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Abstract
Background  Transcatheter aortic valve implantation-related infective endocarditis (TAVI-IE) is a well-recognised and seri-
ous complication following TAVI. The purpose of this study was to describe the clinical characteristics, microorganism 
spectrum, and outcomes of TAVI-IE in an Irish context.
Methods  A prospective registry was used to assess the baseline demographics, procedural variables, and clinical outcomes 
of patients undergoing TAVI between 2009 and 2020 at two tertiary referral Irish Hospitals.
Results  A total of 733 patients underwent TAVI during the study period. During a follow-up duration of 1,949 person-years 
(median 28 months), TAVI-IE occurred in 17 (2.3%) patients. The overall incidence was 0.87 per 100 person-years and 
the median time from TAVI to presentation with IE was 7 months [IQR: 5–13 months]. In those who developed TAVI-IE, 
the mean age was 78.7 years, 70.5% were male, and there was a trend towards more permanent pacemaker implantations 
post-TAVI (17.6% vs. 5.86%; p = 0.08). The dominant culprit microorganisms were streptococci (41.1%) and four (23.5%) 
cases were attributed to dental seeding. Major complications of TAVI-IE included one (5.8%) stroke, one (5.8%) in-hospital 
death, and two (11.7%) urgent surgical aortic valve replacements. The Kaplan–Meier estimate of survival at 1-year was 82% 
(95% CI = 55–95).
Conclusions  This Irish cohort of TAVI-IE exhibited a similar incidence and time to presentation compared to prior interna-
tional registries; however, the 1-year mortality rate was comparatively lower. The need for rigorous dental clearance pre-TAVI 
and maintenance of dental health post-TAVI is underscored by the high prevalence of oral streptococcus species in this cohort.
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Background

TAVI-related infective endocarditis (TAVI-IE) is a well-
recognised and serious complication post TAVI. Studies to 
date have reported TAVI-IE incidence rates of 0.3–2.1 per 
100 person-years, with a median time from TAVI to first 
presentation with IE of 5–12 months [1–7]. The diagnosis 
of TAVI-IE is highly morbid, with mortality at 1 year post 
TAVI-IE estimated between 22 and 75% [1–7].

To date, there have been no data published on TAVI-IE in 
the Republic of Ireland. Using a prospective TAVI database 
from two Irish tertiary TAVI sites, we sought to assess the 
incidence, clinical characteristics, microorganism spectrum, 
and outcomes of TAVI-IE in this patient cohort, with the 
goal of comparing our experience with other large national 
and international registries.

Methods

A prospective TAVI registry was used to follow all patients 
who underwent TAVI across two affiliated TAVI sites (i.e., 
Mater Misericordiae University Hospital and Mater Pri-
vate Hospital) between February 2009 and August 2020. 
A computer-based database designed by Dendrite™ Clini-
cal Systems (Reading, UK) was used to record all TAVI- 
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related data. A TAVI clinical nurse specialist (CNS) at each 
hospital (BM, SG, JB), with physician oversight (IC), held  
responsibility for maintaining the database. Clinical and 
procedural data was entered prospectively at the time of 
the TAVI procedure. Follow-up data was entered after each 
new follow-up interaction.

During follow-up, all patients diagnosed with TAVI-
IE were identified prospectively in the database. For the 
current study, specific additional data were then acquired 
retrospectively from the patient’s clinical record to supple-
ment the standard dataset.

The diagnosis of IE was made by consensus opinion of 
the Endocarditis team (which includes cardiologists, car-
diothoracic surgeons, infectious disease consultant, micro-
biology consultant, and pharmacist) using clinical data, 
microbiological data, and multi-modality imaging. Base-
line demographics, procedural characteristics, and clinical 
outcomes were compared between patients who developed 
IE (TAVI-IE) and those who did not (TAVI-NIE). Modi-
fied Duke criteria were retrospectively assessed for each 
TAVI-IE patient.

Ethical approval for this study was obtained from the 
Research Ethics Committee, Mater Misericordiae Univer-
sity Hospital, (Ref: 1/378/2247 TMR).

Statistical analysis

Continuous variables are presented as mean ± standard 
deviation (SD) or median [Q1; Q3]. Categorical data are 
presented as frequencies and percentages. Survival esti-
mates were calculated using Kaplan–Meier curves and the 
difference in survival was assessed using a Cox model. 
Statistical significance was defined at a level of α ≤ 0.05. 
Unpaired Student’s t tests, chi- square tests, or Fisher exact 
test were used to detect clinical significance between inde-
pendent variables in the TAVI-IE and TAVI-NIE cohorts. 
All analyses were performed with GraphPad Prism 8 (Cali-
fornia, USA).

Definitions

The risk of 30-day mortality was estimated using the Society 
of Thoracic Surgeons (STS) and updated EuroSCORE II risk 
assessment tools [8, 9]. Definitions for background medical 
conditions are in keeping with the Valve Academic Research 
Consortium-2 (VARC-2) criteria [10]. Early and late infec-
tive endocarditis were defined as any infective endocarditis 
occurring during or beyond the first 12 months after TAVI, 
respectively [3]. Early infective endocarditis was subdivided 
into peri-procedural (within 100 days) and early delayed 
(100 to 365 days after TAVI) [3].

Results

A total of 733 patients underwent TAVI at the two clinical 
sites. During a follow-up of 1,949 person-years (median 
follow-up 28 months [IQR: 15–44 months]), infective 
endocarditis occurred in 17 patients (2.3%), with an over-
all incidence rate 0.87 per 100 person-years. The median 
time from TAVI to presentation with IE was 7 months 
[IQR: 5–13 months].

The incidence rate for early and late IE was 1.68 and 
0.32 per 100 person-years, respectively. The peri-procedural 
period (195 person-years at risk) carried the highest inci-
dence rate of 2.05 per 100 person-years, followed by the 
early delayed period (495 person-years at risk) with an inci-
dence rate of 1.41 per 100 person-years.

Baseline demographics (Table 1)

The mean age for patients who developed TAVI-IE was 
78.7 ± 13.7 years and 70.5% were male. The baseline 
demographics were similar between the TAVI-IE and 
TAVI-NIE cohorts, except for a higher baseline creatinine 
clearance in the TAVI-IE group.

Procedural characteristics (Table 2)

There was no significant difference in native valve 
morphology, TAVI access site, or procedural time between 
patients with and without TAVI-IE. There was a trend 
towards increased rates of TAVI-IE among those who 
underwent permanent pacemaker insertion following TAVI 
(17.6% vs. 5.86%; p = 0.08).

Clinical characteristics and echocardiographic 
features of TAVI‑IE (Table 3)

According to modified Duke criteria, there were 6 (35.3%) 
definite and 11 (64.7%) possible cases of TAVI-IE, respec-
tively. The most common symptom on presentation was 
fever (76.4%) and vascular phenomena were frequently 
recorded (29.4%). Dental extractions occurred in three 
(17.6%) cases during the month prior to presenting with 
IE. A single case (5.8%) required dental extraction for 
dental caries which was recognised following their pres-
entation with TAVI-IE. Echocardiographic data revealed 
vegetations in 41.1% (n = 7), aortic abscess in 17.6% 
(n = 3) and aorto-atrial fistula in 5.8% (n = 1) of cases. No 
echocardiographic valvular abnormality was seen in 29.4% 
(n = 5) of cases.
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Culprit microorganisms of TAVI‑IE (Table 4)

Overall, 13 (76.4%) cases were blood culture positive. 
Streptococci were most frequently isolated (41.1%), fol-
lowed by Enterococci and Staphylococci which were 
isolated with the same frequency (17.6%). Both cases of 
coagulase negative staphylococci occurred in the peri-
procedural period (<100 days) and all three enterococcus 
cases occurred in the early IE period (<365 days). Out 
of the four cases who underwent dental extractions, three 
isolated oral streptococcal spp. and one was culture nega-
tive. Additionally, the case of streptococcus infantarius 
(Streptococcus bovis) IE underwent subsequent colonos-
copy which identified benign polyps and no colorectal 
malignancy.

Management and clinical outcomes of TAVI‑IE 
(Table 3)

Overall, 88.2% of patients with TAVI-IE were success-
fully managed with medical therapy alone. There was one 
(5.8%) in-hospital death related to overwhelming sepsis 
despite urgent surgical intervention and one (5.8%) patient 
suffered a major stroke. There were no additional deaths 
in the first year following presentation. The Kaplan–Meier 
estimate for overall survival at 1  year was 82% (95% 
CI = 55–95%). The odds ratio (OR) of survival at 1 year 
for TAVI-IE versus TAVI-NIE showed no significant dif-
ference; OR 0.98 (95% CI 0.13–7.54).

During a mean follow-up of 2.9 ± 1.5 years, there were 
three additional deaths recorded in the TAVI-IE cohort; 

Table 1   Baseline characteristics 
of patients with TAVI-related 
infective endocarditis

Value are presented as mean ± standard deviation or n (%)
IE infective endocarditis, NIE no infective endocarditis, STS-PROM Society of Thoracic Surgeons Pre-
dicted Risk of Mortality, EuroSCORE European System for Cardiac Operative Risk Evaluation, CABG 
coronary artery bypass graft, PCI percutaneous coronary intervention, SAVR surgical aortic valve replace-
ment, MV mitral valve, ICD implantable cardiac defibrillator, COPD chronic obstructive pulmonary dis-
ease; creatinine clearance [mL/min], LVEF left ventricular ejection fraction

Baseline characteristics Total
(n = 733)

TAVI-IE
(n = 17)

TAVI-NIE
(n = 716)

p value

Demographics
  Age 80.7 ± 10.2 78.7 ± 13.7 80.8 ± 10.1 0.54
  Male 422 (57.5) 12 (70.5) 410 (57.2) 0.32

Procedural risk
  STS-PROM 5.9 ± 4.6 5.7 ± 4.8 6.0 ± 4.6 0.84
  EuroSCORE II 5.1 ± 5.8 4.8 ± 5.3 5.1 ± 5.8 0.83

Past medical history
  Hypertension 512 (69.8) 12 (70.5) 500 (69.8) 0.94
  Dyslipidaemia 514 (70.1) 12 (70.5) 502 (70.1) 0.96
  Diabetes mellitus 165 (22.5) 4 (23.5) 161 (22.4) 0.91
  COPD 148 (20.1) 2 (11.7) 146 (20.3) 0.38
  Prior stroke 42 (5.7) 1 (5.8) 41 (5.7) 0.97
  Atrial fibrillation/ flutter 271 (36.9) 7 (41.1) 264 (36.8) 0.71
  Coronary artery disease
    CABG 144 (19.6) 6 (35.2) 138 (19.2) 0.1
    PCI 229 (31.2) 6 (35.2) 223 (31.1) 0.71
  Previous valve procedure
    Prior SAVR 27 (3.6) 1 (5.8) 26 (3.6) 0.47
    MV repair/ replacement 20 (2.7) 0 (0) 20 (2.7) 1.0
  Prior IE 4 (0.5) 0 (0) 4 (0.5) 1.0
  Permanent pacemaker 68 (9.2) 2 (11.7) 66 (9.2) 0.66
  ICD 13 (1.7) 0 (0) 13 (1.8) 1.0
  Baseline creatinine clearance 55.9 ± 23.8 68.9 ± 37.5 55.5 ± 23.3 0.02
  LVEF 50.5 ± 11.2 50.5 ± 11.3 50.5 ± 11.2 0.98
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causes of death included the following: end stage heart 
failure, advanced dementia, and Covid-19 pneumonitis, 
respectively. Of the TAVI-IE cohort alive at follow-up, ten 
(58.8%) were living at home, two (11.7%) living in long-
term care facilities and one (5.8%) was lost to follow up.

Discussion

This study provides the first insight into the incidence, 
microbiological spectrum, and clinical outcomes among 
TAVI patients who developed IE at two tertiary referral 
centres in the Republic of Ireland. Compared to other large 
international registries, the incidence and time to presenta-
tion with TAVI-IE in this series was similar, with Strepto-
coccus being the dominant culprit organism. In contrast to 
prior studies, the estimated mortality at 1 year was relatively 
low at 17.6%.

Incidence of TAVI‑IE and consideration of Duke 
criteria

The overall incidence rate of 0.87 per 100 person-years in 
our patient cohort is in keeping with other large international 

registries which report rates of 0.3–2.1 per 100 person-years 
[1–7]. The considerable range in incidence rates is likely 
related to some studies including only “definite” IE accord-
ing to the modified Duke criteria whereas, other studies, 
including ours, included cases of both “definite” and “pos-
sible” IE [5, 7, 11]. The inclusion of only “definite” IE may 
bias towards identifying fewer but potentially more severe 
cases. Moreover, the modified Duke criteria has not been 
validated for TAVI-IE and hence sensitivity may be limited 
[11, 12]. This was seen in the Swiss TAVI registry where 
only 63% of confirmed TAVI-IE cases met criteria for a “def-
inite” diagnosis using the modified Duke criteria [3]. Finally, 
TAVI-IE may present with atypical IE manifestations and 
echocardiography can confer limited diagnostic yield due to 
prosthesis related artefacts and the frequent absence of overt 
vegetations [4, 11, 12].

Management and outcomes of TAVI‑IE

The majority of the current TAVI-IE cohort were man-
aged medically. This likely reflects the higher rate of less 
virulent Streptococcus species (as compared to Staphloc-
cous and enterococcus) as the culprit organism in the 

Table 2   Procedural 
characteristics of patients 
with TAVI-related infective 
endocarditis

Value are presented as mean ± standard deviation or n (%)
IE infective endocarditis, NIE no infective endocarditis, Valve-in-valve TAVI implanted within a previous 
bioprosthetic aortic valve, PPM permanent pacemaker
* Sapien, Sapien 3, Sapien XT
** Evolut R, Evolut Pro, CoreValve

Procedural characteristics Total
(n = 733)

TAVI-IE
(n = 17)

TAVI-NIE
(n = 716)

p value

Valve morphology
  Tricuspid 678 (92.4) 15 (88.2) 663 (92.5) 0.36
  Bicuspid 28 (3.8) 1 (5.8) 27 (3.7) 0.48
  Valve-in-valve 27 (3.6) 1 (5.8) 26 (3.6) 0.47

TAVI access site
  Transfemoral 680 (92.7) 17 (100) 663 (88.4) 0.62
  Transapical 31 (4.2) - 31 (4.3) 1.0
  Trans-septal 10 (1.3) - 10 (1.3) 1.0
  Trans-subclavian 6 (0.8) - 6 (0.8) 1.0
  Transcaval 4 (0.5) - 4 (0.5) 1.0
  Transcarotid 1 (0.1) - 1 (0.1) 1.0
  Transaxillary 1 (0.1) - 1 (0.1) 1.0

TAVI prosthesis
  Edwards* 581 (79.1) 11 (64.6) 570 (79.6) 0.13
  Medtronic** 98 (13.2) 4 (23.5) 94 (13.1) 0.21
  ACU​RAT​E Neo 44 (6.0) 2 (11.7) 42 (5.8) 0.31
  JenaValve 10 (1.4) 0 (0) 10 (1.4) 1.0

Procedural duration (min) 82 ± 38 90 ± 33 82 ± 38 0.38
New PPM implant 45 (6.1) 3 (17.6) 42 (5.86) 0.08
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cohort. In addition, the advanced age and comorbidity of 
a typical TAVI population likely result in a bias against 
surgical intervention for patients with TAVI-IE, leading 
to lower rates of surgical reintervention for TAVI-IE com-
pared to the SAVR-IE population.

The 1-year estimate of one year survival of 82% in our 
TAVI-IE patient cohort is considerably higher than other 
large international registries (Table 5) [1–7]. The expla-
nation for this difference is multifactorial but possible 
explanations include different spectrum of microbiologi-
cal culprit species across series, the inclusion of a higher 

proportion of “possible” IE as per modified Duke criteria, 
and possibly earlier recognition and treatment of patients 
with TAVI-IE.

Clinical implications

Patients undergoing TAVI have proved just as vulnerable 
to IE as patients treated with SAVR [13, 14]. Hence, these 
patients warrant the same peri-operative assessment and 
post-operative advice on IE prophylaxis as those treated 
with SAVR [15–17].

In this cohort, seeding of oral microorganisms likely 
was responsible for four (23.5%) cases of IE in this cohort, 
based on the isolation of oral streptococcus species and/
or the temporal relation of TAVI-IE to a dental extraction. 
Dental caries and procedures are recognised as a risk factor 
for TAVI-IE, similar to IE associated with SAVR [18–20]. 
When TAVI was initially applied in clinical practice, it 
was used typically in very elderly patients with very high 
surgical risk and limited prospects of long-term survival. 
Attention to dental care pre- and post-TAVI often did not 
meet the standards practiced by CT surgeons performing 
SAVR. Our data has reinforced the need to adopt surgical 
standards of dental clearance prior to all TAVI procedures 
and to reinforce the need maintaining daily dental hygiene 
practices and yearly dental review post-TAVI. Antibiotic 
prophylaxis is recommended for patients undergoing den-
tal procedures that involve manipulation of gingival tissue 
or the peri-apical region of teeth, or perforation of oral 
mucosa including scaling and root canal procedures [15, 
21]. These practices have even greater importance as TAVI 
is applied to younger and lower risk populations where 
patient survival is significantly prolonged compared the 
initial TAVI cohorts and the volumes of patients treated 
with TAVI are increasing dramatically. Yearly clinical 
follow-up post-TAVI should include a reiteration of these 
instructions for patients and their next of kin.

Table 3   Clinical characteristics, echocardiographic features, and 
management of patients with TAVI-related infective endocarditis

IE infective endocarditis, PPM permanent pacemaker, Vascular phe-
nomena, small or large vessel infective emboli, SAVR surgical aortic 
valve replacement, MV Mitral valve, TV tricuspid valve

Clinical characteristics N = 17 (%)

Presenting symptoms
  Fever 13 (76.4)
  Heart failure 7 (41.1)
  Delirium 3 (17.6)
  Weight loss 3 (17.6)

Predisposition to IE
  New PPM 3 (17.6)
  Dental extractions prior to presentation with IE 3 (17.6)
  Dental caries 1 (5.8)

Vascular phenomena 5 (29.4)
  Intracerebral pseudoaneurysm/ stroke 1 (5.8)
  Upper limb deep vein thrombosis 1 (5.8)
  Pulmonary embolism 1 (5.8)
  Discitis 1 (5.8)
  Splenic infarcts 1 (5.8)

Echocardiographic findings
  Vegetation 7 (41.1)
  Aortic 4 (23.5)
  Mitral 3 (17.6)
  Tricuspid 1 (5.8)
  Pacemaker lead 1 (5.8)
  Normal 5 (29.4)
  Aortic abscess 3 (17.6)
  New aortic regurgitation 2 (11.7)
  New tricuspid regurgitation 1 (5.8)
  New mitral regurgitation 1 (5.8)
  Aorto-atrial fistula 1 (5.8)

Management
  Medical management 15 (88.2)
  Urgent surgery 2 (11.7)
  SAVR + MV repair 1 (5.8)
  SAVR + TV repair + MV repair + fistula closure 1 (5.8)

Table 4   Culprit microorganisms identified on blood cultures

Culprit microorganism N = 17(%)

Streptococci 7 (41.1)
Strep mitis 2 (11.7)
Strep salivarius 2 (11.7)
Strep infantarius 1 (5.8)
Strep gordonii 1 (5.8)
Abiotrophia Defectiva 1 (5.8)
Enterococcus faecalis 3 (17.6)
Staphylococci 3 (17.6)
Staph aureus 1 (5.8)
Coagulase-negative staph 2 (11.7)
Culture negative 4 (23.5)
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Limitations

The data presented in this study should be interpreted within 
the inherent limitations of a registry-based study. Furthermore, 
our TAVI-IE cohort is small hence caution should be exer-
cised when interpreting clinical outcomes. Adjudication of the 
diagnosis of infective endocarditis was based on the consensus 
decision of the Endocarditis team which may be imperfect.

Conclusions

In this prospective cohort of patients undergoing TAVI at 
a tertiary TAVI centre in Ireland, we found a similar inci-
dence and time to presentation compared to prior interna-
tional TAVI-IE registries. However, the 1-year mortality 
rate of 17.6% was lower than previously reported. The need 
for rigorous dental clearance pre-TAVI and maintenance of 
dental health after TAVI is underscored by the high preva-
lence of oral streptococcus species in this patient cohort.
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