.1% at 1 year (P=0.004; Figure 4C). After SAVR, 
an initial decrement in LVEF was observed in patients without 
early LVEF improvement that survived to 1 year followed by 
a slow increase to baseline levels (41.2±6.5% at baseline to 
43.4±11.4% at 1 year; P=0.37; Figure 4D).

Predictors of LVEF Improvement
In an analysis limited to patients with baseline LV dysfunc-
tion, univariable logistic regression analyses identified higher 
baseline LVEF (odds ratio [OR], 0.93 [95% confidence inter-
val [CI], 0.89, 0.97]; P=0.0004), previous myocardial infarc-
tion (OR, 0.53 [95% CI, 0.28, 1.00]; P=0.048), previous 
coronary artery bypass grafting surgery (OR, 0.43 [95% CI, 

Figure 3. Left ventricular functional 
recovery with time. Left ventricular ejec-
tion fraction (LVEF) remained stable in 
those with normal baseline function. In 
subjects with baseline LV dysfunction, 
LVEF improved quickly and equally after 
surgical aortic valve replacement (SAVR) 
and transcatheter aortic valve replace-
ment (TAVR), with most LV functional 
improvement occurring within the first 30 
days. Points represent mean values with 
error bars depicting SD.
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0.23, 0.81]; P=0.0094), and previous permanent pacemaker 
(OR, 0.41 [95% CI, 0.20, 0.83]; P=0.014) to be associated 
with a reduced odds of LV functional improvement after valve 
replacement (Table 3). Older age (OR, 1.05 [95% CI, 1.00, 
1.10]; P=0.052), higher baseline mean AVG (OR, 1.03 [95% 
CI, 1.01, 1.06]; P=0.016), and transfemoral TAVR (OR ver-
sus SAVR, 1.76 [0.89, 3.48]; P=0.036) were associated with 
increased likelihood of LVEF improvement. In a parallel anal-
ysis, there was no difference in the rates of moderate or severe 
paravalvular aortic regurgitation in those who improved com-
pared with those who did not at hospital discharge (4.2 versus 
7.5%; P=0.83) or at 30 days (10.0 versus 7.1%; P=0.91). In 
multivariable analyses, only baseline LVEF (OR, 0.90 [95% 
CI, 0.86, 0.95]; P<0.0001), previous permanent pacemaker 
(OR, 0.34 [95% CI, 0.15, 0.81]; P=0.015), and higher mean 
AVG (OR, 1.04 [95% CI, 1.01, 1.08]; P=0.015) were inde-
pendently associated with the likelihood of 30-day LVEF 
improvement (Table 3).

Impact of LV Functional Recovery on Clinical 
Outcomes
Further analyses were performed to determine the impact of 
LV functional improvement at 30 days on subsequent clini-
cal outcomes. Early LV functional improvement was associ-
ated with reduced rates of all-cause death in TAVR patients 
at 1 year (hazard ratio, 0.28 [95% CI, 0.10, 0.79]; P=0.01) 
but not in SAVR patients (hazard ratio, 1.19 [95% CI, 0.34, 
4.11]; P=0.78; Interaction P=0.07; Table 4). Similarly, cardiac 
mortality was reduced in TAVR patients with LV improve-
ment (hazard ratio, 0.18 [95% CI, 0.02, 1.58]; P=0.08) but 

not in SAVR patients (hazard ratio, 0.59 [95% CI, 0.05, 6.52]; 
P=0.66; Interaction P=0.047). Moreover, patients who did not 
demonstrate early LVEF improvement had greater all-cause 
mortality after TAVR but not SAVR (Figure 5A and 5B). Poor 
LV functional recovery after TAVR was also associated with 
increased risk of repeat hospitalization (Interaction P=0.051) 
and the composite end points of death from any cause or repeat 
hospitalization (Interaction P=0.02) and of death from any 
cause or major stroke at 1 year (Interaction P=0.08; Table 4). 
No differences in 1-year clinical outcomes were observed 
between those with and without LV functional improvement 
after SAVR, although these analyses possessed less statistical 
power (Table 4).

Discussion
In this study, we found that in high-risk patients with symp-
tomatic severe AS, baseline LV dysfunction (LVEF, >20% and 
<50%) does not impact survival after either SAVR or TAVR. 
However, there was a borderline association of LV dysfunction 
with 30-day cardiac death after SAVR and with an increased 
risk of repeat hospitalization within the first year after TAVR. 
The lack of influence of LV dysfunction on periprocedural 
mortality is probably because of the exclusion of patients with 
severe LV dysfunction (LVEF <20%), in whom the bulk of the 
risk is thought to exist.1,2,4,5 Evidence suggests that the rela-
tionship between LVEF and mortality is not linear. Data from 
the EuroSCORE study and others indicate that perioperative 
risk markedly increases with LVEF <30%.1,2,4 Similarly, in 
patients with chronic heart failure, mild LV dysfunction has 

Figure 4. Left ventricular functional recovery in patients with left ventricular dysfunction. Left ventricular ejection fraction (LVEF) is plotted 
versus time in patients with LV dysfunction stratified by improvement in LVEF ≥10% by 30-day follow-up after transcatheter aortic valve 
replacement (TAVR; A) and surgical aortic valve replacement (SAVR; B). An exploratory analysis limited to subjects surviving to 1-year 
similarly demonstrates similar patterns of change in LVEF after TAVR (C) and SAVR (D). Points represent mean values with error bars 
depicting SD.
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no impact on survival.23 The association between LV func-
tion and mortality is modulated by comorbid conditions and 
the pathogenesis of cardiomyopathy.23 We suspect that the 
exclusion of patients with nonrevascularized coronary artery 
disease, low AVGs, and other severe valve lesions from the 
PARTNER trial mitigates the impact of LVEF on clinical out-
comes. In this cohort of patients with symptomatic severe AS, 
those with normal LV function notably have myopathic ven-
tricles clinically manifesting as heart failure with preserved 
EF and therefore have diminished survival similar to that seen 
with reduced EF.24 The impact of LVEF on survival may con-
sequently be diminished. Nevertheless, our findings confirm 
the efficacy and safety of TAVR in patients with LV dysfunc-
tion and indicate that TAVR should be considered a feasible 
option in patients with symptomatic severe AS and LV dys-
function who are at high risk for SAVR.

Previous evidence from Clavel et al16 suggests greater 
improvements in LVEF with TAVR when compared with 
SAVR. In part, this advantage of TAVR was thought to be 
because of the superior hemodynamic profile of transcath-
eter heart valves and the more complete relief of AS. In addi-
tion, the avoidance of surgical insults related to cardioplegia, 
ischemia-reperfusion, inflammation, apoptosis, and surgical 
trauma was anticipated to add to the likelihood of myocardial 

functional recovery after TAVR.16,25 However, we found 
no difference in the rate or degree of LV functional recov-
ery after TAVR and SAVR. With both treatment modalities, 
we observed a rapid and substantial improvement in LVEF 
in patients with baseline LV dysfunction, with 40% to 50% 
of patients experiencing a >10% absolute increase in their 
LVEF by 30-day follow-up. The discrepancy may be a con-
sequence of the concomitant performance of coronary artery 
bypass grafting surgery with SAVR in ≈60% of patients in the 
previous study.16 The presence of nonrevascularized coronary 
artery disease at the initiation of surgery in addition to pro-
longed cardiopulmonary bypass with concomitant coronary 
artery bypass grafting surgery may play a role. Alternatively, 
because patients with severe LV dysfunction (LVEF <20%) 
are exquisitely sensitive to LV afterload, they may reap an 
advantage from the superior hemodynamic profile of trans-
catheter heart valves.26 Patients with such severe LV dysfunc-
tion, as well as those requiring coronary revascularization, 
were excluded from the PARTNER trial; therefore, it remains 
possible that improvements in LVEF will be more robust after 
TAVR than after SAVR in such patients.

We identified a proportion of patients (≈50%) with LV 
dysfunction who do not experience an early improvement in 
LVEF after valve replacement. After both TAVR and SAVR, 

Table 3. Unadjusted and Multivariable Predictors of Left Ventricular Functional Improvement at 30 Days in 
Patients With Baseline Left Ventricular Dysfunction (LVEF <50%)

Unadjusted Multivariable

OR [95% CI] P Value OR [95% CI] P Value

Baseline characteristics

  Age 1.05 [1.00, 1.10] 0.052 ... ...

  Male sex 0.65 [0.33, 1.26] 0.20 ... ...

  STS score 1.02 [0.93, 1.13] 0.62 ... ...

  Diabetes mellitus 0.93 [0.50, 1.74] 0.82 ... ...

  Hypertension 0.90 [0.34, 2.35] 0.83 ... ...

  Peripheral arterial disease 0.71 [0.37, 1.35] 0.29 ... ...

  Previous MI 0.53 [0.28, 1.00] 0.048 ... ...

  Previous PCI 0.78 [0.41, 1.47] 0.44 ... ...

  Previous CABG 0.43 [0.23, 0.81] 0.0094 ... ...

  Previous BAV 1.15 [0.53, 2.50] 0.72 ... ...

  Permanent pacemaker 0.41 [0.20, 0.83] 0.014 0.34 [0.15, 0.77] 0.01

  Baseline creatinine 0.76 [0.43, 1.32] 0.29 ... ...

Echocardiographic measures

  AVA 0.28 [0.05, 1.42] 0.12 ... ...

  Peak AV gradient 1.00 [1.00, 1.01] 0.10 ... ...

  Mean AVG 1.03 [1.01, 1.06] 0.016 1.03 [1.01, 1.06] 0.03

  Baseline LVEF 0.93 [0.89, 0.97] 0.0004 0.91 [0.86, 0.95] <0.0001

  Mod/severe MR 1.65 [0.78, 3.49] 0.19 ... ...

Valve replacement technique

  Transapical TAVR (vs SAVR) 0.72 [0.28, 1.88] 0.18 ... ...

  Transfemoral TAVR (vs SAVR) 1.76 [0.89, 3.48] 0.036 ... ...

AV indicates aortic valve; AVA, aortic valve area; AVG, aortic valve gradient; BAV, balloon aortic valvuloplasty; CABG, coronary artery bypass 
graft surgery; CAD, coronary artery disease; CI, confidence interval; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MR, 
mitral valve regurgitation; OR, odds ratio; PCI, percutaneous coronary intervention; SAVR, surgical aortic valve replacement; STS, Society of 
Thoracic Surgery; and TAVR, transcatheter aortic valve replacement.
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these patients experience a gradual, but modest, increase in 
LVEF during the first year. Higher baseline LVEF, low mean 
AVG, and previous permanent pacemaker were each indepen-
dently associated with reduced odds of early LV functional 
improvement. The association of higher baseline LVEF with 
reduced LVEF improvement is because of a ceiling effect 
(ie, LVEF cannot improve beyond a certain point), whereas 
low AVGs and previous pacemaker likely reflect the impact 
of an advanced cardiomyopathic process and cardiac dyssyn-
chrony on LV functional recover. Interestingly in univariable 
analyses, transfemoral TAVR was associated with improved 
LV function when compared with the transapical approach 
and to SAVR, suggesting that procedural trauma to the LV 
apex may hinder LV functional recovery in those with base-
line dysfunction. Less robust LVEF improvement has previ-
ously been described after transapical TAVR, although this 
difference diminished after adjustment for baseline LVEF.16 
The severity of baseline mitral regurgitation was not associ-
ated with myocardial recovery, and with TAVR, paravalvular 
aortic regurgitation was not associated with lesser LV func-
tional improvement despite recent evidence associating it with 
increased late mortality.11

The clinical consequences of the lack of early LV functional 
recovery seem to be greater with TAVR than with SAVR. All-
cause mortality, repeat hospitalization, and the composite 
end points of death or repeat hospitalization and of death or 
major stroke were each markedly increased in patients that had 

undergone TAVR and failed to demonstrate early improvement 
in LVEF. The pathophysiologic mechanism mediating this 
increased risk is not readily apparent. Further exploration of 
possible mediators, such as procedural LV injury, conduction 
abnormalities, or arrhythmias is warranted in larger cohorts.

Finally, we observed substantial improvements in NYHA 
functional class after both TAVR and SAVR, regardless of 
baseline LV dysfunction, and moreover demonstrated that 
reduced LV function does not attenuate symptomatic recovery 
after either TAVR or SAVR. However, a larger proportion of 
patients with LV dysfunction died or had persistent class III/IV 
symptoms at 30-days after SAVR compared with TAVR. This 
finding reflects the early hazard of surgery and slower recovery 
afterward as previously described in the PARTNER trial.10

The randomized comparison of TAVR versus SAVR, the 
use of an echocardiographic core laboratory, and the indepen-
dent adjudication of clinical events are significant strengths 
of this analysis; however, several limitations must also be 
acknowledged. First, patients with severe LV dysfunction, 
defined as an LVEF <20%, and with low gradient AS, defined 
as mean AVG <40 mm Hg, were excluded from the PARTNER 
trial. Consequently, our results may not extend to patients with 
more severe LV dysfunction or with low AVGs. Second, the 
number of patients without LVEF improvement was relatively 
small and did not allow for additional analyses to delineate the 
pathogenesis of increased mortality with TAVR but not SAVR. 
Third, given the relatively small number of transapical TAVR 

Table 4. Clinical Outcomes at 1 Year by 30-Day Improvement in Left Ventricular Ejection Fraction in Those With 
Baseline Left Ventricular Dysfunction (LVEF <50%)

Improvement No Improvement Hazard Ratio [95% CI] P Value

TAVR (n=50) (n=43)

  All-cause death 10.0% (5) 30.2% (13) 0.28 [0.10, 0.79] 0.01

  Cardiac death 2.1% (1) 11.2% (4) 0.18 [0.02, 1.58] 0.08

  Repeat hospitalization 14.2% (7) 42.4% (17) 0.28 [0.11, 0.67] 0.002

  Death or repeat hospitalization 20.0% (10) 51.2% (22) 0.30 [0.14, 0.63] 0.0008

  Stroke or TIA 2.1% (1) 7.6% (3) 0.26 [0.03, 2.48] 0.20

   Stroke 0.0% (0) 5.3% (2) N/A 0.20

   TIA 2.1% (1) 2.3% (1) 0.79 [0.05, 12.69] 0.87

  Death from any cause or major stroke 10.0% (5) 32.6% (14) 0.26 [0.09, 0.72] 0.005

  Myocardial infarction 0.0% (0) 0.0% (0) N/A N/A

  Dialysis lasting >30 d 0.0% (0) 0.0% (0) N/A N/A

SAVR (n=30) (n=36)

  All-cause death 16.7% (5) 13.9% (5) 1.19 [0.34, 4.11] 0.78

  Cardiac death 3.6% (1) 5.6% (2) 0.59 [0.05, 6.52] 0.66

  Repeat hospitalization 21.5% (6) 8.9% (3) 2.43 [0.61, 9.73] 0.19

  Death or repeat hospitalization 33.3% (10) 22.2% (8) 1.53 [0.60, 3.88] 0.36

  Stroke or TIA 0.0% (0) 6.0% (2) N/A 0.19

   Stroke 0.0% (0) 6.0% (2) N/A 0.19

   TIA 0.0% (0) 0.0% (0) N/A N/A

  Death from any cause or major stroke 16.7% (5) 19.4% (7) 0.82 [0.26, 2.60] 0.74

  Myocardial infarction 0.0% (0) 0.0% (0) N/A N/A

  Dialysis lasting >30 d 0.0% (0) 2.9% (1) N/A 0.36

Kaplan-Meier estimates (number of events) are shown. CI indicates confidence interval; LVEF, left ventricular ejection fraction; SAVR, surgical 
aortic valve replacement; TAVR, transcatheter aortic valve replacement; and TIA, transient ischemic attack.
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within the PARTNER trial, our analysis was not sufficiently 
powered to definitively assess the impact of TAVR approach 
on LV function. Fourth, our analyses are prone to survival 
selection bias given that follow-up LVEF was only available 
in those that survived. Fifth, we do not possess sufficient data 
to assess loading conditions at the time of echocardiography. 
Finally, the PARTNER trial included highly selected high-risk 
patients. Whether these results are applicable to the larger 
population of AS patients warrants further investigation.

In conclusion, we found that in high-risk patients with 
symptomatic severe AS, baseline LV dysfunction (LVEF, 
20%–50%) had no impact on survival after either TAVR or 
SAVR. Rapid LV functional improvement occurred within 30 
days of TAVR and SAVR in most patients, but failure to do 

so was associated with adverse clinical outcomes only after 
TAVR. Higher baseline LVEF, low mean AVG, and pres-
ence of a previous permanent pacemaker were associated 
with reduced likelihood of early LV functional improvement. 
These data suggest that TAVR should be considered a feasi-
ble alternative for patients with symptomatic severe AS and 
LV dysfunction that are at high risk for SAVR. Future efforts 
should be directed toward clarifying the impact of more severe 
LV dysfunction after aortic valve replacement and toward pre-
dicting and augmenting LV functional recovery.
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Figure 5. Time-to-event curves depicting 
risk of death from any cause in patients 
with left ventricular (LV) dysfunction. 
Those who failed to improve by 30-days 
after transcatheter aortic valve replace-
ment (TAVR) possessed an increased risk 
of death at 2-years (A), whereas lack of 
LV functional improvement after surgical 
aortic valve replacement (SAVR) did not 
influence survival (B). The event rates 
were calculated with the use of Kaplan–
Meier methods and compared with the 
use of the log-rank test. Patients surviv-
ing <30 days were excluded from these 
analyses.

 at UNIV PIEMORIENTAA VOGADRO on January 15, 2014http://circinterventions.ahajournals.org/Downloaded from 

http://circinterventions.ahajournals.org/
http://circinterventions.ahajournals.org/


614  Circ Cardiovasc Interv  December 2013

Sources of Funding
The Placement of Aortic Transcatheter Valves (PARTNER) trial was 
supported by Edwards Lifesciences, Inc.

Disclosures
Dr Elmariah has received institutional research support from Siemens 
Corporation. Dr Palacios has received travel reimbursements 
from Edwards Lifesciences as an interventional cardiology proc-
tor. Dr Inglessis has received travel reimbursements from Edwards 
Lifesciences as an interventional cardiology proctor and institutional 
research support from Siemens Corporation. Dr Kodali has received 
consulting fees from Edwards Lifesciences and Medtronic, and 
is a member of the Scientific Advisory Board of Thubrikar Aortic 
Valve, Inc, the Medical Advisory Board of Paieon Medical, and 
the TAVI Advisory Board of St Jude Medical. Martin B. Leon and 
Lars Svensson have received travel reimbursements from Edwards 
Lifesciences related to their responsibilities as unpaid members of 
the Placement of Aortic Transcatheter Valves (PARTNER) Trial 
Executive Committee. Dr Douglas has received institutional research 
support from Edwards Lifesciences. Dr Fearon has received research 
grant support from St Jude Medical and consulting fees/honoraria 
from Tryton Medical, and holds equity in HeartFlow. Dr Passeri has 
received travel reimbursements from Edwards Lifesciences as an 
echocardiography proctor. The other authors report no conflicts.

References
 1. Powell DE, Tunick PA, Rosenzweig BP, Freedberg RS, Katz ES, 

Applebaum RM, Perez JL, Kronzon I. Aortic valve replacement in pa-
tients with aortic stenosis and severe left ventricular dysfunction. Arch 
Intern Med. 2000;160:1337–1341.

 2. Morris JJ, Schaff HV, Mullany CJ, Rastogi A, McGregor CG, Daly RC, Frye 
RL, Orszulak TA. Determinants of survival and recovery of left ventricular 
function after aortic valve replacement. Ann Thorac Surg. 1993;56:22–29.

 3. Halkos ME, Chen EP, Sarin EL, Kilgo P, Thourani VH, Lattouf OM, Vega 
JD, Morris CD, Vassiliades T, Cooper WA, Guyton RA, Puskas JD. Aortic 
valve replacement for aortic stenosis in patients with left ventricular dys-
function. Ann Thorac Surg. 2009;88:746–751.

 4. Roques F, Nashef SA, Michel P, Gauducheau E, de Vincentiis C, Baudet 
E, Cortina J, David M, Faichney A, Gabrielle F, Gams E, Harjula A, 
Jones MT, Pintor PP, Salamon R, Thulin L. Risk factors and outcome in 
European cardiac surgery: analysis of the EuroSCORE multinational da-
tabase of 19030 patients. Eur J Cardiothorac Surg. 1999;15:816–822.

 5. Shroyer AL, Plomondon ME, Grover FL, Edwards FH. The 1996 coronary 
artery bypass risk model: the Society of Thoracic Surgeons Adult Cardiac 
National Database. Ann Thorac Surg. 1999;67:1205–1208.

 6. Pereira JJ, Lauer MS, Bashir M, Afridi I, Blackstone EH, Stewart WJ, 
McCarthy PM, Thomas JD, Asher CR. Survival after aortic valve replace-
ment for severe aortic stenosis with low transvalvular gradients and severe 
left ventricular dysfunction. J Am Coll Cardiol. 2002;39:1356–1363.

 7. Tarantini G, Buja P, Scognamiglio R, Razzolini R, Gerosa G, Isabella G, 
Ramondo A, Iliceto S. Aortic valve replacement in severe aortic stenosis 
with left ventricular dysfunction: determinants of cardiac mortality and 
ventricular function recovery. Eur J Cardiothorac Surg. 2003;24:879–885.

 8. Pai RG, Varadarajan P, Razzouk A. Survival benefit of aortic valve re-
placement in patients with severe aortic stenosis with low ejection frac-
tion and low gradient with normal ejection fraction. Ann Thorac Surg. 
2008;86:1781–1789.

 9. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu 
EM, Webb JG, Fontana GP, Makkar RR, Brown DL, Block PC, Guyton 
RA, Pichard AD, Bavaria JE, Herrmann HC, Douglas PS, Petersen JL, 
Akin JJ, Anderson WN, Wang D, Pocock S; PARTNER Trial Investigators. 
Transcatheter aortic-valve implantation for aortic stenosis in patients who 
cannot undergo surgery. N Engl J Med. 2010;363:1597–1607.

 10. Smith CR, Leon MB, Mack MJ, Miller DC, Moses JW, Svensson LG, 
Tuzcu EM, Webb JG, Fontana GP, Makkar RR, Williams M, Dewey T, 
Kapadia S, Babaliaros V, Thourani VH, Corso P, Pichard AD, Bavaria JE, 
Herrmann HC, Akin JJ, Anderson WN, Wang D, Pocock SJ; PARTNER 
Trial Investigators. Transcatheter versus surgical aortic-valve replacement 
in high-risk patients. N Engl J Med. 2011;364:2187–2198.

 11. Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, Makkar RR, 
Fontana GP, Dewey TM, Thourani VH, Pichard AD, Fischbein M, Szeto 
WY, Lim S, Greason KL, Teirstein PS, Malaisrie SC, Douglas PS, Hahn 

RT, Whisenant B, Zajarias A, Wang D, Akin JJ, Anderson WN, Leon MB; 
PARTNER Trial Investigators. Two-year outcomes after transcatheter or 
surgical aortic-valve replacement. N Engl J Med. 2012;366:1686–1695.

 12. Ewe SH, Ajmone Marsan N, Pepi M, Delgado V, Tamborini G, Muratori 
M, Ng AC, van der Kley F, de Weger A, Schalij MJ, Fusari M, Biglioli P, 
Bax JJ. Impact of left ventricular systolic function on clinical and echocar-
diographic outcomes following transcatheter aortic valve implantation for 
severe aortic stenosis. Am Heart J. 2010;160:1113–1120.

 13. Fraccaro C, Al-Lamee R, Tarantini G, Maisano F, Napodano M, 
Montorfano M, Frigo AC, Iliceto S, Gerosa G, Isabella G, Colombo A. 
Transcatheter aortic valve implantation in patients with severe left ven-
tricular dysfunction: immediate and mid-term results, a multicenter study. 
Circ Cardiovasc Interv. 2012;5:253–260.

 14. van der Boon RM, Nuis RJ, Van Mieghem NM, Benitez LM, van Geuns 
RJ, Galema TW, van Domburg RT, Geleijnse ML, Dager A, de Jaegere 
PP. Clinical outcome following Transcatheter Aortic Valve Implantation 
in patients with impaired left ventricular systolic function. Catheter 
Cardiovasc Interv. 2012;79:702–710.

 15. Wenaweser P, Pilgrim T, Kadner A, Huber C, Stortecky S, Buellesfeld 
L, Khattab AA, Meuli F, Roth N, Eberle B, Erdös G, Brinks H, Kalesan 
B, Meier B, Jüni P, Carrel T, Windecker S. Clinical outcomes of patients 
with severe aortic stenosis at increased surgical risk according to treatment 
modality. J Am Coll Cardiol. 2011;58:2151–2162.

 16. Clavel MA, Webb JG, Rodés-Cabau J, Masson JB, Dumont E, De 
Larochellière R, Doyle D, Bergeron S, Baumgartner H, Burwash IG, 
Dumesnil JG, Mundigler G, Moss R, Kempny A, Bagur R, Bergler-Klein 
J, Gurvitch R, Mathieu P, Pibarot P. Comparison between transcatheter 
and surgical prosthetic valve implantation in patients with severe aor-
tic stenosis and reduced left ventricular ejection fraction. Circulation. 
2010;122:1928–1936.

 17. Piazza N, van Gameren M, Jüni P, Wenaweser P, Carrel T, Onuma Y, Gahl 
B, Hellige G, Otten A, Kappetein AP, Takkenberg JJ, van Domburg R, 
de Jaegere P, Serruys PW, Windecker S. A comparison of patient char-
acteristics and 30-day mortality outcomes after transcatheter aortic valve 
implantation and surgical aortic valve replacement for the treatment of 
aortic stenosis: a two-centre study. EuroIntervention. 2009;5:580–588.

 18. Douglas PS, Waugh RA, Bloomfield G, Dunn G, Davis L, Hahn RT, 
Pibarot P, Stewart WJ, Weissman NJ, Hueter I, Siegel R, Lerakis S, Miller 
DC, Smith CR, Leon MB. Implementation of echocardiography core 
laboratory best practices: a case study of the PARTNER I trial. J Am Soc 
Echocardiogr. 2013;26:348–358.

 19. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka 
PA, Picard MH, Roman MJ, Seward J, Shanewise JS, Solomon SD, 
Spencer KT, Sutton MS, Stewart WJ. Recommendations for chamber 
quantification: a report from the American Society of Echocardiography’s 
Guidelines and Standards Committee and the Chamber Quantification 
Writing Group, developed in conjunction with the European Association 
of Echocardiography, a branch of the European Society of Cardiology. J 
Am Soc Echocardiogr. 2005;18:1440–1463.

 20. Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin 
BP, Iung B, Otto CM, Pellikka PA, Quinones M. Echocardiographic as-
sessment of valve stenosis: EAE/ASE recommendations for clinical prac-
tice. J Am Soc Echocardiogr. 2009;22:1–23.

 21. Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, Kraft CD, Levine 
RA, Nihoyannopoulos P, Otto CM, Quinones MA, Rakowski H, Stewart 
WJ, Waggoner A, Weissman NJ; American Society of Echocardiography. 
Recommendations for evaluation of the severity of native valvular regur-
gitation with two-dimensional and Doppler echocardiography. J Am Soc 
Echocardiogr. 2003;16:777–802.

 22. Pibarot P, Dumesnil JG. Improving assessment of aortic stenosis. J Am 
Coll Cardiol. 2012;60:169–180.

 23. Curtis JP, Sokol SI, Wang Y, Rathore SS, Ko DT, Jadbabaie F, Portnay EL, 
Marshalko SJ, Radford MJ, Krumholz HM. The association of left ven-
tricular ejection fraction, mortality, and cause of death in stable outpatients 
with heart failure. J Am Coll Cardiol. 2003;42:736–742.

 24. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM. 
Trends in prevalence and outcome of heart failure with preserved ejection 
fraction. N Engl J Med. 2006;355:251–259.

 25. Anselmi A, Abbate A, Girola F, Nasso G, Biondi-Zoccai GG, Possati G, 
Gaudino M. Myocardial ischemia, stunning, inflammation, and apoptosis 
during cardiac surgery: a review of evidence. Eur J Cardiothorac Surg. 
2004;25:304–311.

 26. Kulik A, Burwash IG, Kapila V, Mesana TG, Ruel M. Long-term out-
comes after valve replacement for low-gradient aortic stenosis: impact of 
prosthesis-patient mismatch. Circulation. 2006;114(1 suppl):I553–I558.

 at UNIV PIEMORIENTAA VOGADRO on January 15, 2014http://circinterventions.ahajournals.org/Downloaded from 

http://circinterventions.ahajournals.org/
http://circinterventions.ahajournals.org/

