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Abstract

Transcatheter aortic valve implantation (TAVI) is a minimally invasive procedure to treat severe aortic stenosis in select patients. Patients
who have undergone TAVI are at high risk of infective endocarditis (IE), especially during the first year post-operation. Early diagnosis
of IE is essential to initiate targeted antibiotic therapy and/or surgical intervention. However, the early detection of IE following TAVI
poses significant diagnostic challenges. Current imaging techniques, including echocardiography, nuclear imaging, and magnetic res-
onance imaging, have varying degrees of sensitivity and specificity, each with inherent limitations. Nuclear imaging modalities, such
as positron emission tomography/computed tomography using **F-fluorodeoxyglucose (**F-FDG PET/CT) and white blood cell single
photon emission computed tomography/computed tomography (WBC SPECT/CT), have shown promise in early IE detection, partic-
ularly due to the ability of these methods to identify metabolic and anatomical abnormalities. However, false-positive results related
to post-operative inflammation complicate data interpretation, and limited data exist for using these methods in very early IE detection
post-TAVI. Intracardiac echocardiography (ICE) offers enhanced visualization of prosthetic valve leaflets, but the invasive nature of ICE
restricts its widespread use. Whole-body imaging, such as *3F-FDG PET/CT, facilitates the identification of distant lesions and systemic
complications, aiding diagnosis and treatment decisions. Diagnosing IE after TAVI is especially challenging within the first 60 days
post-procedure, a critical period when imaging findings may be inconclusive due to false negatives or limited availability of advanced
modalities. This review underscores the diagnostic complexity of very early and early (0-60 days) IE post-TAVI, emphasizing the need
for a multimodal imaging approach to overcome the limitations of individual modalities. Nonetheless, early antimicrobial therapy should
be considered even without definitive imaging findings, highlighting the importance of clinical vigilance in managing this challenging
condition.
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1. Introduction

Transcatheter aortic valve implantation (TAVI) has
emerged as a vital, minimally invasive intervention for
severe symptomatic aortic stenosis, particularly in older
patients (aged >75) deemed high-risk for surgical aortic
valve replacement (SAVR) [1]. The popularity of TAVI has
surged recently, as this technique has expanded to include
younger patient populations, prompting an expectation of
even greater increases in TAVI procedures [2—4]. This
trend is bolstered by ongoing randomized clinical trials,
such as TAVR UNLOAD (NCT02661451), PROGRESS
(NCT04889872), and the Evolut™ EXPAND TAVR II Piv-
otal Trial (NCT05149755), which aim to demonstrate sig-
nificant survival benefits [5]. Although the TAVR UN-
LOAD trial did not show a significant survival advan-
tage compared to conservative management in patients with
moderate aortic stenosis and heart failure with reduced ejec-
tion fraction (HFrEF), it did highlight the potential for
quality-of-life improvements, especially in symptomatic
patients. As clinical understanding continues to evolve,
there is a growing belief that even symptomatic moderate
aortic stenosis may necessitate intervention [6].

Infective endocarditis (IE) refers to the inflammation
of the endocardium, which is the inner lining of the heart.
The intact, healthy endocardium is typically resistant to
bacterial seeding [7]. However, the development of in-
fectious endocarditis necessitates initial endocardial injury,
followed by bacteremia [8]. Among the serious complica-
tions associated with TAVI, prosthetic valve endocarditis
(PVE) poses a considerable risk, with studies revealing a
one-year incidence of IE ranging from 0.2% (in the PART-
NER 3 trial) to 3.1% (in a Danish cohort of 509 patients)
[9,10]. Both patient-related and procedural-related risk fac-
tors significantly contribute to the development of IE fol-
lowing TAVI [11].

The timing of IE post-TAVI, concerning the proce-
dure, can be categorized as very early (within 30 days),
early (within 30-60 days), intermediate (between 60 and
365 days), or late (after 365 days) [12]. Nonetheless,
accurate diagnosis is crucial, as it dictates the initiation
of targeted antibiotic therapy and potential surgical inter-
vention [13]. However, diagnosing IE in TAVI patients
can be particularly challenging due to the elusive nature
of vegetation and the need for advanced imaging tech-
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niques [14]. The European Society of Cardiology (ESC)
has modified diagnostic criteria incorporating additional
imaging modalities to aid this endeavor [15,16]. Mean-
while, imaging techniques such as transthoracic (TTE) and
transesophageal echocardiography (TEE/TOE) remain the
cornerstone for initial evaluation. However, additional
modalities, including computed tomography (CT), car-
diac computed tomography angiography (CTA), magnetic
resonance imaging (MRI), and nuclear imaging such as
positron emission tomography/computed tomography us-
ing 8F-fluorodeoxyglucose (**F-FDG PET/CT) and single
photon emission tomography/computed tomography with
white blood cell (WBC SPECT/CT) labeling, are becoming
increasingly utilized. Furthermore, intracardiac echocar-
diography (ICE) is emerging as a valuable tool in this con-
text. Despite modifications, diagnosing very early and early
IE after TAVI remains challenging.

Given the elevated in-hospital and 30-day mortality
rates associated with IE, largely attributable to advanced
age and multiple comorbidities, early suspicion and diag-
nosis are paramount [17]. Antimicrobial therapy for IE
post-TAVI is similar to that of PVE. Therefore, in cases
where PVE is highly suspected, it is vital to initiate appro-
priate antibiotic treatment without delay [ 18]. Additionally,
when complications arise from IE, surgical intervention is
regarded as the optimal management strategy [15].

This review focuses on the diagnostic challenges of
very early and early onset IE following TAVI, moving be-
yond a mere outline of diagnostic and therapeutic strategies.
It emphasizes the critical role of specific imaging modali-
ties in detecting IE in patients who have recently undergone
TAVI, while addressing the current limitations inherent with
these approaches.

2. Diagnostic Criteria for IE and Clinical
Features of IE Post-TAVI

IE is primarily diagnosed based on the modified major
and minor Duke criteria. The major criteria include pos-
itive blood cultures and evidence of endocardial involve-
ment with echocardiography; meanwhile, the minor criteria
encompass predisposing heart conditions or injection drug
use, fever with a temperature >38 °C, vascular phenom-
ena, immunologic phenomena, and microbiological evi-
dence [19]. For prosthetic valve IE, the diagnosis follows
these criteria, with a greater emphasis on using TEE due to
the superior ability of this method to visualize prosthetic
valves and associated complications, such as paravalvu-
lar abscesses or dehiscence [19]. Specifically, detecting
small vegetation in post-TAVI IE is limited due to the large
amount of metal in the valve, which causes reflectance
and shadowing effects [20]. Therefore, the 2023 European
guidelines have incorporated various imaging techniques
into the diagnostic criteria, offering better imaging inves-
tigation to diagnose PVE accurately and, subsequently, IE
post-TAVI [15].

Patients with IE post-TAVI may exhibit vague com-
plaints and nonspecific symptoms, leading to delays in di-
agnosis and appropriate management [21]. Fever (71.7%)
and heart failure (58.5%), along with nonspecific symptoms
such as malaise and fatigue, are among the most common
symptoms of IE post-TAVI [22,23]. Specific symptoms
resulting from septic emboli include neurological symp-
toms; meanwhile, the less commonly observed symptoms
include cutaneous stigmata, local chills, loss of appetite,
macrophage activation syndrome, and limb ischemia due
to septic emboli [23]. Although the modified Duke criteria
demonstrate high sensitivity for diagnosing native valve en-
docarditis (NVE), the sensitivity of these criteria is reduced
in cases of PVE [24]. In a comparative study of Duke cri-
teria and those of the ESC, which incorporate multimodal
imaging, the Duke criteria exhibited a sensitivity of only
50%. In contrast, the modified ESC criteria exhibited a
sensitivity of 100% [25]. A summary of the modified ESC
criteria can be found in Appendix Table A1, adapted from
Delgado et al. [15].

3. Risk Factors of IE Post-TAVI

TAVI entails an elevated risk of IE. The incidence
of IE post-TAVI ranges from 0.3 to 1.9 per 100 patient—
years, with one recent study reporting a lower incidence
of IE post-TAVI at approximately 3—10 per 1000 patient—
years [15,26]. This risk is particularly elevated in the first
year post-procedure, with a notable increase within the ini-
tial 3 months [27,28]. Both patient-related and procedural-
related risk factors significantly contribute to developing IE
following TAVI [11].

Patient-related factors, such as younger age, male sex,
and comorbidities, including diabetes mellitus, chronic ob-
structive pulmonary disease, chronic kidney disease, pe-
ripheral arterial disease, and an elevated body mass in-
dex, all contribute to increased risk [29,30]. Indeed, a
recent meta-analysis comprising over 68,000 patients re-
vealed that older age was linked to a significantly reduced
risk of IE post-TAVI [31]. One proposed explanation is
that younger patients undergoing TAVI exhibit more pro-
nounced comorbidities compared to their older counterparts
[28]. Meanwhile, the lower occurrence of IE post-TAVI in
females has been attributed to the protective effects of es-
trogen on the vascular endothelium [32]. However, further
studies are needed to examine the underlying mechanisms
thoroughly. While most studies identify male sex as a risk
factor for IE post-TAVI, a recent retrospective cohort study
showed a similar occurrence between the two genders [29].

Procedural-related factors, such as orotracheal or na-
sotracheal intubation, heighten the risk of IE post-TAVI
due to potential bacteremia following intubation [33].
Additional procedural-related risk factors include resid-
ual aortic regurgitation, significant paravalvular leak, and
high-degree atrioventricular block post-TAVI, necessitating
pacemaker implantation [14,24,34].
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It is also important to thoroughly discuss the risk fac-
tors specific to very early IE post-TAVI since this clinical
entity is more challenging to diagnose early, and limited
literature is available on the subject. A recent retrospec-
tive observational study suggests that female gender is a
risk factor, potentially because women undergoing TAVI
are often older, frailer, and more immunosuppressed [35—
38]. Furthermore, self-expanding valves have been identi-
fied as a risk factor, likely due to their larger stent frame and
the fact that their delivery systems often come into direct
contact with the skin before valve deployment. This con-
trasts with balloon-expandable valves, which are always in-
serted within an external introducer sheath. Sepsis remains
arisk factor as a periprocedural complication. Additionally,
the occurrence of stroke may increase risk, as this condition
requires extensive nursing care and leads to longer hospital
stays, thereby heightening exposure to potential pathogens
[38].

4. Mortality Rates

Recent studies have shown that mortality rates for IE
post-TAVI are higher compared with NVE and SAVR-IE.
More specifically, 1-year mortality rates for IE post-TAVI
range from 40% to 45.6%, while the rates for SAVR-IE
range from 23.1% to 32.8%, and for NVE, the rates are ap-
proximately 15% to 30% [39—43]. It is important to high-
light that very early IE is associated with the highest mor-
tality rate among patients with IE post-TAVI [38]. How-
ever, the mortality rate of IE can also be influenced by mi-
croorganisms, with certain organisms being associated with
higher mortality rates compared to others [44,45].

5. Microorganisms

Indeed, Gram-positive bacteria are frequently impli-
cated in most reports detailing IE post-TAVI [46]. Ac-
cording to a recent systematic review and meta-analysis,
Streptococcus spp. (25.3%), Staphylococcus spp. (25.3%),
and Enterococcus spp. (24.1%) were the most commonly
identified pathogens causing IE after TAVI [47]. Notably,
Staphylococcus aureus and Enterococcus faecalis were the
dominant species, comprising 60% and 65.8% of cases,
respectively [48]. Interestingly, Staphylococcus aureus,
most commonly methicillin-resistant, represented the pri-
mary pathogen in very early IE post-TAVI, followed by en-
terococci organisms as the second most common pathogens
[38]. The predominance of Staphylococcus aureus in very
early IE post-TAVI is due to its natural colonization of the
skin, its role as a healthcare-associated pathogen, procedu-
ral contamination risks, inadequate prophylactic antibiotic
coverage, and its biofilm-forming ability on prosthetic sur-
faces. Therefore, addressing this issue may involve improv-
ing perioperative aseptic protocols, re-evaluating antibiotic
prophylaxis to include coverage for MRSA, and adopting
strategies to minimize procedural contamination [38].
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6. Imaging Techniques

Before we thoroughly analyze the imaging techniques,
it is worth mentioning that transcatheter valve prostheses
contain leaflets with a higher metal quantity in the stent
frame compared to surgical valves [32]. However, no veg-
etation may be detected in 38-60% of cases [14]. Vege-
tations are typically located in the stent frame of the tran-
scatheter valve, rather than on the valve leaflets, in 12% of
cases. This rate increases to 19% in the presence of some
self-expanding valve systems with a longer stent frame that
occupies the ascending aorta [49]. Additionally, vegeta-
tions are found outside the transcatheter valve in about one-
third of cases, primarily at the mitral valve level [14]. Ta-
ble 1 summarizes the imaging techniques, their indications,
strengths, and challenges for diagnosing infective endo-
carditis post-TAVI.

6.1 Transthoracic/Transesophageal Echocardiography

Echocardiography serves as the primary imaging
modality for diagnosing IE post-TAVI, regardless of the
timing of the disease, whether it is very early, early, inter-
mediate, or late. Meanwhile, for NVE, TTE demonstrates a
sensitivity of approximately 71% and a specificity of 80%
[50]. In contrast, TEE offers superior diagnostic accuracy,
with sensitivities ranging from 87% to 100% and specifici-
ties between 91% and 100% [51-53]. However, in cases of
PVE, the sensitivity of TTE diminishes to 36-69%, while
TEE maintains a higher sensitivity, reported between 86%
and 100% [51,54]. However, using TTE and TEE to detect
small vegetations or paravalvular abscesses is challenging
due to the shadowing effect and reflectance of prosthesis
material. Moreover, detecting incipient vegetation in the
free space between the transcatheter and native aortic valve,
amidst extensive calcifications and prosthetic material, is
particularly challenging using TTE and TEE, if even possi-
ble [55]. TTE and TEE may also be unable to differentiate
between vegetations and fibrous strands or thrombi [28].
Fig. 1a,b illustrates the concepts mentioned above.

Despite these challenges, while TTE is recommended
as the initial imaging procedure for all patients suspected
of having NVE or PVE, it does not hold the status of the
gold standard [56]. In all cases of alleged PVE, TEE re-
mains essential for valvular hemodynamics assessment and
the potential detection of vegetation, abscess, or fistula. To
conclude, TEE is strongly recommended in patients with an
inconclusive TTE, in those with a negative TTE and a high
suspicion of IE, in all patients with clinical suspicion when a
prosthetic valve or an intracardiac device is present, as well
as in patients with a positive TTE to document local compli-
cations [15]. It is worth mentioning that echocardiography
is necessary in any case of bacteremia with Staphylococcus
aureus [15]. Moreover, the echocardiographic examination
must be repeated after five to seven days in case of uncon-
firmed but highly suggestive PVE [56].
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Table 1. Imaging techniques: indications, strengths, and challenges.

Imaging technique

Indications

Strengths

Challenges

TTE/TOE

Cardiac CT

CTA

18F_FDG PET/CT(A)

(99mTc-HMPAO) SPECT/CT

MRI

ICE

Primary imaging modality for diagnosing IE post-
TAVL

Assessing complications, such as abscesses or fis-
tulas, in IE post-TAVIL.

Evaluation of vegetations, mycotic aneurysms, ab-

scesses, and paravalvular leakage.

Detecting early-stage infection, monitoring

metabolic activity in [E post-TAVIL.

When FDG-PET/CT is unavailable or unreliable
due to early post-operative inflammatory changes.
Superior specificity in diagnosing PVE compared
to 18F-FDG PET/CT.

Assessing valve function and detecting abscesses
or thrombus post-TAVI.

Detection of early or very early-stage vegetations

and complications post-TAVI.

o TEE is superior to TTE for detecting vegetation and com-
plications

o TEE offers higher sensitivity and specificity for PVE

e Superior for detecting perivalvular/periprosthetic compli-
cations

e High anatomical detail

e Comprehensive imaging of both vascular and valve
anatomy

e Non-invasive

e High sensitivity

e Can detect metabolic changes before structural damage
e Effective in identifying infection at 1 month post-TAVI
e High specificity for early-stage infection

e Can distinguish between normal post-surgical inflamma-
tion and infection

o Excellent soft tissue contrast

e Good for monitoring myocardial involvement

o High-resolution imaging of prosthetic valve structures

e Direct visualization of vegetation

e Artifacts from the prosthetic stent

e Differentiation of vegetation vs. fibrous stand vs. thrombus
e Limited use in detecting complications

o Artifacts from the prosthetic stent

o Differentiation of vegetation vs. thrombus
o Not reliable the first month after TAVI

e There is no clear reliability in the very early post-TAVI period

e Accumulation may be diminished in drained or encapsulated
abscesses

e Lower spatial resolution

e Signal voids

e Invasive procedure

e Not widely used

99mTc-HMPAO, technetium-99m-hexamethylpropyleneamineoxime-labeled leukocytes; MRI, magnetic resonance imaging; ICE, intracardiac echocardiography; ®F-FDG PET/CT, positron emission tomogra-
phy/computed tomography using 18F-fluorodeoxyglucose; TAVI, transcatheter aortic valve implantation; TTE, transthoracic echocardiography; TOE, transesophageal echocardiography; TEE, transesophageal echocar-

diography; PVE, prosthetic valve endocarditis; IE, infective endocarditis; CTA, computed tomography angiography; SPECT, single photon emission computed tomography.


https://www.imrpress.com

Fig. 1. Infective endocarditis of a prosthetic aortic valve. (a) Mid-esophageal aortic valve short-axis view of vegetation at the 12

o’clock position (yellow arrow) in the stent frame of the transcatheter valve, along with a paravalvular leak (green arrows). (b) Mid-

esophageal aortic valve long-axis view. Same patient. Blue arrows show the shadowing effect and the reflectance of the prosthetic valve.

TEE, transesophageal echocardiography.

6.2 Cardiac Computed Tomography and Computed
Tomography Angiography

Cardiac CT is another imaging modality that can as-
sist in diagnosing IE following TAVI, regardless of the tim-
ing of the disease, by providing superior visualization of
its complications. Cardiac CT is superior to TEE in accu-
rately diagnosing perivalvular and periprosthetic complica-
tions of IE. Moreover, cardiac CT may be useful in identify-
ing these crucial complications in cases where a paravalvu-
lar abscess, pseudoaneurysm, or fistulae is suspected with
equivocal findings from TEE [57,58]. Nonetheless, TEE re-
mains the gold standard for detecting valvular lesions, par-
ticularly small vegetations (<10 mm) [58]. Additionally,
it is important to note that TEE demonstrates superior ac-
curacy compared to cardiac CT in detecting leaflet perfora-
tions [59].

CTA can be utilized as a diagnostic imaging tech-
nique for assessing IE post-TAVI, irrespective of the tim-
ing of onset, enabling the visualization of features such
as vegetations, mycotic aneurysms, abscesses, paravalvu-
lar leakage, and valve dehiscence. However, recognizing
the inherent challenges when interpreting valvular abnor-
malities on CTA remains crucial since artifacts from pros-
thetic stent materials may pose challenges in accurately as-
sessing valvular irregularities, potentially resulting in false-
negative outcomes. Furthermore, post-TAVI leaflet throm-
bosis, also known as hypoattenuating leaflet thickening
(HALT), may occur even in patients receiving anticoagu-
lation therapy, adding another layer of complexity to the
interpretation. Indeed, the possibility of misinterpreting
HALT as vegetation must be considered, as it can result in
false-positive CTA findings [60].

It is also important to acknowledge that contrast-
induced nephropathy is typically reversible, often present-
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ing as a mild reduction in the glomerular filtration rate
(GFR), which improves within three to seven days; most pa-
tients return to or near their baseline estimated GFR. How-
ever, individuals with advanced renal failure may require
temporary dialysis following contrast administration [61].
Therefore, performing CTA can contribute to the diagnosis
in cases where echocardiography provides equivocal find-
ings.

6.3 Nuclear Imaging: ‘®*F-FDG PET/CT

8F_.FDG PET/CT was incorporated into the ESC
modified criteria to enhance sensitivity [15]. The most re-
cent meta-analysis found that this imaging method had a
sensitivity of 86% [62]. Thus, abnormal FDG uptake can
be observed before the manifestation of infectious damage
in echocardiography by assessing metabolic tissue activity.
This underscores the capability of 18F-FDG PET/CT to de-
tect infection before significant damage has occurred [63].
Increased metabolic activity in the heart can mimic the pat-
terns seen in IE due to the inflammatory response following
TAVI. This heightened metabolic activity can potentially
lead to false-positive interpretations on *F-FDG PET/CT
scans [63]. While the ESC guidelines recommend perform-
ing '"®F-FDG PET/CT three months after cardiac surgery to
reduce the risk of false-positive results related to the post-
operative inflammatory process [64], limited data exist for
very early IE post-TAVI. Indeed, recent data suggest that
18F_FDG PET/CT can be accurately used at least one month
after TAVI to diagnose IE post-TAVI, owing to the distinct
FDG uptake patterns observed during this period. Specif-
ically, circumferential or hemi-circumferential uptake rep-
resents a normal post-TAVI pattern, whereas focal or multi-
focal uptake strongly suggests definite [IE-TAVI, enhancing
diagnostic specificity [65].


https://www.imrpress.com

Furthermore, '8F-FDG PET/CT imaging presents
technical challenges, including adequate patient prepara-
tion. This typically involves fasting at least 6 hours before
the procedure and heparin administration to minimize false-
positive results and optimize imaging quality [66]. Addi-
tionally, it is crucial to ensure that the patient has proper
blood glucose control, as elevated levels can interfere with
the accuracy of the FDG uptake assessment. Moreover,
PET/CT has limitations in detecting small foci during in-
flammation, which may result in false-negative findings,
particularly in early-stage infections. Studies have also
highlighted that PET imaging may not be as effective in
detecting localized infection in patients with low-grade in-
flammatory responses [67].

Combining PET/CT acquisition with CT angiography
(PET/CTA) enables the detection of both metabolic find-
ings (such as '®F-FDG uptake distribution and intensity)
and anatomical findings (related to infective endocarditis
lesions) within a single imaging procedure [60,68].

6.4 White Blood Cell SPECT/CT

WBC SPECT/CT is an alternative nuclear imaging
technique for diagnosing IE, when PET/CT is unavailable
and in inexperienced centers, with a sensitivity of 64—
90% [15]. WBC SPECT/CT, specifically using technetium-
99m-hexamethylpropyleneamineoxime-labeled leukocytes
(99mTc-HMPAO), is a highly specific imaging modality for
diagnosing infections, including IE, even within the first
month after TAVI. Moreover, WBC SPECT/CT can effec-
tively differentiate between normal post-surgical inflamma-
tory uptake and abnormal patterns indicative of infection.
Studies have demonstrated its specificity—up to 100%—in
early post-operative settings when other imaging methods,
such as '®F-FDG PET/CT, may be less reliable due to non-
specific inflammatory changes. WBC SPECT/CT can be
used to diagnose both intracardiac and extracardiac infec-
tions [69].

Thus, WBC SPECT/CT has emerged as a valuable
tool in reducing the number of misdiagnosed cases of IE,
previously classified as “possible IE” by the modified Duke
criteria, with a significant decrease of 27% [70]. This imag-
ing technique demonstrates high specificity in identifying
active infective processes in perivalvular regions, and, as
mentioned, shows superior specificity in diagnosing PVE
compared to '®F-FDG PET [71]. However, it is essential
to recognize that WBC accumulation may be diminished
in certain conditions, such as in drained or encapsulated
abscesses or non-pyogenic bacterial infections. This high-
lights the importance of using WBC SPECT/CT in the ap-
propriate clinical context to maximize diagnostic accuracy
[72].

6.5 Magnetic Resonance Imaging

While MRI is a common modality in diagnosing
stroke and embolic events, its role in diagnosing IE is lim-
ited [15]. Especially in PVE, the value of MRI is low due to

artifact interference. Nevertheless, in cases with high clin-
ical suspicion of IE, cardiac MRI can provide valuable di-
agnostic and prognostic information by depicting features
such as antegrade and retrograde dissemination, paravalvu-
lar tissue extension, and subendocardial and vascular en-
dothelial involvement for delayed contrast-enhanced im-
ages [73]. Despite its potential, cardiac MRI is not a re-
placement for echocardiography but a complementary tool
in specific scenarios. Additionally, the diagnostic potential
of MRI is constrained by a lower spatial resolution than car-
diac CT, and signal voids from certain prostheses may hin-
der the precise evaluation of the prosthetic valve anatomy
and function [74].

6.6 Intracardiac Echocardiography

ICE is a valuable tool for diagnosing IE post-TAVI,
particularly in the early and very early stages. ICE
presents a distinct advantage by directly visualizing pros-
thetic valve leaflets on the endocardial surface, overcom-
ing challenges posed by acoustic shadowing from metal-
lic stent frames. While TTE and TEE are commonly used,
ICE provides real-time, high-resolution imaging, offering
greater sensitivity and specificity when evaluating valvular
and perivalvular structures [75]. In cases of early IE post-
TAVI, ICE is particularly useful for identifying vegetations,
abscesses, and complications such as valve perforations or
pseudoaneurysms. Vegetations, a hallmark of IE, appear as
oscillating or non-oscillating masses on the valve leaflets
and are often better visualized using TEE or ICE compared
to TTE, especially in the context of complex intracardiac
structures, such as prosthetic valves [75].

Despite this, the major drawback lies in the invasive
nature of the procedure. Typically performed via venous ac-
cess to mitigate vascular complications, ICE becomes more
complex in aortic valve prosthesis endocarditis, necessitat-
ing arterial access and elevating the risk of vascular com-
plications. Additionally, the retrograde introduction of the
ICE catheter across the aortic arch introduces potential risks
such as aortic wall injury, dissection, or stroke. While theo-
retically possible, there have been no reported instances of
embolization of vegetation by the ICE catheter, despite its
proximity to the infected valve endocardial surface [76,77].

In summary, ICE offers superior imaging for detect-
ing and assessing the complications of IE early in the dis-
ease process. Moreover, ICE allows clinicians to accurately
monitor patients and intervene promptly when other imag-
ing modalities are limited.

6.7 Detection of Distant Lesions

Identifying distant lesions represents a minor diagnos-
tic criterion, crucial for achieving a more conclusive, def-
inite, or rejected IE diagnosis, and plays a significant role
in guiding treatment decisions. Whole-body and brain CT
scans offer valuable insights into systemic complications of
IE, including septic emboli [78,79]. MRI, boasting higher
sensitivity than CT, excels in detecting neurological lesions,
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Fig. 2. Proposed algorithm for diagnosis of IE post-TAVI. CT, computed tomography; ‘*F-FDG, '®F-fluorodeoxyglucose; PET,
positron emission tomography; WBC SPECT, white blood cell single photon emission tomography; TTE, transthoracic echocardiogra-

phy; TEE, transesophageal echocardiography; IE, infective endocarditis; TAVI, transcatheter aortic valve implantation; ICE, intracardiac

echocardiography; CTA, computed tomography angiography. Fig. 2 was created using draw.io.

thereby improving the diagnosis of neurological complica-
tions in IE patients [79]. Moreover, whole-body *F-FDG
PET/CT imaging proves invaluable in suspected or con-
firmed IE cases, facilitating the identification of distant le-
sions and mycotic aneurysms and pinpointing the site of in-
fection entry [60,80].

Based on the aforementioned imaging techniques, a
proposed algorithm for their use in diagnosing IE post-TAVI
is presented in Fig. 2.

7. Treatment

The treatment approach for IE is multifaceted, involv-
ing both antimicrobial therapy and, in many cases, surgical
intervention.
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In suspected cases of IE, empirical antibiotic ther-
apy should be initiated promptly, even before blood culture
results are available, to cover the most likely pathogens.
Considering the microbiological profile, initial empiri-
cal treatment should encompass effective agents against
methicillin-resistant staphylococci and enterococci. Sub-
sequently, therapy should be tailored to the identified
pathogens once blood cultures and sensitivities are avail-
able. The PVE antibiotic treatment duration should last
longer (>6 weeks) than that of NVE (2-6 weeks), but is
otherwise similar [15].

Surgery is necessary when complications such as heart
failure, uncontrolled infection, established embolism, or a
high risk of embolism are present. The timing of surgical in-
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Table Al. The modified European Society of Cardiology diagnostic criteria for infective endocarditis.

Major criteria

1. Blood cultures positive for IE:

A. Typical microorganisms consistent with IE from two separate blood cultures:

e Oral streptococci, Streptococcus gallolyticus (formerly S. bovis), HACEK group, S. aureus, E. faecalis.

B. Microorganisms consistent with IE from continuously positive blood cultures:

e >2 positive blood cultures of blood samples drawn >12 h apart.

e All 3 or mostly >4 separate blood cultures (with first and last samples drawn >1 h apart).

C. Single positive blood culture for C. burnetii or phase I IgG antibody titer >1:800.

2. Imaging positive for IE:

e Valvular, perivalvular/periprosthetic, and foreign material anatomic and metabolic lesions characteristic of IE detected using

any of the following imaging techniques:
e Echocardiography (TTE and TOE).

e Cardiac CT.

¢ 18F-FDG-PET/CT(A).

e WBC SPECT/CT.

Minor criteria

1. Predisposing conditions (i.e., predisposing heart condition at high or intermediate risk of IE or PWIDs).

2. Fevers with a temperature >38 °C.

3. Embolic vascular dissemination (including those asymptomatic detected by imaging only):

e Major systemic and pulmonary emboli/infarcts and abscesses.

e Hematogenous osteoarticular septic complications (i.e., spondylodiscitis).

e Mycotic aneurysms.
e Intracranial ischemic/hemorrhagic lesions.
e Conjunctival hemorrhages.
e Janeway’s lesions.
4. Immunological phenomena:
e Glomerulonephritis.
e Osler nodes and Roth spots.
e Rheumatoid factor.
5. Microbiological evidence:

e Positive blood culture; however, none of the major criteria noted above are met.

e Serological evidence of active infection with organism consistent with IE.

IE classification

Definite IE:
2 major criteria, or
1 major criterion and at least 3 minor criteria, or
5 minor criteria.

Possible IE:
1 major criterion and 1 or 2 minor criteria, or
3—4 minor criteria.

Rejected IE:

None of the criteria for definite or possible are met at admission with or without a firm alternative diagnosis.

18F-FDG-PET/CT, positron emission tomography/computed tomography using '8F-fluorodeoxyglucose; CT(A), computed tomog-

raphy (angiography); HACEK, Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, and Kingella; 1E, infective endocarditis;

Ig, immunoglobulin; PWIDs, people who inject drugs; TOE, transesophageal echocardiography; TTE, transthoracic echocardiogra-

phy; WBC SPECT/CT, white blood cell single-photon emission computed tomography/computed tomography.

tervention is crucial and should be individualized based on
the clinical condition of each patient: emergency surgery
within 24 hours, urgent surgery within 3—5 days, and non-
urgent surgery within the same hospital admission. The
decision to proceed with surgery in IE post-TAVI patients
should be individualized, balancing the surgical risks and
the prognosis of medical treatment alone [15]. Despite no-

tably high in-hospital mortality rates, very few individuals
with indications for surgery undergo the procedure. This re-
luctance may be attributed to the significant surgical risks
associated with this older population, which often presents
with multiple comorbidities [38]. Nevertheless, current ev-
idence suggests that surgical treatment may provide up to a
20% survival advantage in the first year [81].
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8. Conclusion

Diagnosing IE following TAVI presents challenges.
The complexity of diagnosing infective endocarditis post-
TAVI increases significantly when the condition manifests
early after the TAVI procedure (060 days). Despite ad-
vanced imaging techniques and their diagnostic sensitivity,
a diagnosis of IE in the initial diagnostic examination may
remain possible rather than certain. This is due to falsely
negative imaging findings presented by each modality, as
well as the limited availability or use of certain imaging
techniques.

This review addresses critical gaps in the diagnostic
landscape of TAVI-related IE, focusing on the very early
and early onset of this complication. While previous studies
have primarily centered on clinical outcomes and manage-
ment strategies, our work uniquely emphasizes the diagnos-
tic challenges associated with the early detection of IE [82].
By highlighting the limitations of current imaging modali-
ties, we advocate for a multimodal imaging approach that
synthesizes recent advancements in the field. This perspec-
tive enriches the understanding of TAVI-related IE and of-
fers practical insights for clinicians. Future research should
continue to explore innovative imaging techniques and their
integration into clinical practice to enhance early detection
and improve patient outcomes in this rapidly evolving area.

In conclusion, early detection of IE following TAVI is
vital, as delayed diagnosis can dramatically worsen patient
outcomes. Although imaging techniques play a central role,
their sensitivity is limited, particularly in the early stages of
the disease. Therefore, maintaining a high index of clini-
cal suspicion, prompting microbiological testing, and initi-
ating broad-spectrum empirical antibiotic therapy, includ-
ing coverage for MRSA, is essential for effective manage-
ment. Enhancing diagnostic approaches and refining treat-
ment protocols are critical steps toward reducing mortality
and improving recovery rates in this high-risk patient pop-
ulation.
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