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Background: TAVI is a percutaneous approach to aortic valve replacement in high surgical risk patients deemed
inoperable.
Aim: To evaluate the early and mid-term outcomes for an Irish TAVI cohort over a six-year period at St James's
Hospital and Blackrock Clinic, Dublin, Ireland.
Results: In total 147 patients, 56% male with an average age of 82 underwent TAVI between December 2008 and
December 2014. Thirty day, one year and two year survival was 90.5%, 83% and 71% respectively. Major vascular
complications and renal failure were the biggest predictors of mortality at 30 days (p = 0.02). We observed a
pacing rate of 13.5%, the majority in patients who hadMedtronic Corevalve implants (p b 0.05). With increasing
procedural experience there was a reduction in length of stay from 10 days to 7.5 days.
Conclusion: This review, thefirst of its kind in Ireland showed favorable rates of 30 day and one year and two year
survival post TAVI with procedural success and complication rates similar to international registry data.
© 2017 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Aortic Stenosis (AS) is the most common valvular heart disease in
the developed world [1]. It affects 2% of people over the age of 65, 3%
over 75 and 4% over 85 years of age, and with an ageing population
the incidence is projected to increase [2]. Once symptomatic AS has an
extremely poor prognosis and left untreated carries a 2-year mortality
rate of 50% [3]. Replacement of the valve is the only treatment option
that improves symptoms and survival.

Transcatheter Aortic Valve implantation (TAVI) has over the last de-
cade become the standard of care for high surgical risk or inoperable pa-
tients with severe aortic stenosis [4]. It facilitates percutaneous
implantation of a new aortic valve with themajority of procedures per-
formed via the transfemoral route under local anaesthetic with
transapical, transaortic and the subclavian artery access as an alterna-
tive, dependent on patient vascular anatomy. The first valve was im-
planted in man by Cribier in 2002 [5] and currently two main devices
are implanted in Ireland; the balloon-expandable Edwards SAPIEN
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prosthesis (Edwards Lifesciences, Irvine, California) and the self-
expandable CoreValve prosthesis (Medtronic,Minneapolis, Minnesota).

The Irish TAVI program commenced in 2008 and there exists a pau-
city of data on clinical and procedural outcomes post implantation. We
sought to address this dearth of information by analyzing the short and
mid-term survival post implantation and factors that influence them.

2. Aim

To define the characteristics of a real-world patient population treat-
ed with TAVI and to evaluate their clinical outcome over the short and
mid-term.

3. Methods

Weanalyzed consecutive patients presenting for TAVI at two tertiary
referral centers in Dublin, St James's Hospital and Blackrock Clinic. TAVI
was first performed in these centers in 2008 and by December 2014,
147 patients had undergone the procedure.

Patient eligibility for the procedure was decided in each center by a
multidisciplinary team composed of interventional cardiologists, imag-
ing cardiologists and cardiothoracic surgeons. A transfemoral approach
was the default strategy for all patients. The preprocedural demograph-
ic, clinical, laboratory, and technical (electrocardiographic and echocar-
diographic) data were collected. Transthoracic echocardiography was
performed before the procedure, within 7 days after device
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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implantation and at follow up clinical visits, with all patients having one
or more transthoracic echocardiograms by six months and one-year
post procedure.

Separate clinical end points were collected during or immediately
after TAVI: death, myocardial infarction, cerebrovascular complications,
major vascular and bleeding complications, and acute kidney injury
(AKI). The following valve associated end points were recorded: new
left bundle branch block (LBBB), new atrioventricular block and new
permanent pacemaker implantation.

All cerebrovascular events were evaluated by neurologists who
reassessed such patients daily. The serum creatinine and hemoglobin
(HB) levels were recorded on day one after the procedure and
followed whilst an inpatient. A major bleed was considered as a drop
in HB N 2 g/dl. Twelve-lead electrocardiographic recordings were ob-
tained before treatment and 1 day after treatment, after which the elec-
trocardiograms were examined for the occurrence of new left bundle
branch block or new atrioventricular block.

Primary care physicians and referringmedical teamswere contacted
post discharge to determine mortality and pacemaker implantation
rates after discharge.

3.1. Statistical analysis

Numerical data are presented as means and standard deviations
with comparisons performed by using the Student t-test. Categorical
data are presented as percentages and comparisons were made by
using the χ2 test or the Fisher exact test. Mortality data has been pre-
sented using Kaplan Meier survival curves. Univariate analysis of each
of the possible predictors of outcome was performed and those that
were statistically significant (p b 0.05) presented here. All statistical
analysis was undertaken using Graphpad Prism version 6.0.

4. Results

Between December 2008 and December 2014we reviewed the out-
comes of 147 patients who underwent TAVI. Table 1 shows the baseline
demographics for the entire cohort. The average age for was 82 ±
5 years, with 56% male patients. As shown in Table 1 we analyzed our
data in three cohorts by year of implant. There were no significant dif-
ferences by age, sex, and New York Heart Association (NYHA) or Cana-
dian Cardiovascular Society (CCS) class across all cohorts. The ejection
fraction was considered as being low normal across the three cohorts
but did not differ significantly.

Themajority of patients were in sinus rhythmprior to valve implant
with 12% having a prior pacemaker implant and 17% in atrial fibrillation
at the time of procedure. The average EURO II score was 9.1 and did not
differ significantly between the various cohorts.
Table 1
Baseline patient demographics.

Variable Entire cohort 2008–2009 2010–2011 2012–2014 p value

Age (years) 82 ± 5 83 ± 4 82 ± 4 81 ± 5 0.6
Male 83 (56%) 25 (64%) 19 (47%) 39 (61%) 0.05
NYHA 3.3 ± 0.6 3.4 ± 0.2 3.2 ± 0.5 3.3 ± 0.7 0.8
CCS 0.4 ± 0.8 0.4 ± 0.7 0.4 ± 0.7 0.4 ± 1.0 0.7
GRF ml/min 58 ± 22 54 ± 19 66 ± 22 57 ± 25 0.07
GFR b 30 ml/min 29 (20%) 7 (19%) 5 (14%) 17 (25%) 0.2
Pacemaker 17 (12%) 7 (18%) 3 (8%) 7 (11%) 0.2
Atrial fibrillation 25 (17%) 6 (15%) 3 (8%) 16 (25%) 0.3
Ejection fraction 50 ± 9 51 ± 10 49 ± 9 50 ± 8 0.6
AVA 0.8 ± 0.7 0.7 ± 0.2 0.7 ± 0.2 0.9 ± 0.9 0.2
AR grade 1.1 ± 0.9 0.9 ± 0.6 0.8 ± 0.6 1.3 ± 1.1 0.02
MR grade 1.1 ± 0.8 1.3 ± 0.5 1.0 ± 0.3 1.4 ± 0.7 0.5
EURO II score 9.1 ± 5 9.1 ± 6.3 9.4 ± 3.2 8.2 ± 3.7 0.4

Data is expressed as mean ± standard deviation or number of patients (%).
AVA is aortic valve area-cm2; AR is Aortic Regurgitation; MR is Mitral Regurgitation; EF is
ejection fraction measured by Simpsons.
Femoral access was used in 92% of cases with conscious sedation as
the default for non-surgical femoral access. 59% of implants were
CoreValve implants with a predominance of Corevalve usage in the
first four years of the program (p b 0.05). There was no valve in valve
implants. Whilst the average length of stay was 9.7 days for the entire
patient cohort by 2012–2014 the length of stay had reduced to an aver-
age of 7.5 days.

At 30 days, 14 (9.5%) of patients had died, with 12 (86%) attributable
to cardiac death. At one and two years respectively, mortality rateswere
17% and 29%.Whilst at one year 19/25(76%) deaths were attributable to
primary cardiac etiologies we noted attrition in the rate of cardiac death
by two years with 57% of deaths primarily cardiac. Fig. 1 shows the
KaplanMeier survival curve for the entire cohort with a three-year sur-
vival rate of 55%. When survival was compared between cohorts at
30 days, one year and two years there were no statistically significant
differences.

Univariate predictors of mortality at 30 days and one year were a
GFR b 30 mls/min and major vascular complications (p = 0.02). Left
ventricular dysfunction, diabetes mellitus, prior cardiac surgery and
atrial fibrillation were not related to 30 day and one year outcomes in
our population. EURO II score, which estimates the 30-day mortality
after cardiac surgery, was not a predictor of poorer outcomes in our
cohort.

When we analyzed our data for 30 day and one-year mortality by
valve type, there was no significant divergence inmortality rates. As de-
tailed in Tables 2 and 3 the pacing rate at one year was 13.5% with sig-
nificant differences in pacing rates for Corevalve and Edwards
implants with 18/20 (90%) pacemakers implanted in patients who
had a Corevalve implanted (p b 0.05). New LBBB occurred in 12 patients
who had a Corevalve implant versus 4 whom had an Edwards implant.

Major vascular complications occurred in 12% of patients and did not
differ by valve type. We observed 7 strokes in our cohort, which all
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Fig. 1. Kaplan Meier survival curve (time in days).

Table 2
Procedural characteristics.

Entire
cohort

2008–2009 2010–2011 2012–2014 p value

Valve type
Edwards 60 (41%) 14 (36%) 10 (26%) 36 (53%) 0.01
Corevalve 87 (59%) 25 (64%) 29 (74%) 33 (48%) 0.002

Access
Femoral 135 (92%) 34 (87%) 36 (90%) 65 (95%)
Other 12 (8%) 5 (13%) 4 (10%) 3 (5%) 0.01

Length of stay (days) 9.7 ± 19 10 ± 35 9.7 ± 12 7.5 ± 8.4 0.24

Data is expressed as mean ± standard deviation or number of patients (%).



Table 3
Outcomes.

Variable Entire
cohort

2008–2009 2010–2011 2012–2014

30 day survival 133
(90.5%)

36 (92%) 37 (94%) 60 (94%) 0.2

1 yr survival 122 (83%) 33 (85%) 36 (90%) 53 (82%) 0.3
2 yr survival 104 (71%) 27 (69%) 29 (73%) 48 (75%) 0.2
Stroke 7 (4.7%) 3 (8%) 2 (5%) 2 (3%) 0.4
Vascular complications 18 (12%) 7 (17%) 6 (15%) 5 (8%) 0.15
Pacemaker 20

(13.6%)
6 (15%) 7 (18%) 7 (11%) 0.5

Ejection fraction 50 ± 8 50 ± 8 51 ± 9 49 ± 8 0.4
AR 0.9 ± 0.7 1.1 ± 0.7 1.2 ± 0.8 0.8 ± 0.6 0.2
MR 1.0 ± 0.8 1.2 ± 0.8 1.1 ± 0.6 0.9 ± 0.6 0.6
Improvement in
creatinine

9.2% 8% 9% 10% 0.2

Data is expressed as mean ± standard deviation or number of patients (%).
AR is Aortic Regurgitation; MR is Mitral Regurgitation; EF measured by Simpsons.
Average creatinine improvement by discharge.
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occurred intraprocedurally or within the first day post implant; 6 of
these were non-disabling events and did not significantly prolong dis-
charge. However, six of the seven strokes were in patients who had a
Corevalve implant. We observed an improvement in Aortic Regurgita-
tion (AR) grade from 1.1 to 0.9 with 6 patients (4%) having grade 3 or
4 AR post procedure. This did not influence mortality. Similarly we ob-
served an improvement in both Mitral Regurgitation (MR) and ejection
fraction (EF) post valve implantation.

Finally we addressed the issue of a learning curve by analyzing the
rate of major vascular complications, 30 day and one-year mortality
with increasing procedural experience. Whilst there was an observed
decrease in major vascular complications between the three cohorts it
was not of statistical significance (p=0.15)with no differences inmor-
tality between groups. Additionally there have been no significant
differences in pacing rates or minor vascular complications with in-
creasing experience to date.

5. Discussion

This review represents the first in the Republic of Ireland of an unse-
lected TAVI cohort. We present here six-year data on the observed
trends in patient selection, procedural and post procedural complica-
tions and report on the short and mid-term mortality. The average age
of our cohort was 82 with 56% male patients. The average age for the
three groupings decreased slightly with time but is comparable to UK
TAVI registry data, which reported an average age of 81 and 47% male
patients [6].

We achieved mortality tracking for all of our patients over the six-
year period and demonstrated a 30-day mortality of 9.5%. This rate
was similar to the UK TAVI data of 7.1% and also was similar to rates re-
ported in the Canadian TAVI registry of 10.4% [6,7]. We compared favor-
ably with a one-year and two-year survival of 83% and 71% respectively
versus 82% and 73% in theUK TAVI registry [6].Whilstwe demonstrated
a marginal improvement in 30-daymortality with increasing procedur-
al experience this did not translate to improved survival at either one or
two years. Themajority of early deathswere cardiac in nature related to
acute arrhythmic events or cardiac failure. Beyond the initial 30 dayswe
noted a decrease in deaths related to cardiac etiologies with mortality
driven by cancer and sepsis similar to that described in the Dutch
TAVI registry [8].

The average EURO II score of 9 for the entire cohort represented a
high-risk patient grouping, which had been turned down for conven-
tional surgical valve replacement.We did notfind a correlation between
the EURO II score and 30-day mortality post implantation. This is not
dissimilar to other published series, which found the EURO score was
predictive only in the highest quartile [6]. Lung et al. in analyzing their
data found the biggest predictors of early death to be age, severity of
symptoms and other comorbidities [9]. In our series we noted a GFR
b 30 mls/min as the strongest predictor of 30 day and one year
mortality.

We observed a pacing rate of 13.5% that did not differ by
preprocedural rhythm or access site but was significantly different by
valve type with Corevalve implants having a significantly higher pacing
rate post procedure. Themechanisms of which arewell described in the
published literature [10]. Our stroke rate of 4.7% was similar to the ob-
served rate of 6.1% in the PARTNER trial but higher than the 2.1% in
the recent UK TAVI registry [6]. We believe this reflects our default ap-
proach of transfemoral TAVI that is associated with a higher stroke
rate when compared to transapical access [11].

Observed major vascular complications occurred in 12% of patients
and were a driver of 30-day mortality. There was a reduction in the
rate of major vascular complications with increasing procedural experi-
ence and smaller sheath sizes with the newer valve designs. The associ-
ation between postprocedural AR and outcomes has been widely
reported but given that only 6 patients had moderate to severe AR we
were unable to show a mortality difference. There was also no signifi-
cant difference in the rates of AR by valve type.

In conclusion we have shown that TAVI in Ireland has blossomed
from its inception and is outcomes are comparable to other internation-
al registries.With increasing procedural experience there has been a re-
duction in length of stay and comparable 30-day, one year and two year
mortality. Short-term outcome continues to be difficult to predict. The
inception of a national database will help us better understand our pop-
ulation and consolidate our data going forward.
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