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Aims Transcatheter aortic valve implantation (TAVI) is a therapeutic treatment for patients with severe aortic stenosis (AS) at
high surgical risk. Although the procedure is associated with a reduction in total mortality, there are no data regarding
changing in the incidence of premature ventricular contractions (PVCs) and ventricular arrhythmias (VAs) after TAVI.
The aim of this study was to assess the incidence of VAs before and after TAVI.

Methods
and results

We enrolled 237 patients who underwent TAVI at our centre. Ninety-one patients were excluded for the following
reasons: presence of prior permanent pacemaker (PPM) (n ¼ 20), new PPM implant after TAVI (n ¼ 48), death during
the follow-up period (n ¼ 16), and lost at follow-up (n ¼ 7). Finally, 146 patients were included in our analysis. The pres-
ence of VAs was evaluated in all patients recording a 24 h Holter monitoring before the procedure and after 1 and 12
months. Ventricular arrhythmias were classified according to a modified Lown grading system. Before the procedure,
isolates PVCs (grade 1–2 of Lown grading system) were present in 34.9% of patients (n ¼ 51). Complex PVCs (grade
3–4a–4b of Lown grading system) were present in 48.6% of the population (multifocal PVCs in 32 patients, 21.9%;
pairs in 25 patients, 17.1%; ventricular tachycardia in 14 patients, 9.6%). One month after the procedure, we observed
statistically significant incidence decrease of arrhythmias of grade 3 (from 21.9 to 17.1%) and grade 4 (pairs from 17.1
to 12.3%; ventricular tachycardia from 9.6 to 4.8%). After 12 months, there was a further significant reduction in the fre-
quency and severity of PVCs. In particular, 45.8% of patients had isolates PVCs (,30 in all given hours of monitoring in 45
patients, 30.8%; higher than 30 in any hour of monitoring in 22 patients, 15%) while the frequency of complex arrhythmias
was reduced to 16.4% (multifocal PVCs in 13 patients, 9%; couplets 8 patients, 5.5% and ventricular tachycardia in 3
patients, 2.0%). The difference was statistically significant (P , 0.01).

Conclusion This study indicates that VAs are common in patients with AS. We observed a significant decrease in the incidence and
severity of PVCs since the first month after TAVI. Furthermore, after 1 year follow-up there was a further and significant
reduction in the frequency of complex PVCs. This may be related to the benefits determined by valve replacement on left
ventricular function.
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Introduction
Several studies showed that malignant ventricular arrhythmias (VAs),
documented by Holter monitoring, are frequent in patients with
aortic stenosis (AS).1 – 3 Furthermore, sudden death is observed

among symptomatic patients, not suitable for surgery, with an inci-
dence ranging from 8 to 34%.4 Ventricular arrhythmia has been sug-
gested to play an important role in these fatal outcomes.
Transcatheter aortic valve implantation (TAVI) is a relatively new,
less invasive treatment for severe, symptomatic AS and is advocated
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as an alternative to conventional surgical aortic valve replacement
(SAVR) in patients who are not suitable for surgery due to the per-
ceived high risk of operative mortality.5 –8 Although TAVI improves
clinical and hemodynamic conditions, in the majority of these
patients, sudden cardiac death remains an adverse outcome with
an incidence of 17% in the peri-operative period.9 To our knowledge,
there are no reports in the literature investigating the variability of
VAs after TAVI and their potential role in this adverse event. The
aim of our study was to assess the severity and the frequency of
VAs before and after TAVI.

Methods

Patients population
FromJune2007 to November2012, 237consecutivepatients underwent
TAVI and completed 1 year follow-up at Ferrarotto Hospital (Catania,
Italy). All patients underwent implantation of the third-generation percu-
taneous self-expanding CoreValvew prosthesis (CoreValve, Inc.) or the
Edwards SAPIEN XT

TM

prosthesis (ES, Edwards Lifescience LLC).
Exclusion criteria for this retrospective analysis were presence of a

preoperative permanent pacemaker (PPM) or PPM implantation during
the follow-up, death during the procedure, death within the first year
after the procedure, unavailability of baseline or 12 months follow-up
data.

The study wasconductedaccording to theDeclarationofHelsinki. The
local hospital ethics committee approved the protocol and a written
informed consent wasobtained fromall patients or their closest relatives.

Study endpoint
The aim of this study was to analyse the incidence and severity of VAs
before TAVI and after 1 and 12 months of follow-up and the factors influ-
encing the postoperative variability of these arrhythmias during the
follow-up period.

Procedure and post-procedural management
The technique of TAVI has been described extensivelyelsewhere.10 –12 In
brief, a retrograde transfemoral technique was utilized. In all patients, a
temporary pacemaker was placed in the right ventricle by femoral trans-
venous access. Burst rapid pacing at 180–220 beats/min was used to
reduce cardiac motion and transvalvular flow during balloon dilatation.
After balloon valvuloplasty, the release system was positioned across
the native valve and with the aid of repeated contrast injections and
under fluoroscopy guidance, deployed in a stepwise manner. Once the
final release was obtained, final aortography was performed in order to
assess the implant effectiveness.

The presence of VAs was evaluated in all patients recording a 24 h
Holter monitoring before the procedure during hospital stay and after

1 and 12 months as outpatient. Ventricular arrhythmias were classified
according to a modified version of the Lown grading system.13 Ventricu-
lar arrhythmias were classified as follow: absence of premature ventricu-
lar contractions (PVCs), grade 0; occasional and isolated PVCs, ,30 in all
given hours of monitoring, grade 1; isolated and frequent PVCs, .30 in
any hour of monitoring, grade 2; multifocal PVCs, grade 3; presence of
couplets, grade 4a; ventricular tachycardia (VT) defined as three or
more PVCs in succession with a frequency of over 100/min, grade 4b.

Severe arrhythmias were defined as grade Lown more than second.

Statistical analysis
This was an observational, retrospective, single-centre study. Continu-
ous variables are reported as mean+ standard deviation and compared
using independent sample Student’s t-test. Categorical variables are
reported as frequencies and compared using x2 test. A Friedman’s test
was used for non-parametric data when more than two related groups
differ and a Cochran’s Q for the analyses between non-parametric data
in two related groups. A Cox multivariate analysis was performed includ-
ing all the variables that were significant (P , 0.20) in the univariate ana-
lysis and those deemed clinically important. A P value of , 0.05 was
considered statistically significant. All statistical tests were performed
using SPSS for Windows 13.0 (SPSS).

Results

Clinical data
According to the criteria mentioned above, we excluded from the
analysis a total of 91 patients on the basis of one or more of the fol-
lowing: presence of a preoperative PPM (n ¼ 20) or PPM implanted
during the follow-up period (n ¼ 48); death during the procedure
(n ¼ 6); death within the first year after the procedure (n ¼ 10); un-
availability of baseline or 12 months follow-up data (n ¼ 7). A total of
146 consecutive patients were finally analysed. Baseline clinical char-
acteristics of these patients are summarized in Table 1. Overall, mean
age was 80.53+5.5 years and 92 patients (62.6%) were women.
Before the procedure 125 (85%) patients were in sinus rhythm and
21 patients (15%) were in atrial fibrillation. A total of 58 patients
(39.5%) were on beta-blockers and 15% of them were on antiar-
rhythmic drugs at baseline.

In our series, the average ejection fraction was 51.78+11% (range
20–68), although among all treated patients there were also patients
with left ventricular systolic dysfunction.

The high rate of patients with prior balloon aortic valvulopasty
(52.4%) reflects our institutional practice in the early period of the
TAVI programme.14

Incidence and severity of ventricular
arrhythmias
Patients were reclassified, according to a modified version of Lown
grading system, based on the arrhythmic data recorded during a
24 h Holter monitoring performed before TAVI. Twenty-four
patients had no PVCs (grade 0); 48 patients had occasionally PVCs
(grade 1); only 3 patients had .30 PVCs per hour (grade 2). Multi-
form PVCs occurred in 32 patients (grade 3); couplets of PVCs in
25 patients (grade 4a); and VT in 14 patients (grade 4b) (Table 2).
All the episodes of VT were non-sustained. Patients with severe
arrhythmias at baseline were 71 (48.6%).

What’s new?
† Currently we are not aware of other studies that have dealt

with the variability of ventricular arrhythmias after transcath-
eter aortic valve implantation (TAVI).

† Our study shows that patients undergoing TAVI have an im-
provement of arrhythmic burden.

† It might be interesting evaluate the prognostic value of ar-
rhythmic class in TAVI patients.

Ventricular arrhythmias in aortic valve stenosis 1137
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article-abstract/17/7/1136/2398596 by U
N

IVER
SITA D

I C
ATAN

IA user on 18 M
arch 2020



Variability of ventricular arrhythmias after
transcatheter aortic valve implantation
There were no significant differences in antiarrhythmic drugs before
and after the procedure (P ¼ NS). The distribution of patients
throughout the study period according to the modified Lown
grade classification is shown in Table 2. Overall, the serial comparison
at baseline, 1 and 12 months showed an increase of patients in grade 0
and a reduction of patients in grade 3, 4a, and 4b. These modifications
were highly statistically significant among all groups (P , 0.01), and
within all single groups except for grade 1. In particular, patients in
grade 0 increased from 24 (16.4%) at the baseline to 35 (24%) after
1 month and to 55 (38%) after 12 months (P , 0.01). Patients in
grade 1 were 48 at baseline (32.9%) and after 1 month and decreased
to 45 (30.9%) after 12 months (P ¼ NS). Patients in grade 2 increased
from3 (2.1%) at the baseline to 13 (9%) after1 month and to 22 (15%)
after 12 months (P , 0.05). Those in grade 3 decreased from
32 (21.9%) to 25 (17.1%) at first month and to 13 (9%) at 1 year
(P , 0.05). Patients in grade 4a, 25 (17.1%) at the baseline, became
18 (12.3%) after 1 month and then 8 (5.5%) after 12 months
(P , 0.05). Finally those in class 4b were 14 (9.6%) before TAVI,
became7(4.8%)after1monthand3(2.1%)after12months (P , 0.01).

Patients with severe arrhythmias decreased from 71 (48.6%) at
baseline to 50 (34.2%) at first month and to 24 (16.4%) at the
1 year follow-up (P , 0.01).

Our echocardiographic data show an ejection fraction improve-
ment from 51.78+11% at baseline to 53.2+8% after 12 months
(P ¼ NS).

Influence of baseline data on the variability
of ventricular arrhythmias
In order to identify baseline variables that could be predictor of ar-
rhythmic improvement afterTAVI, patients weredivided into two dif-
ferent groups: patients who showed a reduction of at least one Lown
grade after 12 months were defined as group 1; patients who showed
deterioration or did not show changes in Lown grade weredefined as
group 2. The univariate analysis was performed between preopera-
tiveparametersof groups 1 and 2 (Table 3). Group 1 enrolled patients
with a lower end-systolic diameter, in grade Lown .2 and in sinus
rhythm at baseline. The left bundle branch block after TAVI did not
seem relevant on this analysis. A Cox multivariate analysis was per-
formed including all the variables, which were significant at P ,

0.20 in the univariate analysis. At multivariate Coxregression analysis,
Lown class .2 resulted the only independent predictor of reduction
in frequencies and severity of VAs after 12 months (Table 4).

Discussion
Ourstudyevaluated thearrhythmicprofilebeforeandafterprocedure
of patients who underwent TAVI, and showed a significant decrease in
incidence of severe arrhythmias during long-term follow-up. More-
over, a significant decrease of arrhythmic events was observed in
patients with a high baseline profile risk (Lown class .2). There are
no data in the literature regarding arrhythmic class variation of patients
underwent TAVI.

It is well known the relationship between VAs and AS, corroborat-
ing the hypothesis that there is a strong correlation between fre-
quency and complexity of VAs and the risk of sudden death in
these patients.

Sorgato et al. suggested that the frequencyandcomplexityof VAs is
major in patients with higher systolic ventricular overload and

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline clinical characteristics

Overall
(n 5 146)

Age (years), mean+ SD 80.53+5.5

Female, n (%) 92 (62.6%)

Hypertension, n (%) 125 (85.0%)

Smoke, n (%) 46 (31.3%)

Diabetes, n (%) 39 (26.5%)

Dyslipidemia, n (%) 77 (52.4%)

Prior miocardial infarction, n (%) 38 (25.9%)

Coronary artery disease, n (%) 25 (31.7%)

Prior percutaneous coronary interventions, n (%) 46 (31.3%)

Prior cardiac surgery, n (%) 20 (13.6%)

Prior aortic valvuloplasty, n (%) 77 (52.4%)

Left ventricular ejection fraction, mean+ SD 51.78+11

Mean pressure gradient, mean+ SD 54.9+13

Aortic valve area (cm2), mean+ SD 0.56+0.2

Annulus, mean+ SD 20.9+2.5

CoreValve prosthesis, n (%) 126 (86.4%)

Edwards prosthesis, n (%) 20 (13.6%)

Sinus rhythm, n (%) 125 (85%)

Atrial fibrillation, n (%) 21 (15%)

Beta-blockers, n (%) 58 (39.5%)

ACE inhibitors, n (%) 88 (59.9%)

Amiodarone, n (%) 14 (9.5%)

Flecainide, n (%) 2 (1.4%)

Propafenone, n (%) 1 (0.7%)

Sotalol, n (%) 1 (0.7%)

Digoxin, n (%) 4 (2.7%)

ACE, angiotensin-converting-enzyme.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Influence of aortic valve replacement on the
frequency of ventricular arrhythmias (24 h Holter
monitoring)

Baseline 1 month 12 months P value

Grade 0, n (%) 24 (16.4%) 35 (24%) 55 (38%) ,0.01

Grade 1, n (%) 48 (32.9%) 48 (32.9%) 45 (30.9%) NS

Grade 2, n (%) 3 (2.1%) 13 (9%) 22 (15%) ,0.05

Grade 3, n (%) 32 (21.9%) 25 (17.1%) 13 (9%) ,0.05

Grade 4a, n (%) 25 (17.1%) 18 (12.3%) 8 (5.5%) ,0.05

Grade 4b, n (%) 14 (9.6%) 7 (4.8%) 3 (2.1%) ,0.01

Grade 0, no premature ventricular contractions (PVCs); grade 1, isolated and
occasional PVCs, less than 30/h; grade2, isolatedand frequentPVCs,more than 30/h;
grade 3, multiform PVCs; grade 4a, presence of couplets; grade 4b, ventricular
tachycardia, defined as three or more PVCs in succession with a frequency of over
100 beat/min; NS, not significant.
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reduced systolic function; the riskof VAs is also correlated to left ven-
tricular hypertrophy.3 Framingham Heart Study showed that hyper-
tensive patients with left ventricular hypertrophy have an increased
risk of premature cardiovascular and sudden death.15

Previous studiescarriedout inpatientsunderwentSAVR, investigate
the variation of arrhythmia before and after SAVR and showed a rela-
tionship between complex VAs and left ventricular performance.2,16

TheresultsofMicheletal.2, in surgicalpopulation, showedadecrease
of PVCs in long follow-up period. This might be explained with the
remodelling process involving the contractile and non-contractile
elements of the left ventricle. In particular, Villari et al.17 observed a
reduction of 43% in left ventricular mass during the first two years
after surgical valve replacement; this early remodelling of the left
ventricle was mainly due to a decrease in muscle fibres diameters.

Moreover, in this group of patients was recorded an increase of
PVCs early after surgery but these data are not correlate with pre-
operative or operative data.17 A recent study of Eckart et al.18

showed a possible mechanism behind the development of sustained
VAs after corrective valve surgery. The appearance of VT after valve
replacement was observed in a small group of patients, and an elec-
trophysiological study was performed. The VT has been attributed
to a scar reentry, to bundle branch reentry or to an outbreak of
origin. The scars are often, but not always, located in proximity to
valve annulus. Patients with scar reentry were treated with ablation
with good success rate.

To our knowledge there are only two reports dealt with VAs in
patients underwent TAVI.

Beinart et al.19 published a case of VT in a 90-year-old patient
who underwent Edwards prosthesis implantation using the

transapical approach. Several days after discharge the patient experi-
enced occasional palpitations; 24 h Holter monitoring showed fre-
quent episodes of wide complex tachycardia. The 12 lead
electrocardiogram (ECG) showed a VT with left bundle branch
block morphology and inferior axis. The suspect VT origin was the
aorto-mitral continuity area. The trigger of this arrhythmia, for the
authors, could be a local tissue injury and oedema near the site of
valve implantation. Given that the suspected mechanism was likely
transient, patient was treated conservatively with beta-blockers,
with resolution of symptoms and no more evidence of arrhythmia.

A second case, published by Dvir et al.20, describes the onset of
a sustained VT in a 90-year-old patient, eight days after the
TAVI procedure. The patient with severe AS, chronic renal failure,
and permanent atrial fibrillation underwent implantation of Core-
Valve prosthesis through transfemoral approach. Eight days after
valve implantation, the patient complained palpitations and subse-
quently lost consciousness. The ECG revealed a monomorphic VT
suggesting the origin from the left ventricular outflow tract. The

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Patients with class variation after 12 months

Group 1 (n 5 79, 54.1%) Group 2 (n 5 67, 45.9%) P value

Age (years), mean+ SD 80.66+5.2 80.33+5.9 0.7

Female, n (%) 51 (64.6) 41 (61.2) 0.7

Smoke, n (%) 29 (36.7) 16 (23.9) 0.1

Diabetes, n (%) 19 (24.0) 20 (30.0) 0.5

Prior myocardial infarction, n (%) 22 (27.8) 15 (22.4) 0.6

Coronary artery disease, n (%)a 16 (22.8) 8 (12.0) 0.2

Prior percutaneous coronary interventions, n (%) 25 (31.6) 20 (29.9) 0.9

Prior cardiac surgery, n (%) 9 (11.4) 10 (14.9) 0.6

Prior aortic valvuloplasty, n (%) 40 (50.6) 37 (55.2) 0.6

Lown pre .2 48 (60.8) 21 (31.3) 0.01

Left ventricular ejection fraction (%) 51.32+11.4 52.21+10.6 0.6

Mean pressure gradient, mean+ SD 59.3+18.7 58.3+15.9 0.72

LVESD, mean+ SD 29.49+6.1 32.09+7.6 0.03

LVEDD, mean+ SD 46.09+5.7 46.69+5.9 0.5

Core valve prosthesis, n (%) 69 (87.3) 57 (85.1) 0.8

Edwards prosthesis, n (%) 10 (12.7) 10 (15.0) 0.8

Sinus rhythm, n (%) 71 (89.9) 53 (79.1) 0.1

Atrial fibrillation, n (%) 8 (10.1) 14 (20.9) 0.1

Post TAVI left bundle branch block, n (%) 31 (39.2) 34 (50.7) 0.2

LVESD, left ventricular end systolic diameter; LVEDD, left ventricular end diastolic diameter.
aStenosis .50% major vessels.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Cox multivariate analysis

Hazard ratio CI lower CI upper P value

Lown pre .2 3.86 1.88 7.93 0.01

LVESD 0.96 0.91 1.02 0.10

Sinus rhythm 2.51 0.83 7.59 0.17

CI, confidence interval; LVESD, left ventricular end systolic diameter.
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adverse event was not associated with ischaemia or electrolyte
disturbances and it was not drug related. The probable cause was
the irritation of the myocardium caused by the prosthetic valve.

Our study highlights, from the early stages after TAVI, a significant
reduction in severity and frequency of ventricular ectopic activity.
After 12 months of follow-up, there is evident reduction of severe
VAs (Lown class 3, 4a, 4b) compared with baseline. This result can
be explained considering the ventricular remodelling after TAVI.

Another point is the timing of Lown class variation; after TAVI the
arrhythmic benefit is more precocious than surgery, where the
benefit has been shown only in the long-term follow-up. Probably
this early benefit is secondary to a less invasive procedure: TAVI is
associated with a lower perioperative catecholaminergic stress and
a lower risk of de novo scars creation, themselves possible arrhythmic
substrate.

Moreover, the arrhythmic improvement does not seem related to
post-procedure therapeutic changes and is not compromised by new
onset of bundle branch blocks.

In our study, after 12 months, a higher arrhythmic benefit was seen
in patients in sinus rhythm and with lower left ventricular diameter.
These results could be an indirect expression of a less advanced
stage of cardiomyopathy.

In addition, Lown class .2 resulted the only independent predict-
or of reduction in frequencies and severity of VAs after 12 months.
The arrhythmic class, at baseline, does not seem to affect the clinical
improvements post-procedure.

Study limitations
This study has some limitations: it is a retrospective study conducted
in a highly selected population. In order to complete follow-up of
12 months, we excluded patients died during this period, patients
with PPM before and after the procedure and patients who failed
to complete the follow-up maybe due to often re-hospitalizations.

The acute effect of after-load relief after TAVI would have been
better evaluated by performing Holter monitoring in the close post-
intervention period (i.e. 48 h to 1 week), which was not investigated
for practical reasons in a proportion of patients and is therefore un-
available for the present analysis.

Moreover, the short duration of 24 h Holter monitoring can be in-
adequate to detect changes in the arrhythmic burden. Newer Holter
monitors are nowavailablewith up to2 weeksof recording capability,
but these new devices are currently not available at our institute.

Another limitation regards the use of the Lown classification,
which has not robustly correlated with adverse prognostic outcomes
in patients with or without VAs. Moreover, information on the total
VA burden is missing. However, the Lown classification was selected
for thepurposeof this studyas a standardized tool to allowforaneasy
and broadly accepted descriptive and quantitative analysis of VAs
following the TAVI procedure.

Currently, we are not aware of other studies that have dealt
with the variability of VAs after TAVI and this underlines the need
for multicenter and randomized studies with surgical population.

Conclusions
Our study shows that patients undergoing TAVI have an improve-
ment of the arrhythmic burden, and this could lead to an

improvement of symptoms too. The improvement can be noticed
from the first follow-up after the procedure. Summarizing, greater
is the arrhythmic class before TAVI greater seems to be the benefit
derived. It might be interesting evaluate the prognostic value of
arrhythmic class in TAVI patients.

Conflict of interest: none declared.
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