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Abstract

Aims There are limited data about the intraprocedural haemodynamic study performed immediately before and after trans-
catheter aortic valve implantation (TAVI) in patients with severe aortic stenosis (AS). We aimed to evaluate the acute haemo-
dynamic impact of TAVI in patients with severe AS and to investigate invasive and non-invasive parameters predicting all-cause
mortality.
Methods and results A total of 245 consecutive AS patients (43% male, mean age 80.3 ± 7.3 years) undergoing TAVI were
enrolled. Intraprocedural left heart catheterization (LHC) and echocardiogram before and after TAVI were performed. The clin-
ical endpoint was the death for any cause. LHC after TAVI revealed significant changes in aortic and left ventricular (LV) pres-
sures, including indexes of intrinsic myocardial contractility and diastolic function such as positive dP/dT (1128.9 ± 398.7 vs.
806.3 ± 247.2 mmHg/s, P ˂ 0.001) and negative dP/dT (1310.7 ± 431.1 vs. 1075.1 ± 440.8 mmHg/s, P ˂ 0.001). Post-TAVI echo
showed a significant reduction in LV end-diastolic (P = 0.036) and end-systolic (P ˂ 0.001) diameters, improvement in LV ejec-
tion fraction (from 55 ± 12% to 57.2 ± 10.5%, P ˂ 0.001), and pulmonary artery systolic pressure (42.1 ± 14.2 vs.
33.1 ± 10.7 mmHg, P< 0.001). After a mean follow-up time interval of 24 months, 47 patients died. Post-TAVI significant aortic
regurgitation at echocardiography was the only independent predictor of mortality (hazard ratio 5.592, confidence interval
1.932–16.184, P = 0.002).
Conclusions Left heart catheterization performed immediately before and after prosthesis release offers a unique insight in
the assessment of LV adaptation to severe AS and the impact of TAVI on LV, catching changes in indexes of intrinsic contrac-
tility and myocardial relaxation. Aortic regurgitation assessed by echocardiography was the only independent predictor of
mortality in patients undergoing TAVI.
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Introduction

Aortic stenosis (AS) is the most common heart valve lesion,
with an incidence rate of severe AS of ~4% to 7% per year
among people ≥65 years of age.1 For decades, the only avail-
able treatment for severe AS has been surgical aortic valve

replacement (SAVR), which significantly improves survival,
symptoms, and quality of life.2 However, as much as
30–40% of patients are deemed unsuitable for SAVR.3 Lately,
the traditional treatment paradigm for patients with severe
AS has been challenged by the development of transcatheter
aortic valve implantation (TAVI) procedure.4–9 TAVI
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profoundly changed the management of patients judged at
prohibitive surgical risk, including those with severe heart
failure (HF). Patients with AS and HF benefit from this proce-
dure in terms of symptom alleviation, and a post-TAVI
favourable prognosis has been observed, particularly in pa-
tients with HF with preserved or mildly reduced ejection frac-
tion (EF) compared with patients with HF and reduced EF.10

TAVI leads to cardiac reverse remodelling, although there
are conflicting results about the regression of left ventricular
(LV) hypertrophy as well as about the improvement of LV sys-
tolic and diastolic function.11–14

There are limited data regarding the invasive haemody-
namic evaluation of patients undergoing TAVI and even less
about the prognostic role of the haemodynamic study per-
formed immediately before and after prosthesis
deployment.15–20 Most of the available invasive studies fo-
cused on right heart catheterization,17–20 and the few studies
performed with left heart catheterization (LHC) focused on
the role of residual aortic regurgitation (AR) as predictor of
long-term mortality.21,22

The aims of our study were (i) to assess the acute effect of
TAVI on LV haemodynamics as well as the early impact on
echocardiographic parameters and (ii) to identify the stronger
predictor of all-cause mortality after TAVI.

Methods

Study design

The present study is a clinical retrospective study that reports
data prospectively collected in a large registry that includes
all consecutive patients undergoing TAVI in our centre.

We retrospectively selected consecutive patients who
underwent TAVI between January 2016 and March 2019 at
our institution. The study population included symptomatic
patients with severe AS defined according to guidelines.8

The exclusion criteria were TAVI performed for pure AR and
valve-in-valve procedures.

Transcatheter aortic valve implantation
procedure

The management of patients with AS in our centre is rou-
tinely performed according to internal guidelines (in the insti-
tutional clinical pathway dedicated to patients with heart
valve diseases: https://www.policlinicogemelli.it/servizi-
paziente/percorsi-assistenziali/valvulopatia/).23 All TAVIs
were conducted according to a procedural plan performed
on the basis of computed tomography (CT) scan. For each pa-
tient, the CT scan was revised by at least two operators to as-
sess the potential suitability for TAVI implantation.

Transfemoral approach was considered the preferred option,
other accesses being considered in the case of absence of
suitable aorto–iliac–femoral anatomy due to insufficient lu-
men size, extreme tortuosity, and/or severe atherothrombo-
sis. All TAVIs were performed following the manufacturer’s
best practice recommendations. Details of the transfemoral
TAVI technique have been recently published.24

Pre-transcatheter aortic valve implantation and
post-transcatheter aortic valve implantation
evaluation

Each patient underwent a thorough clinical and echocardio-
graphic evaluation before the procedure according to the
standard practice of our centre, and all patients were re-
ferred for TAVI on the basis of formal, multidisciplinary, Heart
Team discussion. Clinical data and procedure details were
prospectively entered into a dedicated database that allowed
previously to assess the impact of EuroSCORE on coronary
interventions25 and the safety of trans-radial procedures.26

Patients’ surgical risk was graded according to the Society
of Thoracic Surgeons (STS)-predicted operative mortality at
the time of Heart Team consultation. TAVI risk was graded ac-
cording to the STS/American College of Cardiology Transcath-
eter Valve Therapy27 using the online TAVI in-hospital
mortality risk calculator (https://tools.acc.org/tavrrisk/
#!/content/evaluate/). In-hospital clinical outcomes were
prospectively recorded because the continuous monitoring
of in-hospital clinical outcomes for TAVI is part of our institu-
tional clinical pathway dedicated to patients with heart valve
diseases. The study was in compliance with the Declaration of
Helsinki, and all patients signed a dedicated informed con-
sent to the study procedure, which included the authoriza-
tion to database insertion and clinical follow-up assessment.

In the pre-TAVI evaluation, the following data were
collected:

• Clinical data: age, sex, weight, height, body surface area,
body mass index, cardiovascular risk factors, medical his-
tory, major co-morbidities, and New York Heart Associa-
tion (NYHA) functional class. The assessment of patients’
symptomatic status and physical examination were care-
fully performed by experienced teams of physicians from
our specialized heart valve clinic. HF was defined according
to the current European Society of Cardiology guidelines
definition.28

• Laboratory tests: blood cell count, electrolytes, liver func-
tion, serum creatinine, and estimated glomerular filtration
rate were obtained by the Chronic Kidney Disease Epide-
miology Collaboration formula.

• A standard 12-lead electrocardiogram.
• Complete echocardiography: all patients underwent

echocardiographic assessment within 24 h before the
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scheduled procedure and a second evaluation within
2–5 days after TAVI.

• Computed tomography: all patients underwent CT for
work-up and pre-procedural planning before TAVI for the
selection of prosthesis type sizing as well as for the evalu-
ation of vascular access site. Clinical follow-up was avail-
able for all the patients enrolled, and data were obtained
by telephone or in an outpatient visit to assess vital status.

All the echocardiograms were performed by experienced
physicians (F. G., G. L., and A. L.) from our heart valve clinic.
Images were acquired with patients at rest in the left
decubitus position using commercially available ultrasound
systems (Toshiba Artida, Toshiba, Tokyo, Japan; Philips Epiq
7, Philips Medical Systems, Andover, Massachusetts, USA)
equipped with 3.5 MHz or M5S transducers. Two-
dimensional, colour, pulsed-wave (PW), and continuous-wave
Doppler data were obtained in parasternal and apical views.
Apical two-chamber and four-chamber views were used for
quantification of LV end-diastolic and end-systolic volumes,
and LVEF was calculated using Simpson’s biplane method.
LV dimensions and wall thicknesses were measured on
M-mode recordings of the parasternal long-axis view. All
acoustic windows were explored in order to obtain the best
ultrasound beam alignment for Doppler recording of the aor-
tic valve (AV): aortic mean and peak gradients were
evaluated using continuous-wave Doppler with the simplified
Bernoulli equation. AS was assessed using a multi-parametric
approach as suggested by the European Association of
Cardiovascular Imaging (EACVI)/American Society of
Echocardiography (ASE) guidelines.29,30

Heart chamber dimension classification, as well as LV mass
index (LVMi) for men and women, and the grading of dia-
stolic dysfunction and associated valvular heart disease were
all carried out in accordance with the most recent EACVI/ASE
guidelines.29,30

Regarding diastolic function assessment, pertinent echocar-
diographic variables were obtained as follows: early flow peak
velocity (E), E-wave deceleration time (DT), and peak velocity
during atrial systole (A) were measured from trans-mitral flow
patterns obtained between the mitral leaflets using PW Dopp-
ler in the apical four-chamber view. Early diastolic annular ve-
locity (e0) of the lateral and septal LVwall wasmeasured by PW
tissue Doppler imaging. Left atrial volumewas calculated using
Simpson’s rule. Pre-procedural LV diastolic dysfunction was
classified into three grades (I, II, and III) based on 2016 ASE/
EACVI Recommendations for Evaluation of Left Ventricular Di-
astolic Function by Echocardiography.31

Finally, we applied the staging classification recently pro-
posed by Généreux et al.32 for the characterization of the ex-
tent of cardiac damage among patients with severe AS.

Aortography and LHC were performed before and after
valve deployment. LHCwas performed using two 5F or 6F diag-
nostic catheters positioned in the left ventricle (through the

main TAVI access site) and in the ascending aorta (through
the radial or femoral ancillary arterial access). LV and aortic
pressure–time curves were simultaneously recorded and
stored on our Hemodynamic Recording System (Mac-Lab, GE
Medical Systems Informa Technologies, Milwaukee, Wiscon-
sin, USA). The values of systolic and diastolic pressures were
collected, and, after data processing, systolic and diastolic in-
tervals and pressure gradients between the LV and the aorta
were calculated. Figure 1 shows an example of LHC (with the
evaluated parameters before and after TAVI). AR index was
calculated as previously described33 before and after TAVI
and the AR index ratio34 derived for each patient.

Statistical analysis

Categorical variables were expressed as percentages and
analysed by χ2 or Fisher’s exact test as appropriate. Continu-
ous variables were expressed as mean ± standard deviation
and/or median [inter-quartile range] and compared using
the paired t-test or the non-parametric Wilcoxon test, as ap-
propriate. Normality of distribution of continuous variables
was assessed by Kolmogorov–Smirnov test. Kaplan–Meier
curves were constructed for mortality. Comparison of the var-
iables between patients who survived and those who died
was performed. To assess the independent predictors of sur-
vival, a Cox regression univariate and multivariate analysis
model was realized. Variables with a P value lower than 0.1
in the univariate analysis were included in the backward step-
wise multivariate analysis. Differences were considered sig-
nificant with P < 0.05. Data were analysed using IBM SPSS
Statistics Version 24.0 software (IBM, Armonk, NY, USA).

Results

Out of the 267 patients who underwent TAVI during the pe-
riod considered, 245 patients undergoing TAVI for severe AS
of the native valve were selected and constituted the study
population.

Baseline clinical characteristics of the patients are summa-
rized in Table 1. Mean age was 80.3 ± 7.3 years, and 140
(57%) patients were female. As much as the 87% of the entire
population was hypertensive, and 31% had type II diabetes.
More than 60% of patients (153; 63%) had overt HF, being
in NYHA Class III–IV. The majority of patients had preserved
LVEF (EF ≥ 50%), 33 (13.4%) had HF with reduced EF
(EF ≤ 40%), and 33 (13.4%) had mildly reduced EF
(EF < 50% but >40%). Seventy-eight patients (32%) have
been previously hospitalized for HF. Pre-TAVI atrial fibrillation
was documented in 34 patients (13.8%). Almost half of the
population (103; 42%) had a history of coronary artery dis-
ease, 30 patients (12%) had previous cardiac surgery, 56 pa-
tients (23%) were affected by peripheral vascular disease,
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and 63 (26%) suffered from chronic obstructive pulmonary
disease.

Mean STS score was 5.3 ± 2.4, and TAVI score was
3.9 ± 2.2. Of the 245 TAVI, 202 (83%) were performed by fem-
oral access: 129 (53%) right femoral and 73 (30%) left femo-
ral. Axillary access was used in four cases (1.6%) and aortic in
two patients (0.8%). Trans-apical TAVI was 37 (15%). In most
cases (78.7%), self-expandable valves were used. Specifically:
CoreValve was used in 187 (76.3%), Edwards SAPIEN 3 in 52
(21.2%), and Portico in 6 (2.4%).

The TAVI procedure was successful in 244/245 patients
(99.6%). In one case, only the procedure was not completed
because of the occurrence of ascending aortic rupture so that
conversion to urgent SAVR was successfully performed. After
TAVI, 26 (10.6%) patients needed a permanent pacemaker
implantation.

Haemodynamic parameters obtained before and after the
procedure are reported in Table 2. LHC data were incom-
plete/missing in eight patients due to insufficient quality
traces.

As expected, AV peak and mean gradient significantly de-
creased after TAVI (P < 0.001), as well as AV closure pressure
(P = 0.001) and time to aortic peak pressure (P < 0.001),
while aortic peak pressure increased (P < 0.001). The relief
of abnormal afterload after the deployment of the prosthesis

Figure 1 Example of left heart catheterization with the evaluated parameters before and after transcatheter aortic valve implantation. LV, left
ventricular.

Table 1 Clinical characteristics of the study population

Variables
Study population

(n = 245)

Age (years), mean ± SD 80.3 ± 7.3
Male, n (%) 105 (43%)
Cardiovascular risk factors

Diabetes mellitus, n (%) 76 (31%)
Arterial hypertension, n (%) 214 (87%)
Dyslipidaemia, n (%) 156 (64%)
Smoker, n (%) 87 (36%)
Obesity (BMI ≥ 30), n (%) 55 (22%)

Co-morbidities
Atrial fibrillation, n (%) 34 (13.8%)
Previous hospitalization for HF, n (%) 78 (32%)
Renal failure (serum creatinine >1.2 mg/

dL), n (%)
19 (8%)

COPD, n (%) 63 (26%)
Peripheral vascular disease, n (%) 56 (23%)
Previous MI > 3 months, n (%) 20 (8%)
Previous PCI, n (%) 71 (29%)
Previous cardiac surgery, n (%) 30 (12%)

Clinical presentation
NYHA Class III–IV, n (%) 153 (63%)

Pre-procedural risk
STS score (%), mean ± SD 5.3 ± 2.4
TAVI score (%), mean ± SD 3.9 ± 2.2

BMI, body mass index; COPD, chronic obstructive pulmonary dis-
ease; HF, heart failure; MI, myocardial infarction; NYHA, New York
Heart Association; PCI, percutaneous coronary intervention; SD,
standard deviation; STS, Society of Thoracic Surgeons; TAVI, trans-
catheter aortic valve implantation.
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was followed by a significant reduction of LV peak pressure
(P < 0.001) and LV positive dP/dT (P < 0.001, Figure 2A).
While end-diastolic pressure did not significantly change after
the procedure (P = 0.107), negative dP/dT decreased after
TAVI (P < 0.001, Figure 2B) and LV proto-diastolic pressure
increased (P = 0.001).

Echocardiographic characteristics before and after TAVI are
presented in Table 3. At baseline, mean LVEF was 55 ± 12%
and 20 (8%) patients showed severe LV systolic dysfunction
(LVEF ≤ 30%). The mean gradient across the AV was
52 ± 14.4 mmHg. The mean calculated AV area was
0.7 ± 0.2 cm2. Mean LVMi was 145.4 ± 37.8 g/m2. Assessment
of diastolic function was available in 151 patients (61.6%):
only one patient had normal diastolic function, and Grade I di-
astolic dysfunction was found in 42 patients (27.8%), Grade II
in 88 (58.3%) patients, and Grade III in 20 (13.2%) patients. Ac-
cording to the Généreux classification, most patients were in
Stage 2 (69%), followed by Stages 3 (19%), 1 (8%), and 4 (4%).

After TAVI, as expected, mean aortic gradient decreased
(from 52 ± 14.4 to 8.9 ± 4.8 mmHg, P < 0.001), but, more
interestingly, there was a significant reduction in LV diame-
ters and volumes (respectively: LV end-diastolic diameter
from 48.4 ± 7.5 to 47.4 ± 6.9 mm, P = 0.036; LV end-sys-
tolic diameter from 33 ± 8.6 to 30.1 ± 8.1 mm,
P < 0.001; and LV end-diastolic volume index from
54.6 ± 18.4 to 51.7 ± 17.5 mL/m2, P = 0.017; Figure 3A)
and a significant improvement in LV systolic function with
increase in post-procedural LVEF (from 55 ± 12% to
57.2 ± 10.5%, P < 0.001; Figure 3B). In particular, patients
with worse pre-TAVI systolic function showed significant
improvement in LVEF compared with patients with pre-
served pre-procedural LVEF (ΔLVEF respectively 6% vs.
1.6%, P < 0.001). Moreover, pulmonary artery systolic pres-
sure decreased significantly [pulmonary artery systolic pres-
sure (PASP) from 42.1 ± 14.2 to 33.1 ± 10.7 mmHg,
P < 0.001; Figure 3C].

Table 2 Haemodynamic parameters before and after TAVI

Variables Before TAVI After TAVI P value

LV pressures
LV peak pressure (mmHg), mean ± SD 198.3 ± 36.5 164.2 ± 32.2 <0.001
LV proto-diastolic pressure (mmHg), mean ± SD 5.6 ± 9.5 8.2 ± 7.8 0.001
LV end-diastolic pressure (mmHg), mean ± SD 26.2 ± 9.2 27.4 ± 8.2 0.107

Aortic pressures
Aortic peak pressure (mmHg), mean ± SD 139.3 ± 31.6 158.4 ± 32.7 <0.001
Aortic valve closure pressure (mmHg), mean ± SD 123.6 ± 30.9 113.3 ± 26.0 0.001
Aortic minimal pressure (mmHg), mean ± SD 61.5 ± 13.6 62.2 ± 12.3 0.538

Ventricular–aortic systolic gradients
AV peak gradient (mmHg), mean ± SD 59.2 ± 29.4 5.8 ± 13.1 <0.001
AV mean gradient (mmHg), mean ± SD 60.5 ± 21.5 6.2 ± 4.5 <0.001

Time intervals and time-derived measures
Time to aortic peak pressure (ms), mean ± SD 285.2 ± 37.6 221.2 ± 44 <0.001
LV negative dP/dT (mmHg/s), mean ± SD 1310.7 ± 431.1 1075.1 ± 440.8 <0.001
LV positive dP/dT (mmHg/s), mean ± SD 1128.9 ± 398.7 806.3 ± 247.2 <0.001

Post-TAVI aortic regurgitation
Aortic regurgitation index ratio 1.0 ± 0.6
Moderate-to-severe aortic regurgitation at aortography, n (%) 17 (6.9%)

AV, aortic valve; LV, left ventricular; SD, standard deviation; TAVI, transcatheter aortic valve implantation.

Figure 2 Impact of transcatheter aortic valve implantation (TAVI) on haemodynamic parameters: box plot with median and inter-quartile ranges of (A)
positive dP/dT and (B) negative dP/dT values before vs. after TAVI.
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Interestingly, TAVI procedure was found to significantly im-
pact on Généreux’s classification: as shown in Table 3, after
TAVI, the Généreux classification stages significantly changed
(P < 0.001), and this change was mainly driven by a major re-
duction of Stage 3 patients. We found no major differences in
diastolic function indexes before and after TAVI; none of the
patients with Grade III diastolic dysfunction before TAVI
showed an improvement after the procedure. A borderline
statistical significance was reached for the decrease of pa-
tients with moderate-to-severe mitral regurgitation (before
vs. after TAVI: 6.3% vs. 3.5%, P = 0.05). Neither of the patients
with atrial fibrillation before TAVI showed spontaneous
restoration of the sinus rhythm nor anyone underwent
cardioversion.

According to echocardiography, the severity of post-TAVI
AR was as follows: none in 141 (57.6%), mild in 86 (35.1%),
and moderate to severe in 18 (7.3%) patients.

After a mean follow-up time interval of 24 months (range
3–50 months), 47 patients died.

Table 4 shows the results of survival Cox regression analy-
ses for clinical, echocardiographic, and haemodynamic vari-
ables, in order to investigate possible predictors of mortality.

At univariable analysis, male sex [hazard ratio (HR) 2.1,
confidence interval (CI) 1.209–3.923, P = 0.01] and smoke
(HR 1.3, CI 1.008–1.817, P = 0.04) were significantly associ-
ated with mortality, together with moderate-to-severe AR
assessed with echocardiography (HR 2.9, CI 1.298–6.545,
P = 0.010). NYHA class (P = 0.994) and previous hospitaliza-
tion for HF (P = 0.464) were not significantly associated with
mortality, while a trend was observed for atrial fibrillation
(HR 2.0, CI 0.919–4.468, P = 0.08).

At multivariate analysis, moderate-to-severe AR after TAVI
was the only independent predictor of mortality (HR 5.592, CI
1.932–16.184, P = 0.002, Figure 4), while pre-TAVI aortic peak
pressure (HR 0.978, CI 0.966–0.991, P = 0.001) and post-TAVI
LV peak systolic pressure (HR 0.980, CI 0.963–0.998,
P = 0.027) were found to be weakly associated with reduced
mortality (Table 4).

Table 3 Echocardiographic characteristics before and after TAVI

Variables Before TAVI After TAVI P value

AV mean gradient (mmHg), mean ± SD 52 ± 14.4 8.9 ± 4.8 <0.001
LVEDD (mm), mean ± SD 48.4 ± 7.5 47.4 ± 6.9 0.036
LVESD (mm), mean ± SD 33 ± 8.6 30.1 ± 8.1 <0.001
LVEDVi (mL/m2), mean ± SD 54.6 ± 18.4 51.7 ± 17.5 0.017
LVEF (%), mean ± SD 55 ± 12 57.2 ± 10.5 <0.001
PASP (mmHg), mean ± SD 42.1 ± 14.2 33.1 ± 10.7 <0.001
Grade III diastolic dysfunction, n (%) 20 (13%) 20 (13%) 0.869
TAPSE (mm), mean ± SD 20.3 ± 4 19.5 ± 3.4 0.004
Moderate-to-severe mitral regurgitation, n (%) 16 (6.3%) 7 (3.5%) 0.05
Moderate-to-severe tricuspid regurgitation, n (%) 13 (5%) 8 (4%) 0.372
AS stage according to Généreux et al. <0.001

Stage 1, n (%) 20 (8%) 18 (7.3%)
Stage 2, n (%) 169 (69%) 207 (85%)
Stage 3, n (%) 47 (19%) 15 (6%)
Stage 4, n (%) 9 (4%) 5 (2%)

AS, aortic stenosis; AV, aortic valve; LVEDD, left ventricular end-diastolic diameter; LVEDVi, left ventricular end-diastolic volume index;
LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic diameter; PASP, pulmonary artery systolic pressure; SD, standard
deviation; TAPSE, tricuspid annular plane systolic excursion.

Figure 3 Impact of transcatheter aortic valve implantation (TAVI) on echocardiographic parameters: box plot with median and inter-quartile ranges of
(A) left ventricular end-diastolic volume index (LVEDVi), (B) left ventricular ejection fraction (EF), and (C) pulmonary artery systolic pressure (PASP)
values before vs. after TAVI.
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Discussion

The present study analysed invasive data obtained from LHC
before and soon after TAVI as well as early echocardiographic
changes after the procedure, offering a unique insight in the
pathophysiology of severe AS and the impact of TAVI. More-
over, we investigated the prognostic significance of haemody-
namic and echocardiographic parameters before and after
TAVI.

Our relevant findings are as follows: (i) global haemody-
namics, afterload, and contractility change immediately after
TAVI; (ii) an early LV remodelling is appreciable at echocardi-
ography after TAVI; and (iii) post-TAVI significant AR at
pre-discharge echocardiography is the only independent pre-
dictor of mortality after an interval of 24 months.

Despite several studies aiming to compare non-invasive
(echocardiographic and cardiac magnetic resonance)
pre-TAVI and post-TAVI data have been performed, poor data

are available on the role of the haemodynamic assessment
performed immediately before and after prosthesis deploy-
ment in patients with severe AS.15,16,35,36

The few studies available on this topic have mainly focused
on the variations of LV end-diastolic pressure (LVEDP).36 In
our study, LVEDP did not show any significant change after
TAVI, while LV proto-diastolic pressure increased. Previous
studies showed that, after deployment of the prosthesis,
the LVEDP tends to reduce significantly (>5 mmHg).36 How-
ever, other studies reported that immediately after TAVI,
LVEDP may even increase.15 This may be explained by the
fact that during TAVI procedure, rapid ventricular pacing
(RVP) is required to produce a transient decrease in cardiac
and catheter motion. The transient cycle of hypotension
and low cardiac output induced by repeated RVP may cause
LVEDP elevation; moreover, deterioration in coronary perfu-
sion induced by RVP15 may have been partly responsible for
the temporary myocardial stunning and the non-reduction
in LVEDP observed in our study. Finally, the administration
of intravenous fluid infusion and iodinated contrast agent
during procedure could have had a role in the lack of reduc-
tion of LVEDP. Even if LVEDP did not change significantly, we
observed a decrease of negative dP/dT, an intrinsic index of
diastolic function.

We performed a comprehensive assessment of haemody-
namic changes after TAVI, including LV systolic function, so
far poorly understood. Beyond the expected reduction of
AV peak and mean gradient, driving the reduction of LV peak
pressure, several parameters significantly changed after the
procedure. Interestingly, positive dP/dT, an index of myocar-
dial contractility, decreases after TAVI. We can speculate that
patients with AS and preserved LVEF use efficiently the con-
tractile reserve in order to overcome the increased afterload;
once the key pathophysiological element of the AS is fixed,
that is, the increased valvular load, indexes of intrinsic con-
tractility decrease as well as those of myocardial relaxation
(i.e. negative dP/dT). Our results are in line with the recent
findings of Seppelt et al.16 They performed (in a pilot study
on eight patients) an invasive LV pressure volume loop anal-
ysis and found impaired systolic and diastolic function in the
early phase after TAVI, even if ventricular–arterial coupling

Table 4 Univariate and multivariate predictors of death

Univariate analysis Multivariate analysis

P value HR (95% CI) P value HR (95% CI)

Pre-TAVI parameters
Aortic peak pressurea <0.001 0.977 (0.966–0.988) 0.001 0.978 (0.966–0.991)

Post-TAVI parameters
LV peak systolic pressurea 0.047 0.986 (0.973–1.000) 0.027 0.980 (0.963–0.998)
LV positive dP/dTa 0.044 1.002 (1.000–1.003) 0.001 1.003 (1.001–1.005)
Moderate-to-severe aortic regurgitationb 0.010 2.9 (1.298–6.545) 0.002 5.592 (1.932–16.184)

CI, confidence interval; HR, hazard ratio; LV, left ventricular; TAVI, transcatheter aortic valve implantation.
aAssessed at left heart catheterization.
bAssessed at echocardiography.

Figure 4 Kaplan–Meier curves for survival showing that moderate-to-se-
vere aortic regurgitation (3+ and 4+) assessed with echocardiography had
the strongest association with mortality.
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data suggested an early improvement of global cardiovascu-
lar energy efficiency. Moreover, at multivariate analysis, we
found that higher values of pre-TAVI aortic peak pressure
and post-TAVI LV peak systolic pressure were weakly associ-
ated with reduced mortality.

Several previous studies demonstrated that the
acute relief of the increased afterload by TAVI leads to imme-
diate improvement of cardiac function assessed with echo-
cardiography, followed by reverse heart remodelling with
regression of LV volume and mass as well as improvement
of LV systolic and diastolic function.11,37–39 In line with previ-
ous findings, we found major LV remodelling in the early
post-TAVI echo, with significant reduction in LV diameters
and volumes together with significant improvement in LV sys-
tolic function, expressed as an increase in post-procedural
LVEF. In particular, patients with worse pre-TAVI systolic func-
tion are those who benefit the most in terms of LVEF recov-
ery. We observed an immediate reduction of PASP after
TAVI, together with a slight reduction of tricuspid annular
plane systolic excursion, whose values however stayed within
normal range. Interestingly, Généreux staging classification, a
well-recognized tool to objectively characterize the extent of
cardiac damage associated with AS, significantly changed af-
ter TAVI, reflecting the early cardiac remodelling and pulmo-
nary pressure reduction soon after the procedure. When
investigating the prognostic significance of LHC and echocar-
diographic data before and after TAVI, we found that the only
significant independent predictor of mortality was significant
AR assessed at pre-discharge echocardiography. This finding
is in line with previous studies.21,22,40 Indeed, in a multicentre
registry by Zahn et al.40 on 1444 patients treated with TAVI,
one of the strongest predictors identified as modifiable was
residual AR ≥ II°. However, other variables independently as-
sociated with mortality were identified, among which atrial fi-
brillation and prior decompensation. The differences found
with Zahn et al. could rely on the different size of the study
population; the larger sample size likely allowed them to
identify more than one independent predictor of prognosis.
However, we confirmed the prognostic role of post-TAVI AR,
and in light of these considerations, patients with
moderate-to-severe AR (3+ and 4+) pre-discharge must be
considered high-risk group, who would probably benefit of
a closer follow-up and personalized therapeutic
management.

Limitations of the study

Some limitations of the study should be acknowledged: first,
its retrospective observational single-centre design with wide
follow-up range. This might have had an impact on results,
which need to be confirmed in larger studies. Second, despite
the collection of systematic haemodynamic data, some vari-
ables were not collected (such as pharmacological treatment
including hypertensive drugs and diuretics), and we cannot
exclude that they might have had an impact. Moreover, right
heart catheterization was not performed.

Conclusions

Left heart catheterization performed immediately before and
after prosthesis release offers a unique pathophysiology in-
sight in the assessment of LV adaptation to severe AS and
the acute impact of TAVI.

Our data suggest that patients with AS and preserved LVEF
use efficiently the contractile reserve in order to overcome
the increased afterload; once the key pathophysiological ele-
ment of the AS is fixed, that is, the increased valvular load, in-
dexes of intrinsic contractility, as well as those of myocardial
relaxation, decrease.

Aortic regurgitation is the only independent predictor of
mortality in patients undergoing TAVI.
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