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Abstract

Aims: Transcatheter aortic valve implantation (TAVI) has recently developed into an accepted alternative to
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(PVE) seems to occur very rarely.

Methods and results: We followed the first 180 consecutive patients who underwent TAVI at our institu-
tion to assess safety and efficacy of the procedure. During follow-up (median, 319 days), PVE was seen more
frequently than expected. By applying modified Duke criteria five cases could be confirmed (four early-onset
and one late-onset PVE, four cases with “definite diagnosis” and one with “possible diagnosis”) representing
an estimated PVE incidence of 3.4% at one year. Two patients died subsequently. Clinical summaries of all
cases are reported and compared to previously published case reports.

Conclusions: According to our hypothesis, PVE might be particularly difficult to diagnose after TAVI,
whereas TAVI-specific elderly patients might be exceptionally vulnerable. There exists little experience of
TEE interpretation in post-TAVI endocarditis which should possess unique characteristics regarding, e.g.,
valve dehiscence or abscess formation. Therefore, echocardiography as a diagnostic tool often remains ini-
tially inconclusive. Because of incongruence between prosthetic device and calcified native aortic valve,
some degree of paravalvular leak is common after TAVI. These paravalvular leaks as a nidus for infection,

advanced age and abundant comorbidities might predispose TAVI patients for infective endocarditis.
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Introduction

Prosthetic valve endocarditis (PVE) is a very serious complication of
valve replacement and occurs with an incidence of 0.3-1.2% per
patient-year'. A subdivision into early-onset PVE (defined as occur-
ring within one year of surgery) and late-onset PVE (beyond one
year) is carried out because of significant differences in observed
microbiological profiles®>. Considerable high in-hospital mortality
rates of up to 38% for early-onset PVE? and 25% for late-onset PVE
were reported®. Clearly, an early and accurate diagnosis is essential to
a favourable outcome.

The technique of transcatheter aortic valve implantation (TAVI)
has recently developed into an accepted alternative to conventional
surgery in high-risk patients with symptomatic aortic stenosis*. In
brief, either a balloon-expandable or a self-expandable stent with an
attached pericardial valve is positioned within the native aortic annu-
lus via transarterial or transapical approach. The delivery balloon is
inflated to expand the valved stent, or the self-expandable stent is
released, thereby pressing the cusps of the native aortic valve against
the wall of the aortic root. Patients accepted for TAVI are usually
characterised by advanced age (>75 years), numerous comorbidities
and high surgical risk commonly estimated by scoring systems (i.e.,
logistic EuroSCORE). According to limited current data, post-TAVI
endocarditis seems to be a very rare event™'!. In the present study, we
will, however, report five cases of suspected PVE in patients treated
with TAVI at our clinic, and discuss special characteristics of PVE in
the context of TAVL.

Methods

We previously assessed the safety, efficacy and clinical benefit of TAVI
in the first 180 consecutive patients undergoing this intervention at our
institution between August 2008 and December 20102 In-hospital
complications and mortality at 30 days were recorded according to
VARC definitions'. Furthermore, all patients were followed by tele-
phone contact in 2011 and questioned about clinical symptoms, further
hospitalisations and cases of death. Following the patients’ or their rela-
tives’ statements, general practitioners, cardiologists and other hospi-
tals were contacted and medical documents were acquired to investigate
the incidence of major adverse cardiovascular and cerebrovascular
events (MACCE), of valve-related events as well as the causes of death
during follow-up according to VARC definitions'®. The diagnosis of
suspected PVE during follow-up was verified by applying modified
Duke criteria' to these cases. A pathological examination of valvular
tissue as the gold standard for the diagnosis of infective endocarditis or
postmortem analyses could not be carried out.

Implantation procedures using the retrograde transfemoral and the
antegrade transapical approach were performed as previously
described'>". Transfemoral procedures were performed in a hybrid
room and transapical procedures in an operating room. Perioperative
antibiotic prophylaxis with cefazoline was administered routinely to
all patients.

The study was approved by the local ethics committee; written
informed consent for the procedure itself, for the recording of proce-
dure-related complications and for follow-up telephone interviews to

determine the incidence of MACCE, valve-related events and deaths,
were obtained from all patients before the TAVI procedure.

Survival analysis was performed by the Kaplan-Meier method,
with patients counted as of the last date known alive. Survival pro-
portions according to Kaplan-Meier analysis were reported for six
months and one year.

Results

The TAVI procedure was performed in 180 severely symptomatic
patients characterised by a mean age of 82+5 years and a high risk for
conventional surgery estimated by a mean logistic EuroSCORE of
27+14%. Mortality at 30 days was 8.9% and in-hospital mortality 10%.
The telephone follow-up in 2011 was 99.4% complete (median follow-
up period of 319 days). Survival proportions at six months and 12 months
according to Kaplan-Meier analysis were 8242.9% and 7243.6%, respec-
tively. Detailed information on the patient cohort’s baseline characteris-
tics, procedural characteristics, perioperative outcome and midterm
morbidity and mortality have previously been published'.

At follow-up, 51 of the 180 patients (28.3%) had died. The causes of
death occurring after discharge from the index hospitalisation (33 cases)
were the following: unexplained sudden deaths (n=8); congestive heart
failure (n=5); device endocarditis (n=2); stroke (n=1); pneumonia or
other septicaemia (n=4); cancer (one patient); surgery after hip fracture
(one patient); ileus of small intestine (one patient); old age and bad
clinical condition (10 patients). Reasons for further hospitalisation dur-
ing follow-up included (note: one patient could have more than one
event): congestive heart failure (n=26), stroke (n=9), pneumonia or
other septicaemia (n=7), myocardial infarction (n=4), complications of
TAVI procedure occurring after first discharge (n=4), syncope requir-
ing pacemaker implantation (n=3) and aortic valve-related events (two
re-interventions, five cases of device endocarditis, two further cases of
suspected but not confirmed device endocarditis).

In summary, mortality and rehospitalisation rates in our patients were
mainly attributable to congestive heart failure, stroke and infectious dis-
eases. Prosthetic valve endocarditis accounted for a significant propor-
tion of hospitalisations. We observed five cases (including two deaths) of
post-TAVI endocarditis during a median follow-up of 319 days in 180
consecutive patients treated with TAVI. After Kaplan-Meier analysis, this
represents an estimated PVE incidence of 3.4% (95% CI: 0.08 to 6.7) at
one year in our patient cohort. Regarding the incidence density rate, the
person-time incidence rate was 2.99% per patient year.

In the following, we will describe in detail the clinical courses of the
five cases of prosthetic valve endocarditis. Two of these cases were
diagnosed and treated at our own university hospital, whereas the
remaining three patients were admitted to local hospitals nearer to their
places of residence.

Case reports

CASE 1

An 80-year-old male (preoperative logistic EuroSCORE 30%) underwent
TAVI because of severe symptomatic aortic stenosis in October 2009.
The patient had a history of myocardial infarction with papillary mus-
cle rupture and acute severe mitral regurgitation necessitating coronary
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artery bypass grafting (CABG) and implantation of a prosthetic mitral
valve (29 mm; St. Jude Medical, St. Paul, MN, USA) in April, 2008.
Furthermore, he suffered from a moderately reduced left ventricular
function, peripheral artery disease, renal failure and diabetes.

Routine screening on admission before TAVI revealed nasal col-
onisation with methicillin-resistant staphylococcus aureus (MRSA).
A decolonisation regimen with mupirocin nasal ointment was car-
ried out, and surveillance cultures were negative for MRSA. The
transfemoral implantation of the CoreValve prosthesis (29 mm,
CoreValve ReValving System; Medtronic Inc., Minneapolis, MN,
USA) and the hospital stay after TAVI were uneventful.

Seven months later, the man was readmitted to a local hospital
because of acute congestive heart failure and fever >39°C. Three
separate blood cultures were positive for MRSA. Transoesophageal
echocardiographic (TEE) images are shown in Figure 1A and
Figure 1B. Oscillating intracardiac masses could be detected neither

Figure 1. TEE 3-chamber-views of patient 1. The prosthetic mitral

valve (SJM) caused extensive shadowing complicating the detection
of oscillating intra-cardiac masses. The CoreValve prosthesis seemed
not to fit into the aortic annulus and showed a relevant dynamic
paravalvular leak (see arrows) enlarging in diastole (B) thereby
causing further deformation of the prosthesis. Due to diffuse
thickening of the aortic root (4), a large echolucent space between
prosthesis and aortic root (arrows), and a discontinuity in the native
aortic annulus (B), treating physicians made the diagnosis of an
aortic root abscess with mycotic aneurysm.

on the prosthetic mitral valve nor on the TAVI device. However, the
CoreValve prosthesis showed a relevant dynamic paravalvular leak
(see arrows) enlarging in diastole (Figure 1B) and thereby causing
further deformation of the prosthesis. Furthermore, diffuse thicken-
ing of the aortic root (Figure 1A) and a discontinuity in the native
aortic annulus (Figure 1B) were present. Due to these findings, the
treating physicians made the diagnosis of an aortic root abscess
with a pseudoaneurysm. A direct postoperative TEE for matters of
image comparison was not performed.

Antibiotic treatment with rifampin, gentamicin and vancomycin
was introduced, but the patient died 18 days after hospital admis-
sion due to refractory sepsis and cardiac decompensation. Relatives
refused an autopsy. According to the modifed Duke criteria'4, two
major criteria (IA, ITA, Table 1) and three minor criteria (a, b, ¢)
were present permitting the definite diagnosis of endocarditis. With
MRSA, a typical pathogen causing early-onset PVE was detected.

Table 1. Modified Duke criteria for the diagnosis of IE (adapted
from Li et al'4).

| Blood cultures positive for IE:
A Typical microorganisms consistent with IE from two separate blood
cultures:
Viridans streptococci, Streptococcus bovis, HACEK group,
Staphylococcus aureus; or Community-acquired enterococci, in
the absence of a primary focus;
or
B Microorganisms consistent with IE from persistently positive blood
cultures, defined as follows:
— At least 2 positive cultures of blood samples drawn >12 h
apart; or
— All 3 or a majority of >4 separate cultures of blood (with first
and last sample drawn at least 1 h apart)
or
C Single positive blood culture for Coxiella burnetii or phase I I1gG
antibody titre >1:800

Il Evidence of endocardial envolvement:

A Echocardiography positive for IE:
Vegetation (oscillating intra-cardiac mass on valve or supporting
structures, in the path of regurgitant jets, or on implanted
material in the absence of an alternative anatomic explanation);
or Abscess; or New partial dehiscence of prosthetic valve

or
B New valvular regurgitation

Minor criteria

Predisposition: predisposing heart condition, injection drug use

Fever: temperature >38°C

¢ Vascular phenomena: major arterial emboli, septic pulmonary
infarcts, mycotic aneurysms, intracranial haemorrhages,
conjunctival haemorrhages, Janeway lesions

d Immunologic phenomena: glomerulonephritis, Osler’s nodes,
Roth’s spots, rheumatoid factor

e Microbiological evidence: positive blood cultures but does not

meet a major criterion as noted above; or serological evidence of

active infection with organism consistent with IE

oo

Diagnosis of IE is definite in the presence of
2 major criteria, or
1 major criterion and 3 minor criteria, or
5 minor criteria

Diagnosis of IE is possible in the presence of
1 major and 1 minor criterion, or
3 minor criteria

m
=
=
=
=
-
(1]
-
<
(1]
=
=
o
=
N
o
—
w
2
—
D
o
~
-
B
=
=]




m
=
=
=
=
=J
(1]
=
<
(1]
=
=
o
=
N
o
—
w
&
=
™
o
~
-
E
=
o

CASE 2

The second patient (an 81-year-old woman with acute congestive
heart failure and severe aortic stenosis) was treated with TAVI via
transapical approach (23 mm Edwards SAPIEN; Edwards Lifes-
ciences, Irvine, CA, USA) in May of 2009. Preoperative logistic
EuroSCORE was 48% due to significant comorbidities (end-stage
pulmonary disease after lung tuberculosis, pulmonary hyperten-
sion, severely reduced left ventricular function, diabetes). Directly
after valve implantation, a moderate paravalvular aortic regurgita-
tion (AR) was detectable.

The perioperative course was complicated by smear-positive reac-
tivation tuberculosis necessitating the transferral to a specialised lung
clinic. After ten weeks of chemotherapy consisting of isoniazid,
rifampin, pyrazinamide, and ethambutol the patient developed fever
>38°C. Sputum smear tests had been repeatedly mycobacterium-neg-
ative at that time, but several blood cultures were positive for
Enterococcus faecalis. Therefore, the patient was readmitted to our
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hospital for suspected prosthetic valve endocarditis. TEE showed a
still moderate paravalvular AR (Figure 2B) due to paravalvular leak
and a new mobile vegetation attached to the prosthetic stent (Figure
2A) verifying a definite diagnosis of early-onset PVE (two major and
two minor criteria: [A, IIA, a, b). After intravenous administration of
vancomycin and rifampin for six weeks the patient could be dis-
charged with an oral chemotherapy of rifampin and myambutol for
tuberculosis. Surveillance TEEs at three weeks after induction of
endocarditis-specific therapy (Figure 2C and Figure 2D) as well as at
nine months post-discharge demonstrated the persisting paravalvular
aortic regurgitation and the absence of vegetation. However, the para-
valvular leak seemed to have receded after antibiotic treatment.

CASE 3

In this case, an Edwards 23 mm prosthesis was implanted in an
80-year-old woman via the transapical approach in March 2010. The
preoperative logistic EuroSCORE was 41% due to previous CABG,

TEE T <37.8

Figure 2. TEE 3-chamber-views of patient 2 (B+D with colour Doppler, C+D surveillance TEE three weeks after A+B). TEE revealed a new
mobile vegetation (#) attached to the prosthetic stent (A). Furthermore, a still moderate paravalvular AR (B) due to paravalvular leak (*) was

present. Surveillance TEE three weeks later (C and D) demonstrated the persisting paravalvular aortic regurgitation and the absence of

vegetation. However, the paravalvular leak seemed to have decreased.

SME
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peripheral artery disease, and chronic lung disease, but the patient
experienced norelevant perioperative complications. Echocardiography
at discharge demonstrated only trace paravalvular AR.

In January, 2011 she was admitted to a local hospital for recur-
rent chills. The patient herself had not measured her temperature
and during hospital stay the temperature was not >38°C. Several
blood cultures were positive for Enterococcus faecalis. TEE showed
mild to moderate AR, but no vegetation or abscess could be
detected. Since mild AR was seen since the TAVI procedure, the
diagnosis of PVE was rejected although extensive imaging revealed
no other focus of inflammation. The presence of one major and one
minor criterion (IA, a) would already have permitted a “possible
diagnosis” of early-onset PVE at that time. Antibiotic treatment
with ampicillin for two weeks and then ciprofloxacine for another
two weeks was carried out, and the patient was afterwards dis-
charged without laboratory signs of persisting infection.

However, seven weeks later she was readmitted in poor clinical
condition after several episodes of collapse. A fever >39°C was
measured, and all three blood cultures were again positive for

Enterococcus faecalis. Transoesophageal echocardiography now
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revealed a large oscillating vegetation attached to the prosthetic
cusps (Figure 3A, arrow) and a moderate central AR (Figure 3B). In
this case, no paravalvular leak was present. According to current
guidelines, ampicillin and gentamicin were administered intrave-
nously for six weeks. The vegetation receded under antibiotic ther-
apy (Figure 3C, surveillance TEE after four weeks), but the central
at least moderate AR persisted (Figure 3D, surveillance TEE after
six weeks). During hospital stay, the patient experienced a minor
stroke with temporary paresis of the right arm and dysarthria, but
neurologic symptoms had almost completely disappeared at the
time of discharge. Cerebral MRI revealed multiple lacunar strokes
probably resulting from cardiac embolisation.

At the time of the second hospital admission, two major and
three minor criteria (IA, IIA, a, b, ¢) were present permitting a defi-
nite diagnosis of PVE.

CASE 4

An 85-year-old man who suffered from chronic pulmonary disease
and pulmonary hypertension (preoperative logistic EuroSCORE
23%) underwent transfemoral TAVI (Edwards 23 mm) in March
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Figure 3. TEE 3-chamber views (4, C, D) and short axis view (B) of patient 3. A large oscillating vegetation attached to the prosthetic cusps

(A, arrow) and a moderate central AR (B) were detected. No paravalvular leak was present. The vegetation receded under antibiotic therapy
(C, surveillance TEE after 4 weeks), but the central at least moderate AR persisted (D, surveillance TEE after 6 weeks).
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2010. The in-hospital stay after the procedure was complicated by
the occurrence of acute renal failure with indication for renal
replacement therapy, by new-onset third degree atrioventricular
block with indication for pacemaker implantation, and by new-
onset atrial flutter with indication for ablation. Echocardiography
before discharge revealed a moderate paravalvular AR (Figure 4A).

In August 2010 the patient was readmitted to the urological
department of a local hospital because of fever and urinary tract
infection. In urine cultures, Enterococcus faecalis, Escherichia coli,
and Candida albicans were detected one after the other. Therefore,
three different antibiotic regimens were administered during seven
weeks, but recurrent episodes of acute cardiac failure with pleural
effusions, recurrent fever under antibiotic therapy and the occur-
rence of Osler’s nodes on both feet necessitated transferral to the
cardiologic department for suspected PVE. Two blood cultures
drawn >12 h apart were positive for Escherichia coli (and one of
them additionally for Proteus mirabilis), whereas the urine cultures
were negative at this time. The patient refused the performance of

TEE, but transthoracic echocardiography still demonstrated a moderate

Figure 4. TTE 5-chamber-views of patient 4. Echocardiography directly

after the TAVI procedure revealed a moderate paravalvular AR (4). On
actual admission transthoracic echocardiography still demonstrated
a moderate paravalvular AR without valvular vegetation (B).

paravalvular AR without valvular vegetation (Figure 4B). In spite
of parenteral antibiotic treatment, the patient died of septicaemia in
December 2010. An autopsy was refused.

According to modified Duke criteria'4, one major (IB) and three
minor criteria (a, b, d) were present creating a “definite diagnosis”
of early-onset PVE with the urinary tract as possible origin of

septicaemia.

CASE 5

Transapical TAVI (Edwards 23 mm) was performed in July of 2009
on a 91-year-old woman (preoperative logistic EuroSCORE 25%
due to age, gender and pulmonary hypertension). No relevant perio-
perative complications occurred. At a follow-up visit in August
2010 the patient was in good clinical condition and free of dysp-
noea. Echocardiography demonstrated only a trace paravalvular
aortic regurgitation, and clinical chemistry showed no signs of
inflammation.

The woman was readmitted to our centre in June 2011 due to
recurrent fever >38°C and suspected PVE. Three blood cultures
were positive for oral streptococci (Streptococcus gordonii). TEE
confirmed mild paravalvular aortic regurgitation due to a small par-
avalvular leak (Figure 5B) that had already been present directly
after TAVI (Figure 5A). No vegetation, pseudoaneurysm or abscess
was detected.

Fever associated with a prosthetic valve and positive blood cul-
tures with typical IE causative organisms represent a “possible diag-
nosis” of in this case late-onset PVE according to modified Duke
criteria'* (one major and two minor criteria: IA, a, b). The diagnosis
was strengthened by laboratory signs of infection (CRP on admission
80 mg/l, leucocytes 11500/ul). In accordance with current guidelines,
the patient was treated with ceftriaxone for four weeks, and could be

discharged in good clinical condition afterwards.

Discussion

The anticipated PVE incidence is 0.3-1.2% per patient-year', and
current studies reported markedly lower incidences of early-onset
PVE after TAVI than ourselves: 0.6%* 1.0 %°* 1.1%'", 1.5%’,
2.3%’. Genereux et al recently showed a pooled endocarditis inci-
dence of 0.6% in a meta-analysis of 16 studies (3,519 patients)
which applied VARC definitions®. At this present time, the longest
follow-up (median, 3.7 years) was carried out by Gurvitch et al®
who described an overall PVE incidence of 1.4 % (n=70 patients,
one case of PVE). To our knowledge, only 10 exact case reports
providing all relevant information allowing the use of the modified
Duke criteria for confirmation of the diagnosis concerning post-
TAVI endocarditis have been published'*’.

However, we observed a PVE incidence of 3.4% (95% CI: 0.08
to 6.7) at one year and a person-time incidence rate of 2.99% per
patient year in our own patient cohort whose baseline characteris-
tics were comparable to those of preceding publications.

‘What might be the reasons for the higher than expected incidence
of post-TAVI endocarditis in our patients? According to our hypoth-
esis, the diagnosis of PVE might be particularly difficult to make
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Figure 5. TTE (4) and TEE (B) 3-chamber-views of patient 5. Already
directly afier the TAVI procedure a mild paravalvular aortic regurgitation

due to a small paravalvular leak had been present (A). On actual
admission (B), TEE confirmed mild paravalvular aortic regurgitation. No
vegetation, mycotic aneurysm or abscess was detected.

after TAVI, whereas many predisposing conditions might in fact
increase the risk of PVE in TAVI-specific elderly patients with sig-
nificant comorbidities.

Concerning predisposing conditions, the presented cases (Table 2)
possess certain similarities. As expected in TAVI procedures, patients
were characterised by advanced age (>80 years), high risk for con-
ventional surgery estimated by a high logistic EuroSCORE and
numerous comorbidities. Four of five patients with post-TAVI endo-
carditis exhibited clinically important characteristics possibly related
to infectious aetiologies according to previous publications®: two
patients suffered from diabetes, one underwent haemodialysis after

TAVI, and two were immune-compromised due to reactivation

tuberculosis and very old age, respectively. Additionally, one
patient showed nasal MRSA colonisation before valve implantation,
which might have been the precursor to MRSA bacteraemia and
endocarditis.

Concerning procedural features, suspected PVE was observed in
both valve and access types. The incision-to-closure time, fluoros-
copy time and amount of contrast medium used were not higher in
patients who developed PVE than in those who did not. Both
transapical and transfemoral procedures were always performed by
the same operators (one interventional cardiologist and one cardiac
surgeon) and the number of nurses and technicians was constant. In
cases 3 and 4, post-TAVI balloon dilatation became necessary
because of initial moderate (case 3) to severe (case 4) paravalvular
AR directly after valve deployment. These two patients were char-
acterised by particularly high transaortic gradients measured by
TTE at baseline (P 78/ P_ 124 mmHg in case 3 and P_ 87/
P 141 mmHg in case 4). In patient 4, the excessive calcification
led to the deployment balloon as well as the post-dilation balloon
bursting. Indeed, there was a tendency towards higher pre-proce-
dural transaortic gradients in the PVE cases compared to the total
cohort. In four of the five endocarditis patients, the calcification
was asymmetric and particularly pronounced on the non-coronary
aortic cusp resulting in post-procedural minimal (case 5) to moder-
ate (case 4) paravalvular leakage at the level of the non-coronary
cusp. Also, although the incidence of post-procedural moderate AR
in the total cohort was only 7.3%, moderate AR at discharge was
present in two of the five PVE patients. These findings imply that
the functional post-procedural results in the endocarditis group
were of a slightly poorer quality than the average result of the total
cohort. Echocardiographic findings at baseline and discharge as
well as procedural parameters in patients who developed PVE in
comparison to the total cohort are summarised in Table 3.

Isolated pathogens were typical for early and late PVE, respec-
tively, with the exception of Escherichia coli (case 4) in which sus-
pected endocarditis followed multiple urinary tract infections as
possible portal of entry. In general, E. coli is a rare microorganism
in infective endocarditis, and current guidelines report that gram-
negative non-HACEK bacteria are found in only 1.8% of endocar-
ditis cases'. However, elderly patients present more frequently than
other groups with urinary portal of entry®. A similar case report of
post-TAVI PVE following urine infections has already been
published'®.

Two of our five reported patients (40%) died due to sepsis and
pump failure.

In the previously published 10 cases (Table 4), similar baseline
characteristics (age mainly >80 years, high logistic EuroSCORE)
and multiple predisposing conditions were present. Also, in two
patients®*** a suboptimal device position (too low into the left ven-
tricular outflow tract [LVOT], thereby causing injury and satellite
infection of the anterior mitral valve leaflet at the contact point of
the ventricular edge of the metal frame) is discussed as a predispo-
sition for the development of infective endocarditis. Of note,
the lack of antibiotic prophylaxis perioperatively during dental
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Table 2. Clinical summaries of the 5 post-TAVI PVE cases.

‘ Case 1 ‘ Case 2 ‘ Case 3 Case 4 ‘ Case 5
Patient male, 80y female, 81y female, 80 y male, 85y female, 91y
log. EuroSCORE 30% 48% 41% 23% 25%
Type of prosthesis CoreValve 29 mm Edwards SAPIEN 23 mm | Edwards SAPIEN 23 mm | Edwards SAPIEN 23 mm | Edwards SAPIEN 23 mm
Approach transfemoral transapical transapical transfemoral transapical
Time between TAVI and hosp. for PVE 207 days 146 days 379 days 187 days 696 days
Delay of diagnosis none none 64 days none none
Type of PVE early-onset early-onset early-onset early-onset late-onset

Level of diagnosis (modified Duke
criterial)

Definite diagnosis
(criteria IA, 1A, a, b, ¢)

Definite diagnosis
(criteria IA, 1A, a, b)

Definite diagnosis
(criteria IA, 1A, a, b, ¢)

Definite diagnosis
(criteria IB, a, b, d)

Possible diagnosis
(criteria IA, a, b)

Predisposing conditions (apart from
prosthetic aortic valve)

Diabetes,
MRSA-colonisation,
Prosthetic mitral valve

Diabetes,
reactivation tuberculosis

none

complicated in-hospital
course after TAVI (renal
replacement therapy,
new pacemaker)

very advanced age

Device function directly after TAVI

mild paravalvular AR

moderate paravalvular
AR

mild paravalvular AR

moderate paravalvular
AR

no relevant AR

Pathogen (blood cultures)

MRSA

Enterococcus faecalis

Enterococcus faecalis

Escherichia coli

Viridans streptococci

Outcome

died

alive

alive

died

alive

treatments and colonoscopy is discussed as possible reasons for the
development of infective endocarditis in four case reports-?’.

Of the reported 10 patients, two'*?! died of PVE (one case of
CoreValve PVE and one of Edwards SAPIEN PVE).

Importantly, a significant delay in PVE diagnosis (2-6 months)
was present in four literature case reports®*?>*2 as well as in one of
our own patients (case 3). This was in the one case? attributable to
an atypical clinical presentation (no echocardiography performed
until the 1-year routine follow-up), and in four cases attributable to
initially inconclusive echocardiography (in combination with
microbiological findings not meeting a major criterion according to
the Duke-Li criteria'* in the three cases found in the literature). The
diagnosis could only be made when massive pathologies like exten-
sive large vegetation, abscesses and fistulas could be detected by
TEE. Although all five patients survived, the delay in diagnosis
caused significant morbidity (cerebral embolisation, acute renal
failure, prolonged hospital stays, open-heart surgery for explanta-
tion of infected prosthesis in three cases).

Why is the diagnosis of PVE particularly difficult to make after
transcatheter aortic valve implantation?

First, a cornerstone of the diagnosis is a positive echocardiogram

9

including the criteria “vegetation”,

9

abscess”, “new partial dehis-
cence of prosthetic valve” and “new valvular regurgitation™'.
However, little evidence exists on what an infective endocarditis of
a transcatheter aortic valve might look like in TEE imaging. The
development of large vegetation is a later event in PVE, whereas
the detection of smaller vegetation by TEE is challenging due to the
shadowing effect and reflectance of the prosthetic material. Some
degree of paravalvular leak, and therefore regurgitation, is common
after TAVI because the prosthetic valve sometimes does not fit per-
fectly into the native valve due to bulky calcifications. Furthermore,
early PVE normally involves the junction of the sewing ring and

annulus rather than the leaflets alone, leading to valve dehiscence
and paravalvular leak®’. But, can valve dehiscence arise after TAVI,
bearing in mind that the prosthesis is not sutured into the aortic
annulus, but “pressed” into the calcifications of the native aortic
valve resulting in strong adhesion? There is still little experience
about whether a paravalvular leak could progress in the presence of
infective endocarditis with the consequence of prosthetic instabil-
ity. Surveillance TEEs in our own patient 2 suggest that a paraval-
vular leak can possibly recede under antibiotic therapy. Furthermore,
no consensus exists on how an aortic root abscess or a mycotic
aneurysm would appear in the presence of a transcatheter aortic
valve. In our own patient 1, the treating physicians made the diag-
nosis of an aortic root abscess with pseudo-aneurysm after a
CoreValve implantation (Figure 1). In all previously published
cases of CoreValve endocarditis'®2""» there were also relatively
large echolucent spaces detectable between the prosthesis and the
posterior aortic wall which might represent abscess cavities. Huan
et al® present images of a surveillance TEE demonstrating a signifi-
cant increase of this echolucent space (which the authors do not
discuss) suggesting that it might indeed represent an abscess forma-

9 <.

tion. In conclusion, the echocardiographic criteria “abscess”, “new
partial dehiscence of prosthetic valve” and “new valvular regurgita-
tion” verifying the diagnosis of infective endocarditis are not easily
applicable in the context of TAVI. On the other hand, a paravalvular
leak is known to be a risk factor for endocarditis after surgical AVR,
and the space between transcatheter and native aortic valve might
be a particularly suitable nidus for pathogens during transient bac-
teraemia. Two previously described cases of post-TAVI PVE?*
and four of our own cases were indeed associated with suboptimal
positioning of the prosthesis resulting in mild to moderate paraval-
vular aortic regurgitation. Incipient vegetation in the free space
between transcatheter and native aortic valve, between extensive
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Table 3. Procedural parameters in patients who developed PVE in comparison to the total cohort.

Echocardiographic
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findings at baseline i T,
EF (%) 38 30 50 60 50 49.7+11.8
V max (m/s) 34 49 5.6 6.0 44 4.1+0.8
P max (mmHg) 46 9 124 141 76 71.5+27.2
P mean (mmHg) 29 54 78 87 39 43.1£16.9
AVA (cm?) 0.8 0.4 0.5 0.6 0.5 0.69+0.28
AR (none, mild, moderate, mild mild moderate moderate to severe mild none: 16.6%, mild: 53%,
severe) moderate: 27%,

severe: 3.4%
Extent and localisation of severe symmetric | moderate asymmetric | severe asymmetric severe asymmetric severe asymmetric | not evaluated for total
calcification calcification, calcification, calcification, calcification, calcification, cohort
particularly aortic particularly particularly particularly particularly

commissures non-coronary cusp non-coronary cusp non-coronary cusp non-coronary cusp

TEE short-axis views on native
aortic valve

Procedural features ‘

Volume of contrast medium (ml) 240 60 60 200 80 116.1+71.1
Fluoroscopy time (min) 23.20 14.1 153 8.7 11.03 12.1£9.4
Incision-to-closure time (min) 97 55 58 101 65 90.1+45.7
Angiographic AR directly after trivial mild moderate severe (deployment trivial not evaluated
initial valve deployment balloon bursts under

valve expansion due to
severe calcification)

Post-TAVI balloon dilation none none once once (balloon bursts none
again)
Post-procedural angiographic AR trivial mild mild mild to moderate trivial not evaluated
Ventilation time (h) none (procedure 768 3.25 3.7 2.4 3 (median)
under conscious
sedation)
Days between procedure and 9 v 8 29 17 13.9+10.7
discharge

Echocardiographic findings
at discharge

V max (m/s) not performed 3.0 2.3 1.96 2.5 2.1+£0.47

P max (mmHg) 36 21.2 17.3 25 20.7+7.9

P mean (mmHg) 14 11 8.7 12.5 10.5+£5.0

AVA (cm2) 1.55 14 1.5 1.62 1.61+0.45

AR (none, mild, moderate, mild (angiography) moderate mild moderate trivial none: 44.4% mild:
severe) 48.3% moderate: 7.3%

calcifications and prosthetic material, would be particularly diffi-  complicating the confirmation of a diagnosis, but PVE might well
cult (if at all) to detect by TEE. have been the focus of septicaemia. Furthermore, in a significant pro-
Second, IE is a heterogeneous disease with highly variable clinical ~ portion of deaths during follow-up (n=10) no distinct diagnosis was
presentations, and an atypical presentation is common in elderly = made, but death was attributed to “old age and bad clinical condi-
patients'. This fact might also lead to a significant delay of diagnosis  tion”. However, without further diagnostics the patient presented in
or misdiagnosis resulting in a fatal outcome. For example, two addi-  case 5 could also have ended up in this group, but antibiotic treatment
tional patients in our own series died during follow-up due to septic  led to a remarkable improvement of her clinical condition.
shock of unknown origin shortly after hospital admission. Neither Taken together, our five cases of post-TAVI PVE and the previ-
blood cultures were taken nor TEE performed in these patients  ously described 10 cases, seven precise case reports on infective




Tahle 4. Compilation of previously published case reports.

arnero-Alcazar et

Castiglioni et

Wong et al”* Comoglio et al” al® Gotzmann et al” Head et al”? Huanetal® | Crissoheris etal®| Rafiq etal” al®
Patient male, 88y male, 66y female, 83 y male, 81y male, 78y male, 85y male, 84y female, 64y male, 73y male, 81y
log. EuroSCORE 35% not reported not reported 40% not reported 26% 24% not reported 6.6% (M. Osler) 29%
Type of prosthesis Edwards SAPIEN 26 mm CoreValve 29 mm Edwards SAPIEN 23 mm | CoreValve 29 mm Edwards SAPIEN CoreValve 29 mm | CoreValve 29 mm CoreValve Edwards SAPIEN CoreValve
26 mm 29 mm
Approach transfemoral transfemoral transapical transfemoral transfemoral transfemoral transfemoral transfemoral transfemoral transfemoral
Time between TAVI | 11 months 3 months 3 months 19 months 12 months 9 months 80 days 2 months 12 months 6 months
and hosp. for PVE
Delay of diagnosis | none 2 months none none 6 months 5 months none none 2 months none
Type of PVE early-onset early-onset early-onset late-onset early-onset early-onset early-onset early-onset early-onset early-onset
Level of diagnosis Definite diagnosis Definite diagnosis Definite diagnosis Definite diagnosis Definite diagnosis | Possible diagnosis | Possible diagnosis | Definite diagnosis | Definite diagnosis | Definite
(modified Duke (pathologic criteria, nodular | (pathologic criteria, (pathologic criteria; (criteria IB, 1A, a, b) | (pathologic (criteria IIA, a, e) (criteria IB, a, b) (criteria IB, 1A, @) | (pathologic diagnosis
criteria (14)) endocarditic excrescences vegetation on explanted | postmortem analysis criteria, vegetation criteria and (criteria IA, I1A,
on explanted prosthesis) prosthesis; no visible showed large with Histoplasma intra-operative a, b)
annular involvement) vegetation and fistula capsulatum on evidence of
between the LVOT and explanted abscess cavity)
the RA) prosthesis)
Echocardiographic | severe MR due to ruptured Pseudo-aneurysm of the | large vegetation on the | paravalvular leaks very late vegetation on stable paravalvular | No vegetation in paravalvular vegetation
indings aneurysm of the anterior posterior aortic annulus; | aortic side of the with fistula between | appearance of aortic valve AR, no vegetation TTE and TEE, but | abscess, (8 mm)
mitral valve leaflet, possible | severe MR due to prosthetic valve LVOT and LA extensive large prosthesis; echo-free space dehiscence of the | attached to the
satellite infectio ruptured aneurysm of (complete aortic root | vegetation possible within the wall of | aortic device and | aortic
vegetation on aortic valve the anterior mitral valve destruction), large pseudoaneurysm the ascending severe prosthesis
prosthesis not detectable by | leaflet, possible satellite mobile vegetation on of the posterior aorta at the level paravalvular
TEE infection; vegetation on the prosthetic stent aortic annulus of the prosthetic leakage; no
aortic valve prosthesis stent vegetation
not detectable by TEE
Predisposing prosthesis positioned too prosthesis positioned too | chronic renal failure, PCI (RCA) through not reported diabetes, repeated attempts | immuno- dental treatment | colonoscopy
conditions (apart low into the LVOT, thereby low into the LVOT, repetitive urine the prosthetic stent new pacemaker of CoreValve suppression with lack of without prior
from prosthetic causing injury of the thereby causing injury of | infections as possible 4 weeks before PVE implantation implantation with (azathioprine) due | endocarditis antibiotic
aortic valve) anterior mitral valve leaflet | the anterior mitral valve | portal of entry as possible portal of directly after TAVI | retraction out of the | to myasthenia; no | prophylaxis 2 prophylaxis 2
at the contact point of the leaflet at the contact entry sheath and perioperative months before months before
ventricular edge of the point of the ventricular re-crimping antibiotic diagnosis; need of | PVE
metal frame, dental visit edge of the metal frame prophylaxis up to 4 units of
with lack of endocarditis blood transfusions
prophylaxis 6 weeks before per week due to
PVE as possible portal of Osler-syndrome;
entry HBV infection
Device function mild to moderate AR minimal central AR mild paravalvular not reported not reported mild to moderate not reported mild AR moderate AR
directly after TAVI AR paravalvular AR
Pathogen (blood Streptococcus angiosus Corynebacterium (1 Enterococcus faecalis Staphylococcus negative blood Enterococcus Staphylococcus Moraxella negative blood Staphylococcus
cultures) single blood culture) lugdunensis cultures; elevated | faecium (1 single | epidermidis nonliquefaciens cultures and aureus
titre serology; blood culture) sterile explanted (methicillin-
Histoplasma valve sensitive)
capsulatum on
explanted valve
Treatment surgery surgery medical medical surgery medical medical medical surgery medical
Outcome alive died died alive alive alive alive alive alive
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endocarditis in CoreValve devices and eight on Edwards SAPIEN
PVE have now been published. Four of the 15 patients died of
endocarditis (two of seven after CoreValve PVE and two of eight
after Edwards SAPIEN PVE) emphasising the seriousness of pros-
thetic valve endocarditis.

Many of these reported patients met indications for surgery such
as locally uncontrolled infection (abscess, pseudoaneurysm, fis-
tula), vegetation >10 mm or heart failure', but this specific patient
population had already been considered too high a risk for open-
heart surgery before TAVI. However, surgery was successfully per-
formed in four of the 10 cases found in the literature®*?>** and all
of those patients survived. Although little is known about the pro-
cess of neo-endothelialisation and myofibroblast ingrowth in tran-
scatheter valves, the authors did not report on any serious difficulties
in replacing the dysfunctional TAVI devices. Also, three of the four
patients who died had clear indications for surgical therapy
(abscesses, fistulas, pseudoaneurysms) but were not accepted for
open-heart surgery due to prohibitively high risk.

In summary, it is indispensable to be vigilant for PVE after TAVI.
Antibiotic prophylaxis should be administered strictly, e.g., before
dental treatments. The PVE risk may be even higher in this specific
patient population because of advanced age and numerous comor-
bidities. Furthermore, TAVI patients might be more vulnerable for
PVE due to the frequent occurrence of paravalvular leakage as a
nidus for infection. Additionally, three of four diagnostic echocardio-
graphic criteria (“abscess”, “new partial dehiscence of prosthetic
valve” and “new valvular regurgitation™) are not easily applicable in
the context of TAVI, thus complicating the correct diagnosis. The
level “definite diagnosis™ according to the modified Duke criteria'* is
therefore difficult to reach in this setting. Current guidelines do not
deal with the problem of infectious endocarditis in transcatheter aor-
tic valves'. In our opinion, positive blood cultures, symptoms com-
patible with endocarditis and the absence of another focus of infection
require the early initiation of an endocarditis-specific antibiotic treat-
ment in TAVI patients, even if echocardiography is inconclusive. In
this specific patient cohort, the diagnosis of prosthetic valve endocar-
ditis strongly depends on the evidence of bacteraemia by means of
positive blood cultures, which should therefore be drawn repeatedly.
Further experience of TEE interpretation in suspected transcatheter
valve endocarditis is needed.
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