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Abstract
Aims: We aimed to evaluate the extent of left ventricular (LV) recovery post transcatheter aortic valve 
implantation (TAVI) and its clinical predictors.

Methods and results: This was a retrospective study on patients treated with TAVI from August 2008 
to September 2017. Patients were sub-classified according to their baseline LV function as normal, mildly 
impaired, moderately impaired or severely impaired. Echo pre TAVI and early post TAVI were compared 
to assess LV function change. Predictors of LV function change were sought from univariate and multivari-
ate ordinal logistic regression analyses. There were 662 patients included in this study. Nearly half of them, 
323 patients (49%), had abnormal LV systolic dysfunction of various degrees. Of these, 193 (60%) showed 
LV function improvement post TAVI. Based on their pre-TAVI LV function, 55% of the mild LV dysfunc-
tion cohort, 62% of the moderate LV dysfunction cohort and 74% of the severe LV dysfunction cohort had 
LV function improvement post TAVI. Multivariate logistic regression analysis revealed baseline LV dys-
function as the only significant predictor of LV function improvement post TAVI.

Conclusions: The majority of patients with baseline LV dysfunction had LV improvement post TAVI, 
more so those patients with severe LV dysfunction.
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Abbreviations
AS aortic stenosis
EF ejection fraction
LV left ventricular
LVF left ventricular failure
LVFn left ventricular function
NYHA New York Heart Association
SAVR surgical aortic valve replacement
TAVI transcatheter aortic valve implantation

Introduction
Transcatheter aortic valve implantation (TAVI) is becoming the 
treatment of choice for intermediate- and high-risk patients with 
severe aortic stenosis (AS). TAVI is non-inferior to surgical aor-
tic valve replacement (SAVR) in terms of perioperative mortality 
and stroke rate; it is associated with a lower incidence of acute 
kidney injury, atrial fibrillation and shorter recovery time, albeit 
at the expense of increased pacemaker implantation rate and vas-
cular complications1,2. Among patients with severe AS undergoing 
TAVI, about one third of them have left ventricular systolic failure 
(LVF) with ejection fraction (EF) lower than 50%3. The progno-
sis of patients with reduced left ventricular (LV) function is worse 
than that of those with preserved LV function, whether they are 
treated with TAVI or SAVR4-6. Concerns about its prognosis and 

uncertainty about the possibility of LV recovery may lead to reluc-
tance of TAVI operators to accept severe AS patients with poor LV 
function for TAVI. Our study aimed to assess the extent and time 
course of LV function recovery post TAVI. We also aimed to iden-
tify factors that might predict the reversibility of LVF dysfunction 
in the setting of severe AS after TAVI.

Methods
This was a retrospective study carried out at a tertiary cardiac cen-
tre with an established structural heart intervention programme. All 
cases of TAVI performed between August 2008 and September 2017 
were included in the study. The inclusion criterion was TAVI in the 
defined period. Exclusion criteria were absence of echo pre TAVI 
or within a week post TAVI, and cases that were lost to follow-up.

Patient demographics, cardiovascular risk factors, comorbidities, 
and the findings of pre-TAVI and post-TAVI echo within a week 
were used for analysis and comparison. LVF was defined as mild 
if the EF was 45-54% (grade II), moderate if the EF was 30-44% 
(grade III) and severe if the EF was <30% (grade IV). The outcome 
of interest was improvement of LV function by at least one grade. 
Clinical variables and imaging findings were summarised in mean 
and standard deviation for continuous variables and count and 
proportion for categorical variables for the whole cohort and sub-
groups of LV function (Table 1). The differences in these clinical 

Table 1. Patients’ clinical, echo and CT variables versus their baseline LV function (LVFn).

Variables Total (n=662) LVFn-I (n=339) LVFn-II (n=170) LVFn-III (n=104) LVFn-IV (n=49) p-value
Age, mean (SD), years 80.34 (7.31) 80.79 (7.33) 80.12 (6.81) 79.89 (8.27) 78.88 (6.57) 0.283

Gender, M/F 295/367 (45%/55%) 127/212 (37%/63%) 84/86 (49%/51%) 56/48 (54%/46%) 28/21 (57%/43%) 0.002

Mean body mass index, 
kg/m² (SD) 26.28 (4.62) 26.44 (4.60) 26.59 (4.90) 25.30 (4.39) 26.22 (4.01) 0.121

AMI (yes/no) 126/536 (19%/81%) 37/302 (11%/89%) 41/129 (24%/76%) 28/76 (27%/73%) 20/29 (41%/59%) <0.001

COPD (yes/no) 143/519 (22%/78%) 77/262 (23%/77%) 34/136 (20%/80%) 26/78 (25%/75%) 6/43 (12%/88%) 0.29

TIA (yes/no) 102/560 60/279 22/148 14/90 6/43 0.417

Stroke (ischaemic/
bleeding/no)

78/7/577 
(12%/11%/87%)

44/5/290 
(13%/1%/86%)

16/0/154 
(9%/0%/91%)

14/2/88 
(13%/2%/85%)

4/0/45 
(8%/0%/92%) N/A*

Diabetes (yes/no) 202/460 (31%/69%) 100/239 (29%/71%) 48/122 (28%/72%) 30/74 (29%/71%) 24/25 (49%/51%) 0.035

Hypertension (yes/no) 409/253 (62%/38%) 221/118 (65%/35%) 98/72 (57%/43%) 65/39 (63%/37%) 25/24 (51%/49%) 0.149

Smoking (current/ex/no/
missing)

182/58/421/1 
(27%/9%/64%/0%)

95/26/218/0 
(28%/8%/64%/0%)

52/17/101/0 
(31%/10%/59%/0%)

23/12/68/1 
(22%/12%/65%/1%)

12/3/34/0 
(24%/6%/69%/0%) 0.575

Atrial fibrillation 
(paroxysmal/chronic/no)

145/70/447 
(22%/11%/67%)

65/34/240 
(19%/10%/71%)

42/19/109 
(25%/11%/64%)

28/9/67
(27%/9%/64%)

10/8/31
(21%/16%/63%) 0.405

Mean GFR, ml/min (SD) 57.48 (21.92) 59.88 (21.84) 57.49 (22.02) 55.42 (20.18) 45.27 (21.79) <0.001

Dialysis (No/HD/PD) 645/14/3 (97%/2%/1%) 334/4/1 (99%/1%/0%) 163/6/1 (96%/3%/1%) 101/3/0 (97%/3%/0%) 47/1/1 (96%/2%/2%) N/A*

NYHA (I/II/III/IV/missing) 95/191/326/32/18 
(14%/29%/49%/5%/3%)

53/110/155/10/11 
(16%/32%/46%/3%/3%)

30/47/81/9/3 
(18%/27%/48%/5%/2%)

7/21/63/10/3 
(7%/20%/61%/9%/3%)

5/13/27/3/1 
(10%/27%/55%/6%/2%) 0.024

Frailty (yes/no) 267/395 (40%/60%) 132/207 (39%/61%) 77/93 (45%/55%) 37/67 (36%/64%) 21/28 (43%/57%) 0.373

Mean logistic 
EuroSCORE (SD) 15.67 (10.03) 13.48 (8.56) 15.16 (10.58) 20.13 (10.80) 23.15 (9.49) <0.001

Mean pre-TAVI echo AV 
gradient, mmHg (SD) 40.76 (18.62) 43.73 (18.70) 40.14 (18.61) 34.31 (12.87) 35.76 (23.16) <0.001

Mean pre-TAVI CT AV 
annular area (mm²) 554.60 (187.96) 533.5 (193.7) 570.4 (180.3) 560.1 (157.8) 634.0 (209.6) 0.002

LVFn indicates LV function on echo. P-values were obtained from ANOVA one-way analysis for continuous variables and Pearson’s chi-square correlation for discrete variables. N/A* – there 
were subcategories with cell number <1; chi-square approximation would be invalid. AMI: acute myocardial infarction; AV: aortic valve; GFR: glomerular filtration rate; HD: haemodialysis; 
NYHA: New York Heart Association; PD: peritoneal dialysis; SD: standard deviation; TIA: transient ischaemic attack
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variables among the subgroups of LV function were analysed using 
one-way analysis of variance (one-way ANOVA) for continuous 
variables and the chi-square test for discrete variables (Table 1). 
To identify predictors of LV function change post TAVI, univari-
ate ordinal logistic regression analysis was performed first by set-
ting the order of outcomes as “LV improvement”, “no change” and 
“LV deterioration”. Variables with a p-value <0.05 were grouped 
together for subsequent multivariate ordinal logistic regression 
analysis to identify independent predictors of LV function change.

In the subgroup analysis of patients with severe LVF (grade 
IV), descriptive analysis was performed in the same manner as 
described above. Univariate binary logistic regression analysis 
was performed first to identify predictors of LV improvement in 
this subgroup. Only those variables with a p-value <0.05 from the 
univariate analysis were subsequently used in multivariate analy-
sis to identify independent predictors of LV function improvement 
in this subgroup. All the statistics performed in this study were 
conducted using the statistics software Minitab® 18 (Minitab LLC, 
State College, PA, USA).

The patients were followed up by clinic visit at intervals of one 
month, six months, twelve months and yearly at our centre or at 
the referring hospital. The study complied with the Declaration of 
Helsinki and ethics committee approval from our institution was 
waived given the non-experimental design of the study. All data 
collected were anonymised before analysis.

Results
In total, 678 consecutive patients were treated with TAVI in the 
predefined period. Of these, 662 patients with complete data 
were included in the current analysis (Table 1). Among those not 
included in the analysis were 11 in-hospital deaths due to com-
plications of bleeding (n=6), tamponade (n=2), stroke (n=2), and 
pneumonia (n=1); four of these patients had normal grade-I LV 
function (LVFn) pre TAVI, three patients had grade-II LVFn, three 
patients had grade-III LVFn and one patient had grade-IV LVFn. 
Hence, all the in-patient deaths were not statistically skewed 
towards the cohort with severe LV dysfunction.

The characteristics of the 662 patients are summarised in Table 1 
according to their baseline LVFn. Overall, those patients with poorer 
LVFn were more likely to be male, diabetic, renally impaired, 
symptomatic with higher NYHA class, and with a smaller aortic 
valve gradient due to reduced LV contractility (Table 1).

LV FUNCTION CHANGE POST TAVI
Of the 662 patients included in the analysis, 339 patients (51%) 
had normal baseline LVFn whereas 323 patients (49%) had 
abnormal LVFn of various degrees (Table 2). Among 323 patients 
with abnormal LVFn at baseline, 193 patients (60%) had LVFn 
improvement post TAVI. Of patients with mild LV dysfunction 
(grade-II) at baseline, 55% (93/170) had LVFn improvement 
post TAVI. Of those with moderate LV dysfunction (grade-III), 
61% (64/104) had LVFn improvement post TAVI: 42% (44/104) 
improved by one grade and 19% (20/104) improved by two 

grades. Of those with severe LV dysfunction (grade-IV), 73% 
(36/49) improved in their LVFn post TAVI: 55% (27/49) had LV 
improvement by one grade, 10% (5/49) had LVFn improvement 
by two grades and 8% (4/49) had improvement by three grades. 
Interestingly, of those with normal LVFn at baseline, 11% had 
deteriorated LVFn (Table 2).

For the whole study cohort (662 patients), 193 patients (29%) 
had an improved LVFn early post TAVI; 416 patients (63%) had 
no change in their LVFn while 53 patients (8%) had a deteriorated 
LVFn (Figure 1).

The improvement of LVFn occurred shortly after valve implan-
tation and appeared to be persistent with time as the fraction of 
LVFn in each LVFn subgroup at baseline remained similar up to 
12 months after the procedure (Figure 2).

PREDICTORS FOR LV FUNCTION CHANGE IN THE WHOLE 
COHORT
Based on the univariate ordinal logistic regression analysis, only 
logistic EuroSCORE, pre-TAVI mitral regurgitation (graded), 
pre-TAVI right ventricular systolic pressure (continuous vari-
able) and LV dysfunction (graded) and post-TAVI pacemaker 
implantation were identified as significant predictors of LVFn 
change. Further multivariate analysis of these predictors resulted 

Table 2. Baseline LV function versus change of LV function post 
TAVI; chi-square p<0.001.

Worse Same Improved Total
Baseline normal LVFn 38 (11.2%) 301 (88.8%) 0 (0%) 339

Baseline mild LVF (LVFn-II) 10 (5.9%) 67 (39.4%) 93 (54.7%) 170

Baseline moderate LVF (LVFn-III) 5 (4.8%) 35 (33.7%) 64 (61.5%) 104

Baseline severe LVF (LVFn-IV) 0 (0%) 13 (26.5%) 36 (73.5%) 49

LVFn: LV function on echo
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Figure 1. Distribution of LV function pre and post TAVI.
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in identification of LV dysfunction as the only independent clini-
cal predictor of LV change (Table 3).

SEVERE LV DYSFUNCTION SUBGROUP
In the subgroup analysis of patients with severe LV dysfunction 
pre TAVI, only gender and frailty were identified as significant 
predictors of LV change based on univariate binary logistic regres-
sion analysis (Table 4); female gender was a favourable variable 

for LV improvement whereas increased frailty was less likely to be 
associated with improved LVFn post TAVI (Table 4). Both vari-
ables remained significant predictors despite correcting for each 
other on further multivariate analysis (Table 4).

FOLLOW-UP
Patients were followed up over a median period of 962 days. 
Kaplan-Meier survival plots based on pre-TAVI echo LVFn are 

Table 3. Univariate and multivariate ordinal logistic regression analysis for LV improvement, no change or deterioration post TAVI.

Predictor Coeff. SE coeff. z p-value Odds ratio 95% CI (lower) 95% CI (upper)

Univariate analysis
Age 0.011 0.011 1.02 0.308 1.01 0.99 1.03

Sex (F) 0.115 0.159 0.72 0.47 1.12 0.82 1.53

BMI −0.007 0.017 −0.04 0.968 1.00 0.97 1.03

Pre-CAD-1 −0.127 0.211 −0.6 0.547 0.88 0.58 1.33

Pre-CAD-2 0.141 0.222 0.64 0.525 1.15 0.75 1.78

Pre-CAD-3 −0.271 0.250 −1.08 0.279 0.76 0.47 1.25

Previous MI 0.229 0.199 1.15 0.251 1.26 0.85 1.86

Hypertension −0.095 0.162 −0.59 0.558 0.91 0.66 1.25

Diabetes mellitus 0.038 0.171 0.22 0.824 1.04 0.74 1.45

Smoking, past −0.197 0.181 −1.09 0.277 0.82 0.58 1.17

Smoking, current −0.090 0.285 −0.32 0.751 0.91 0.52 1.60

AF, paroxysmal 0.266 0.193 1.38 0.167 1.31 0.89 1.90

AF, chronic 0.127 0.261 0.49 0.626 1.14 0.68 1.89

Frailty 0.102 0.161 0.63 0.527 1.11 0.81 1.52

Logistic EuroSCORE 0.038 0.008 4.66 <0.001 1.04 1.02 1.05

GFR −0.006 0.004 −1.71 0.087 0.99 0.99 1.00

Pre-AV annular area <0.001 <0.001 0.03 0.975 1.00 1.00 1.00

Pre-AV mean gradient −0.007 0.004 −1.56 0.118 0.99 0.98 1.00

Pre-TAPSE −0.086 0.0567 −1.52 0.128 0.92 0.82 1.03

Pre-MR 0.524 0.223 2.35 0.019 1.69 1.09 2.62

Pre-RVSP 0.027 0.010 2.84 0.005 1.03 1.01 1.05

Pre-LVFn-II 3.315 0.307 10.81 <0.001 27.52 15.09 50.20

Pre-LVFn-III 3.624 0.333 10.88 <0.001 37.50 19.52 72.04

Pre-LVFn-IV 4.250 0.420 10.12 <0.001 70.10 30.77 159.69

Post-PPM 0.534 0.265 2.02 0.004 1.71 1.02 2.87

Post-PVR 0.163 0.143 1.14 0.254 1.18 0.89 1.56

Multivariate analysis
Const (1) −3.591 0.653 −5.50 <0.001 – – –

Const (2) 0.959 0.570 1.68 0.093 – – –

Logistic EuroSCORE −0.009 0.014 −0.65 0.515 0.99 0.97 1.02

Pre-MR −0.094 0.398 −0.24 0.813 0.91 0.42 1.99

Pre-RVSP 0.021 0.011 1.85 0.064 1.02 1.00 1.04

Pre-LVFn-II 2.972 0.421 7.06 <0.001 19.54 8.56 44.61

Pre-LVFn-III 3.299 0.451 7.31 <0.001 27.08 11.18 65.59

Pre-LVFn-IV 4.199 0.600 7.0 <0.001 66.62 20.55 216.05

Post-PPM 0.187 0.423 0.44 0.659 1.21 0.53 2.76

AF: atrial fibrillation; BMI: body mass index; GFR: glomerular filtration rate; MI: myocardial infarction; n: number of vessels with disease; 
Post-PPM: post-TAVI permanent pacemaker implantation; Post-PVR: post-TAVI paravalvular leak (graded); Pre-AV: pre-TAVI aortic valve; Pre-CAD-n: 
pre-TAVI coronary artery disease; Pre-LVFn: pre-TAVI LV function grade; Pre-MR: pre-TAVI mitral regurgitation; Pre-TAPSE: pre-TAVI tricuspid annular 
plane systolic excursion; Pre-RVSP: pre-TAVI right ventricular systolic pressure
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shown in Figure 3. Kaplan-Meier survival plots for subsets of 
severe LV dysfunction (with or without LV improvement) are 
shown in Figure 4. Statistics of the survival plots indicate that 
the differences among the subgroups of pre-TAVI LVFn were 
not significant (log-rank p-value=0.053 and Wilcoxon test 
p-value=0.223). Nonetheless, there was a trend showing that in 

the long term the separation among the curves became wider; 
those with a better baseline LVFn might have a better survival 
probability. Similarly, in the cohort of severe LV failure (LVFn 
class IV), there was no significant difference in survival prob-
ability between those with LV improvement versus those with-
out LV improvement post TAVI (log-rank test p-value=0.414 and 
Wilcoxon test p-value=0.509).

Discussion
In our large cohort of patients undergoing TAVI, almost half of 
them had LV systolic dysfunction of various degrees. Our study 
showed that more than half of these patients with LV dysfunc-
tion had a prompt improvement in their LV systolic function post 
TAVI. Interestingly, a larger proportion of patients with severe LV 
systolic dysfunction showed an improvement in LVFn after TAVI 
in comparison with the subgroups of patients with milder LV sys-
tolic dysfunction at baseline. Our findings concur with the find-
ings of a study by Elhmidi et al in which, of patients with severe 
LV dysfunction, 15% improved to normal EF and 66% improved 
to mild-moderate dysfunction post TAVI7.

The LV improvement present at one week after TAVI appeared 
to be sustained during subsequent follow-up. Sustained LVFn 
improvement is potentially associated with a better survival rate 
in comparison to those with no LVFn improvement. In a study 
using LV global longitudinal strain (GLS) as a marker of LVFn 
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Figure 2. Fractions of LV function class (percentage) pre-TAVI, within 
a week, six months and twelve months post TAVI remain the same.

Table 4. Univariate and multivariate binary logistic regression analysis for LV improvement post TAVI in severe LV dysfunction subgroup.

Predictor Coeff. SE coeff. Chi-square p-value Odds ratio 95% CI (lower) 95% CI (upper)
Univariate analysis
Age −0.038 0.053 0.55 0.459 0.96 0.87 1.07

Sex (F) 1.816 0.838 5.97 0.015 6.15 1.19 31.77

BMI −0.048 0.079 0.36 0.549 0.95 0.82 1.11

Pre-CAD, yes vs no 0.416 0.656 0.40 0.527 1.52 0.42 5.48

Previous MI −0.298 0.653 0.21 0.649 0.74 0.21 2.67

Hypertension −0.058 0.661 0.79 0.374 0.56 0.15 2.04

Diabetes mellitus −0.693 0.661 1.12 0.289 0.50 0.14 1.83

Smoking, ex or current −0.010 0.701 0.00 0.989 0.99 0.25 3.91

AF, PAF/CAF 0.868 0.740 1.49 0.222 2.38 0.56 10.15

Frailty −2.025 0.751 8.56 0.003 0.132 0.03 0.58

Log. EuroSCORE 0.055 0.039 2.21 0.137 1.06 0.98 1.14

GFR 0.004 0.015 0.08 0.775 1.00 0.97 1.04

Pre-mean gradient −0.002 0.0138 0.03 0.864 0.998 0.971 1.025

Pre-TAPSE −0.304 0.319 2.84 0.092 0.74 0.39 1.38

Pre-RVSP 0.054 0.042 1.99 0.159 1.05 0.97 1.14

Post-PPM 0.095 0.889 0.01 0.914 1.100 0.193 6.286

Post-PVR 0.034 0.523 0.00 0.948 1.035 0.371 2.884

Multivariate analysis
Sex (F) 1.962 0.907 35.82 0.016 7.114 1.202 42.108

Frailty -2.145 0.806 8.42 0.004 0.117 0.024 0.569

AF: atrial fibrillation - paroxysmal (PAF) or chronic (CAF); BMI: body mass index; GFR: glomerular filtration rate; Log. EuroSCORE: logistic EuroSCORE; 
MI: myocardial infarction; Post-PPM: post-TAVI permanent pacemaker implantation; Post-PVR: post-TAVI paravalvular leak (graded); Pre-mean 
gradient: pre-TAVI mean aortic valve gradient on echo; Pre-TAPSE: pre-TAVI tricuspid annular plane systolic excursion; Pre-RVSP: pre-TAVI right 
ventricular systolic pressure
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improvement, Sato et al demonstrated that such an improvement of 
LV was sustained even during follow-up over five years. Patients 
with improved GLS were less likely to die in comparison with 
those who failed to demonstrate improvement in GLS post TAVI8. 
Similarly, in the PARTNER-1 trial, the mortality rate of patients 
with no LVFn recovery after 30 days was twice as high as the mor-
tality rate of those with LV recovery during two-year follow-up3.

Identifying those likely to have LV improvement post TAVI 
among the patients with baseline LV systolic dysfunction would 
be an important stratification process, particularly when the 
resources for TAVI are limited. In our attempt to do so, we could 
only identify baseline LV systolic dysfunction as the only inde-
pendent predictor. Elhmidi et al also found that baseline LV sys-
tolic dysfunction was the strongest predictor of LV recovery post 
TAVI7. Contrary to the findings of Freixa et al, our study did not 
show that coronary artery disease and previous myocardial infarc-
tion were significant predictors of failure of LV improvement9.

In the subgroup of patients with severe baseline LV systolic dys-
function, only female gender was identified as a significant predic-
tor of LV function improvement post TAVI, whereas the presence 

of frailty predicted a low likelihood of LV recovery. Interestingly, 
in a study comparing TAVR versus SAVR in terms of LV recovery 
post procedure, Clavel et al also reported that one of the independ-
ent predictors of LV recovery was female gender10. The reason for 
this finding remains to be elucidated.

Limitations
A major limitation of our study is the lack of dobutamine stress 
echo data. Several studies have shown that dobutamine stress echo 
can predict LV recovery post aortic valve replacement5,6. SAVR 
patients with no contractile reserve appear to have a much higher 
operative mortality rate in comparison to patients with contractile 
reserve, 32% vs. 6%, respectively. In a small study looking at 49 
patients with a low gradient type of severe AS, Hayek et al reported 
a higher mortality in the cohort with no contractile reserve versus 
those with contractile reserve during in-hospital stay, at 30 days, one 
year and two years post TAVI11. On the other hand, in the recently 
published TOPAS-TAVI registry, absence of contractile reserve on 
dobutamine stress echo did not negate the possibility of LV func-
tion improvement post TAVI in those with low-flow low-gradient 
type of severe aortic stenosis (LFLG-AS); it also failed to predict 
the mortality outcome of the LFLG-AS patients post TAVI. Hence, 
the value of pre-TAVI dobutamine stress echo is still questionable12.

As this was a retrospective observational study it has other 
limitations including missing data, observer and patient selection 
bias. Not all patients with poor LV systolic function were included 
in this study due to significant comorbidities and frailty. A ran-
domised controlled study on patients with severe LV dysfunction 
would help to address these issues.

Conclusions
In our large cohort of patients with severe AS and LV systolic 
dysfunction, nearly two thirds of the patients had improvement 
in LV function post TAVI. LV function improvement occurred in 
a greater proportion of patients with more severe LV dysfunction. 
Patients should not be excluded from TAVI treatment based on the 
extent of pre-TAVI LV dysfunction alone.

Impact on daily practice
Patients with severe aortic stenosis and severe LV systolic dys-
function potentially benefit the most from TAVI. They should 
not be discriminated from receiving TAVI treatment based on 
their baseline LV dysfunction.
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Figure 3. Kaplan-Meier survival plot as per baseline LV function.
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