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Abstract
Introduction Despite considerable advances in the
last decade, major adverse events remain a con-
cern after transcatheter aortic valve implantation
(TAVI). The aim of this study was to provide a detailed
overview of their underlying causes and contributing
factors in order to identify key domains for quality
improvement.
Methods This observational, prospective registry in-
cluded all patients undergoing TAVI between 31 De-
cember 2015 and 1 January 2020at the St. Antonius
Hospital in Nieuwegein and the University Medical
Centre in Utrecht. Outcomes of interest were all-
cause mortality, stroke, major bleeding, life-threat-
ening or disabling bleeding, major vascular compli-
cations, myocardial infarction, severe acute kidney
injury and conduction disturbances requiring per-
manent pacemaker implantation within 30 days af-
ter TAVI, according to the Valve Academic Research
Consortium-2 criteria.
Results Of the 1250 patients who underwent TAVI in
the evaluated period, 146 (11.7%) developed a major
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complication. In 54 (4.3%) patients a thromboembolic
event occurred, leading to stroke in 36 (2.9%), myocar-
dial infarction in 13 (1.0%) and lower limb ischaemia
in 11 (0.9%). Major bleeding occurred in 65 (5.2%)
patients, most frequently consisting of acute cardiac
tamponade (n=25; 2.0%) andmajor access-site bleed-
ing (n=21; 1.7%). Most complications occurred within
1 day of the procedure. Within 30 days a total of
54 (4.3%) patients died, the cause being directly TAVI-
related in 30 (2.4%). Of the patients who died from
causes that were not directly TAVI-related, 14 (1.1%)
had multiple hospital-acquired complications.

What’s new?

� We provide a detailed overview of the underly-
ing causes and impact of major complications
following transcatheter aortic valve implantation
(TAVI), based on a contemporary cohort of real-
world patients.

� A variety of mechanisms and causes formed
a wide spectrum of major threats affecting early
safety in 11.7% of patients undergoing TAVI.

� Most thromboembolic and bleeding complica-
tions occurred within 1 day of TAVI. More evi-
dence is needed concerning the optimal peripro-
cedural antithrombotic strategy.

� A substantial number of patients died after
a multifactorial course of predominantly hos-
pitalisation-related complications, which resem-
bled the causal chain disease model of geriatric
syndromes and may indicate that better patient
selection and postprocedural care could improve
patient benefit and lower 30-day mortality.
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Conclusion A variety of underlying mechanisms and
causes form a wide spectrum of major threats affect-
ing early safety in 11.7% of patients undergoing TAVI
in a contemporary cohort of real-world patients.

Keywords Transcatheter aortic valve replacement ·
Complications · Stroke · Haemorrhage · Mortality ·
Quality improvement

Introduction

Despite considerable advances in the last decade,
major adverse events remain a concern after tran-
scatheter aortic valve implantation (TAVI), as they sig-
nificantly limit quality of life in the affected patients
[1–3]. This is particularly the case, since improve-
ment of quality of life is considered highly important
in this fragile, elderly population, with the highest
mean age of all cardiac interventions [4, 5]. There-
fore, efforts to further reduce these events are likely
to yield important clinical benefits [3, 6, 7]. Accord-
ingly, the Netherlands Heart Registry (NHR) collects
and publishes data on all cardiac interventions in the
Netherlands. In the annual NHR report of 2019, 30-
day mortality following TAVI between 2014 and 2018
differed considerably between TAVI centres, varying
from 1.9% to 5.7%. The same applied to stroke and
vascular complications [5]. This underscores the need
for further quality improvement. However, the num-
bers reported by the NHR do not provide specific
starting points for quality improvement. Underlying
causes and contributing factors behind these num-
bers need to be identified first. Therefore, the aim of
the present study was to provide a contemporary, in-
depth overview of the underlying causes and impact
of major complications following TAVI, based on the
detailed institutional registries and additional analy-
ses of affected individual cases, in two high-volume
centres in the Netherlands.

Methods

Baseline characteristics, imaging data, procedural
characteristics and clinical outcomes were collected
in a prospective registry for all patients undergo-
ing TAVI between 31 December 2015 and 1 January
2020at the St. Antonius Hospital in Nieuwegein and
the University Medical Centre in Utrecht. Prior to the
procedure, patients underwent a detailed assessment
including echocardiography, computed tomography
and coronary angiography. Subsequently, all cases
were discussed by an interdisciplinary heart team
during which the indication for and feasibility of TAVI
was established. The electronic patient files of pa-
tients who suffered an outcome of primary interest
were studied in detail in addition to the analyses of
the registry data. This study was approved by the
medical ethics committees of both centres; the need
for informed consent was waived.

Outcomes of interest

Outcomes of primary interest were all-cause mortality,
stroke, major bleeding, life-threatening or disabling
bleeding, major vascular complications, myocardial
infarction and acute kidney injury (AKI, stage 2 and 3)
within 30 days after TAVI, according to the Valve
Academic Research Consortium (VARC)-2 criteria [8].
These were combined in an early safety composite
endpoint. Conduction disturbances requiring perma-
nent pacemaker implantation (PPI) were a secondary
outcome. Clinical disability following stroke was mea-
sured using the modified Rankin scale (mRS) at base-
line, the day of stroke diagnosis, the day of discharge
and after 90 days, by two authors independently [9].
A disabling stroke is defined as a stroke resulting in
a mRS score ≥2at 90 days and an increase of ≥1 mRS
category from baseline [8]. Haemorrhagic transfor-
mation following stroke was considered part of the
initial complication and not analysed as a bleeding
complication.

Statistical analysis

Continuous variables were described using mean±
standard deviation or median and interquartile range,
in the case of non-normal distribution. Variables
were compared using the independent-samples t-test
or the Mann-Whitney U test, as appropriate. For cat-
egorical variables, absolute numbers and percentages
were given and group comparisons were performed
with the Pearson chi-square test or Fisher’s exact test.
Independent predictors of the early safety compos-
ite endpoint were identified by first including the
parameters in a univariate regression analysis and
subsequently entering the significant predictors in
a forward stepwise multivariate logistic regression
model. A two-tailed p-value of <0.05 was considered
statistically significant. Statistical analyses were per-
formed using IBM SPSS Statistics, version 26 (IBM
Corp., Armonk, NY, USA).

Results

A total of 1250 patients underwent TAVI in the eval-
uated time period. Baseline characteristics are pre-
sented in Table S1 (Electronic Supplementary Mate-
rial). Patients who developed a major complication
(early safety composite endpoint) more frequently
had a history of peripheral artery disease (p= 0.015)
and pulmonary hypertension (p=0.035), compared
with patients not suffering a major complication.
Additionally, they were in a higher New York Heart
Association class (p= 0.006), had worse left ventricular
ejection fraction (p= 0.026) and mitral regurgitation
(p= 0.020), and a higher Edmonton Frail Scale (EFS)
score (p=0.005). Other baseline characteristics were
comparable between groups, as shown in Table S1
(Electronic Supplementary Material). In total, 192
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Fig. 1 Occurrence of pri-
mary endpoints per year
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major complications occurred in 146 (11.7%) pa-
tients. The yearly occurrence of major complications
is shown per category in Fig. 1. After multivariate
analysis, the EFS remained as the only predictor
(odds ratio 1.17 per point EFS increase (95% confi-
dence interval: 1.05–1.30), p= 0.003) for occurrence of
the early safety composite outcome.

Procedural characteristics are shown in Table S2
(Electronic Supplementary Material). In the ma-
jority of patients (88.0%), a transfemoral TAVI was
performed. In the remaining patients a transapical
(8.1%), direct aortic (2.9%) or transsubclavian (0.5%)
approach was used. Major complications more fre-
quently occurred in patients treated with a transapical
and direct aortic approach (p=0.001). Median length
of postprocedural stay was 6 (4–13) days in those
who suffered a major complication as compared to
4 (2–5) days in patients without a major complication
(p< 0.001). Overall, the median length of postproce-
dural stay gradually declined from 5 (4–7) days in 2016
to 2 (2–5) days in 2019. Of the patients who suffered
a major complication, 60 (42.0%) were discharged
home, 43 (30.1%) died, 19 (13.3%) were transferred
to the referring hospital, 17 (11.7%) to a (geriatric)
rehabilitation clinic and 4 (2.8%) to a nursing home.

Thromboembolic complications

A total of 60 thromboembolic events occurred in
54 (4.3%) patients, leading to stroke in 36 (2.9%),
myocardial infarction in 13 (1.0%) and lower limb
ischaemia in 11 (0.9%) patients. Most events (83.3%)
occurred within 1 day of TAVI. Ten patients (18.5%)
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Fig. 2 Underlying causes of 30-day mortality

who developed a thromboembolic event died within
30 days after TAVI, as depicted in detail in Fig. 2.

Stroke
All strokes were ischaemic, with haemorrhagic trans-
formation occurring in three patients. In 24 patients
(66.7%) this concerned the anterior cerebral circula-
tion, in nine (25%) the posterior circulation and in
three patients (8.3%) multiple vascular territories were
affected. This led to dysarthria and aphasia (n=10;
27.7%), hemiparesis (n=8; 22.2%), hemiplegia (n=6;
16.6%) and (hemi)anopsia, balance and coordination
disorders (n= 4; 11.1%). The median mRS was 1.5
(1–2) before TAVI, 5 (4–5) on the day of the stroke,
4 (3–5) at discharge and 3 (3–5) after 90 days. In
26 (72.2%) patients this led to a mRS of ≥2 and an
increase of ≥1 mRS category at 90 days after stroke
onset. These strokes were therefore classified as dis-
abling. The mortality rate at 90 days was 22.2%.

Half of the stroke patients had a history of atrial
fibrillation (AF), and in 11 (30.6%) stroke cases AF
was documented during hospitalisation. One pa-
tient who was diagnosed with new-onset AF 1 day
after TAVI suffered a disabling stroke 4 days post-
TAVI. He was not treated with oral anticoagula-
tion despite a CHAD2S-VASc score of 4, as AF was
considered to be periprocedural. In the 113 (9.0%)
patients in whom a cerebral embolic protection de-
vice was used, a clinically overt stroke occurred in
<1%. Stroke treatment was conservative in the ma-
jority (77.8%) of patients with antithrombotic therapy,
which had been initiated before stroke occurrence for
other indications in most cases. In four patients en-
dovascular thrombectomy was performed, resulting
in partial symptom resolution in two cases. However,
in one patient endovascular thrombectomy led to
fatal haemorrhagic transformation. Furthermore, five
patients were treated with intravenous thrombolysis,
resulting in partial symptom resolution in two cases,
but treatment was complicated by major access-site
bleeding in three of them.

Myocardial infarction
Seven of the 13 myocardial infarctions were caused
by intraprocedural mechanical coronary artery ob-
struction, all but one in the left coronary artery. This
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required emergency percutaneous coronary interven-
tion with left main stenting in five, and emergency
coronary artery bypass grafting and surgical aortic
valve replacement in two patients. A postprocedural
myocardial infarction occurred in six cases. One case
occurred due to anticoagulation reversal because
of acute cardiac tamponade. In the remaining five
cases the event occurred ≥72h after TAVI and these
were therefore classified as spontaneous myocardial
infarctions.

Lower limb ischaemia
Ipsilateral lower limb ischaemia was caused by il-
iac or femoral occlusion in five, and occlusive iliac
or femoral dissection in six patients. Eventually, all
11 patients underwent surgical thrombectomy or re-
construction, as two patients who received endovas-
cular treatment remained symptomatic and a patient
initially treated conservatively developed invalidating
claudication symptoms. This was fatal in one case,
a patient who developed ventricular fibrillation dur-
ing surgery and subsequently died from cardiogenic
shock in the intensive care unit.

Bleeding and vascular complications

A total of 66 major bleeding, life-threatening or dis-
abling bleeding events occurred in 65 (5.2%) patients,
of which acute cardiac tamponade (38.5%) and major
access-site bleeding (32.3%) were the most frequent.
Details about the occurrence at other bleeding sites
can be found in Tab. 1. Thirteen patients (20.0%) who
developed a bleeding event died within 30 days after
TAVI, as depicted in Fig. 2.

Acute cardiac tamponade
Pericardial bleeding was caused by left ventricular
guidewire perforation (n=8; 32.0%), (sub)annular
rupture (n= 7; 28.0%), right ventricular perforation
after pacemaker lead insertion (n= 4; 16.0%) or left
ventricular free-wall rupture (n=1; 4.0%). In five
patients (20.0%), the underlying cause remained
unascertained. Pericardiocentesis was performed
in 18 (72.0%) and surgical drainage and correction in
seven patients (28.0%). No emergency surgery was
performed based on a pre-agreed treatment limitation
or lack of surgical options in the remaining cases. The
in-hospital mortality rate of this subset of patients
developing a tamponade was 44.0%.

Major access-site bleeding
Major access-site bleeding occurred most commonly
in the groin (n= 18; 85.7%) after transfemoral TAVI.
Furthermore, two (9.5%) transapically treated patients
developed a haemothorax and one developed aortic
bleeding following direct aortic access. These access-
site bleedings were classified as major or life-threaten-
ing based on ≥3.0g/dl decrease in haemoglobin level

Table 1 Overview of primary outcomes. For the main cat-
egories the number of cases is shown, with the incidence
as a percentage in parentheses
Primary outcomes (30 days) N= 192

Stroke 36 (2.9)

– Disabling 26

– Non-disabling 10

Myocardial infarction 13 (1.0)

– Periprocedural 10

– Spontaneous 3

Major non-bleeding, vascular complications 17 (1.3)

– Acute limb ischaemia 11

– Aortic dissection 4

– Ventricular perforationa 2

Major, life-threatening or disabling bleeding 66 (5.2)

– Cardiac tamponade 25

– Haemothorax 3

– Gastrointestinal 4

– Intra-abdominal bleeding 3

– Retroperitoneal bleeding 4

– Access site 21

– Other 6

All-cause mortality 54 (4.3)

– TAVI related 30

– Other cause 19

– Unknown 5

Severe acute kidney injury 6 (0.5)

– Stage 2 3

– Stage 3 3

Early safety composite outcome 146 (11.7)

TAVI transcatheter aortic valve implantation
aIn two cases ventricular perforation occurred that did not lead to serious
bleeding and cardiac tamponade. Consequently these cases were classified
as major non-bleeding, vascular complications

(n= 3), requiring transfusion of ≥2 units (n=7) or re-
quiring surgery (n= 11).

Vascular complications
In four patients, aortic dissection occurred (0.3%); two
type A and two type B dissections, all without coro-
nary, aortic arch or abdominal vessel involvement.
They were treated conservatively with strict blood
pressure regulation and survived the 30-day follow-
up. In two transapically treated patients, ventricular
perforation occurred after pacemaker lead insertion.
This did not lead to a serious bleeding event, as it
could be sutured rapidly.

Other complications

Acute kidney injury
Six patients developed severe AKI after TAVI, three of
whom had stage 2 and three stage 3 according to the
Acute Kidney Injury Network system. In all of these
patients, baseline estimated glomerular filtration rate
was below 60ml/min per 1.73m2. AKI never occurred
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alone and was part of a multifactorial course in all
patients, including stroke (n= 3), bleeding (n=4) and
PPI due to total atrioventricular (AV) block (n= 1). Half
of these patients did not survive the 30-day follow-up
period.

Conduction disturbances requiring PPI
A total of 138 (11.0%) patients developed a conduc-
tion disturbance leading to PPI. In 76 (55.1%) pa-
tients the indication for PPI was established within
2 days after TAVI. Themean time period between TAVI
and PPI was 5 days. Indications for PPI were third-
degree AV block in 98 (71.0%), high-degree AV block
in 20 (14.5%), progressive first- degree AV block with
bundle branch block in 11 (8.0%), alternating bun-
dle branch block and sick sinus syndrome in 4 (2.9%)
patients each, and reflex asystolic syncope in one pa-
tient. The majority (n= 136, 98.6%) survived the 30-
day follow-up period.

Mortality

A total of 54 (4.3%) patients deceased within 30 days
after TAVI. Ten patients (18.5%) died during the pro-
cedure, 26 (48.1%) post-TAVI during hospitalisation
and 18 (33.3%) after discharge. Deaths were espe-
cially prevalent (n= 11; 10.9%) in patients treated
by transapical approach. Most deaths (55.6%) were
caused by TAVI-related complications, as described
in the previous sections and shown in Fig. 2. Further-
more, one patient died from Staphylococcus aureus
endocarditis of the recently implanted aortic valve
prosthesis and six patients due to progressive heart
failure. One of them died during the procedure due to
concomitant severe mitral regurgitation, and another
due to aortic valve regurgitation, after predilatation
and valve pop-out. The remaining deaths from pro-
gressive heart failure were based on severe paravalvu-
lar leakage (n=2), severe mitral regurgitation (n= 1)
and lack of contractile reserve in all patients. A par-
avalvular leakage closure attempt was made in one
patient; the others were deemed too weak for further
intervention.

A substantial number of patients (n=19; 35.2%)
died from other not directly TAVI-related causes.
A case of fatal arrhythmia was caused by hyper-
kalaemia. Four patients died from non-coronary
vascular conditions, i.e. intestinal ischaemia in two
patients, a massive pulmonary embolism and a spon-
taneous subdural haematoma. A combination of fac-
tors—such as hospital-acquired pneumonia, urinary
tract infection, sepsis, delirium, AF, fluid retention
and renal insufficiency—contributed to the eventual
fatal outcome in 14 cases. The underlying cause re-
mained unknown in five (9.3%) patients, who died
after discharge.

Discussion

This study shows that a spectrum of individually rare
complications together still result in a relatively high
adverse event rate in patients currently undergoing
TAVI. The incidences of the evaluated events were
fairly comparable with recent reports of other Dutch
[10], European [11, 12], American [12, 13] and Asian
[14] TAVI registries of real-world patients. Rates of
stroke and mortality were, however, on the high end
of the spectrum, while bleeding complications were
on the low end [10–14].

From a previously described bimodal pattern of
stroke occurrence in the 30 days following TAVI, i.e.
within the first 24h and in a late phase of >10 days
after TAVI, only the first peak was observed in this co-
hort [7, 15]. Despite considerable variability in clinical
presentation and symptom severity, the major neg-
ative prognostic impact of stroke following TAVI as
shown by the high disability and mortality rates is
consistent with the body of literature on this topic
[15]. A remarkable number of stroke patients also
suffered from AF. A large meta-analysis on this topic
demonstrated an incidence of new-onset AF after TAVI
of 17.5%. Interestingly, pre-existing AF did not, but
new-onset AF did increase the risk of stroke signifi-
cantly shortly after TAVI [16]. This seems to under-
line the importance of adequate oral anticoagulation
in these patients. In contrast to a recent overview
of anecdotal evidence regarding endovascular stroke
treatment following TAVI, in which no complications
post-recanalisation were observed, our data illustrate
the high and potentially fatal bleeding risk associated
with thrombolytic and endovascular stroke treatment
post-TAVI [17]. The efficacy of cerebral embolic pro-
tection device usage seems promising based on our
observational data. However, the current evidence on
this topic is inconclusive and suffers from both va-
lidity and precision limitations [18]. Therefore, the
results of the large Stroke PROTECTion With SEntinel
During Transcatheter Aortic Valve Replacement trial
(NCT04149535) are awaited expectantly and will pro-
vide a well-substantiated view on the role of cerebral
embolic protection devices in TAVI.

Although stroke is often considered the most feared
TAVI complication, major bleeding, life-threatening
and disabling bleeding complications formed the
largest complication and mortality category in this co-
hort. Especially acute cardiac tamponade negatively
impacted survival after TAVI. Technical improvements
may further lower the incidence of these devastating
complications [19, 20]. Wang et al. found a strong
association betweenmajor and life-threatening bleed-
ing and 30-day mortality in a meta-analysis on this
topic and identified pre-existing AF and transapical
access as the most important risk factors of post-TAVI
bleeding [21]. In line with previous studies, the au-
thors suggest as the underlying mechanism that the
presence of AF should be considered a surrogate for
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oral anticoagulation use, which is commonly admin-
istered in high-risk patients with AF undergoing TAVI
[6, 21]. The recently published results of cohort B of
the POPular TAVI trial provided more insight into
the optimal postprocedural antithrombotic strategy
in this subgroup of TAVI patients [22]. However, de-
spite the fact that most bleeding and thromboembolic
events occur within 1 day of TAVI, less is known about
the optimal periprocedural anticoagulation strategy.
Interestingly, interruption of oral anticoagulation has
recently been associated with an increased risk of
thromboembolic events during TAVI [23]. The results
of the Periprocedural Continuation Versus Interrup-
tion of Oral Anticoagulant Drugs During Transcatheter
Aortic Valve Implantation (POPular PAUSE TAVI) trial
(NCT04437303) will provide more evidence on this
topic.

Beside thromboembolic and bleeding complica-
tions, a substantial number of patients died from
causes that were not directly TAVI-related (Fig. 1).
After an in-depth evaluation, the common thread in
these cases was a multifactorial course of hospitalisa-
tion-related complications such as hospital-acquired
pneumonia and delirium, which eventually led to
the fatal outcome. This resembled the causal chain
disease model of geriatric syndromes [24] and may
indicate that better patient selection could improve
patient benefit and lower 30-day mortality. This is
emphasised by the finding of a higher EFS score as
an independent predictor of the early safety com-
posite endpoint. To improve this selection process,
adequate patient-centred risk scores, indicating when
TAVI should no longer be performed as it would be
futile, need to be studied further [25]. This is particu-
larly the case, since existing prediction models of 30-
day mortality after TAVI have recently been proven
to have a poor predictive performance in the Dutch
population [10]. This is equivalently reflected by the
moderate c-statistic (0.64) of the NHR model, pre-
dicting the expected 30-day mortality per TAVI centre
adjusted for specific patient characteristics. This
moderate c-statistic is assumed to be caused by the
lack of essential predictors, less power as compared
with the NHR percutaneous coronary intervention
model and more heterogeneity in the entire care pro-
cess between TAVI centres [8]. Regarding this last
factor, improvement in postprocedural care was iden-
tified as another domain for quality improvement, as
the majority of the underlying complications in the
multifactorial course described above are known to
be hospitalisation related. More detailed registries
regarding TAVI care processes are needed to identify
how this can be optimised in clinical practice.

Strengths and limitations

In addition to the numbers of TAVI complications
uniquely published by NHR, the present study un-
ravelled their underlying causes, factors and impact.

Beside this illuminating picture itself, the main lesson
of this analysis is that although individually these
complications are rare, together they form a heavy
burden affecting a substantial proportion of TAVI
patients.

Inter-registry differences were a limitation of this
study, hampering a more detailed evaluation of other
(post)procedural and baseline characteristics. In addi-
tion, efficacy and long-term outcomes were not regis-
tered in a similar manner, which could have provided
additional viewpoints for quality improvement. Fur-
thermore, missing data was a concern for some vari-
ables, since not all patients were referred for geriatric
consultation and clinical use of risk scores changed
during the studied period. Nevertheless, the evalu-
ated outcomes were based on identical criteria in both
registries and were available for all patients.

Conclusion

A variety of underlying mechanisms and causes
formed a wide spectrum of major threats affecting
early safety in 11.7% of patients undergoing TAVI and
led to serious morbidity and mortality in a contem-
porary cohort of real-world TAVI patients. To enhance
patient benefit, periprocedural antithrombotic ther-
apy, patient selection and postprocedural care were
identified as key domains for quality improvement.
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