Cardiology

Baishideng Publishing Group Inc



é) World Journal of
Cardiology

Contents Monthly Volume 13 Number 8 August 26, 2021

EDITORIAL

237 ISCHEMIA trial: How to apply the results to clinical practice
Vidal-Perez R, Bouzas-Mosquera A, Peteiro J, Vazquez-Rodriguez JM
ACADEMIC ACTIVITY REPORT

243 Shortened dual antiplatelet therapy in contemporary percutaneous coronary intervention era
Han J, Attar N
EVIDENCE REVIEW

254 Multimodality imaging in the diagnosis and management of prosthetic valve endocarditis: A
contemporary narrative review
Lo Presti S, Elajami TK, Zmaili M, Reyaldeen R, Xu B
REVIEW

271 Potential role of an athlete-focused echocardiogram in sports eligibility
Palermi S, Serio A, Vecchiato M, Sirico F, Gambardella F, Ricci F, lodice F, Radmilovic J, Russo V, D'Andrea A
MINIREVIEWS

298 In-depth review of cardiopulmonary support in COVID-19 patients with heart failure
Raffaello WM, Huang I, Budi Siswanto B, Pranata R

309 Surgical strategies for severely atherosclerotic (porcelain) aorta during coronary artery bypass grafting
Sirin G

325 Angiotensin receptor blocker neprilysin inhibitors
Usuda D, Higashikawa T, Hotchi Y, Usami K, Shimozawa S, Tokunaga S, Osugi I, Katou R, Ito S, Yoshizawa T, Asako S,
Mishima K, Kondo A, Mizuno K, Takami H, Komatsu T, Oba J, Nomura T, Sugita M
ORIGINAL ARTICLE
Case Control Study

340 Association of marital status with takotsubo syndrome (broken heart syndrome) among adults in the
United States
Appiah D, Farias R, Helo D, Appiah L, Olokede OA, Nwabuo CC, Nair N
Clinical Trials Study

348 Nutritional supplement drink reduces inflammation and postoperative depression in patients after off-
pump coronary artery bypass surgery
Matsushita S, Shimada A, Yamamoto T, Minematsu K, Inaba H, Kuwaki K, Amano A

Jaishideng®

WJC | https://www.wjgnet.com I August 26,2021 | Volume13 | Issue8



World Journal of Cardiology
Contents
Monthly Volume 13 Number 8 August 26, 2021
Observational Study
361 Role of coronary angiogram before transcatheter aortic valve implantation
Beska B, Manoharan D, Mohammed A, Das R, Edwards R, Zaman A, Alkhalil M
372 Associations of new-onset atrial fibrillation and severe visual impairment in type 2 diabetes: A multicenter
nationwide study
Kaewput W, Thongprayoon C, Rangsin R, Bathini T, Mao MA, Cheungpasitporn W
Boishiengs WIC | https://www.wjgnet.com I August 26,2021 | Volume13 | Issue8 |



World Journal of Cardiology

Contents

Monthly Volume 13 Number 8 August 26, 2021

ABOUT COVER

Editorial Board Member of World Journal of Cardiology, Alexander E Berezin, MD, MSc, PhD, Professor, Department
of Internal Medicine, Zaporozhye State Medical University, Zaporozhye 69035, Ukraine. aeberezin@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Cardiology (WJC, World | Cardiol) is to provide scholars and readers from
various fields of cardiology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJC mainly publishes articles reporting research results and findings obtained in the field of cardiology and
covering a wide range of topics including acute coronary syndromes, aneurysm, angina, arrhythmias,
atherosclerosis, atrial fibrillation, cardiomyopathy, congenital heart disease, coronary artery disease, heart failure,
hypertension, imaging, infection, myocardial infarction, pathology, peripheral vessels, public health, Raynaud’s
syndrome, stroke, thrombosis, and valvular disease.

INDEXING/ABSTRACTING

The WJC is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed
Central, Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CST]), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020
Journal Citation Indicator (JCI) for WJC as 0.36. The WJ]C’s CiteScore for 2020 is 0.3, and Scopus CiteScore rank
2020: Cardiology and Cardiovascular Medicine is 289/317.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Lin-YuTong Wang, Production Department Director: Xiang Li; Editorial Office Director: Ya-Juan Ma.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Cardiology https:/ /www.wijgnet.com/bpg/getinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1949-8462 (online) https:/ /www.wjgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
December 31, 2009 https:/ /www.wijgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Ramdas G Pai, Dimitrios Tousoulis, Marco Matteo Ciccone https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1949-8462/editorialboard.htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
August 26, 2021 https:/ /www.wignet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJC | https://www.wjgnet.com 111 August 26,2021 | Volume13 | Issue8


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8462/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

4

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4330/ wjc.v13.i8.254

World Journal of
Cardiology

World | Cardiol 2021 August 26; 13(8): 254-270

ISSN 1949-8462 (online)

EVIDENCE REVIEW

Multimodality imaging in the diagnosis and management of
prosthetic valve endocarditis: A contemporary narrative review

Saberio Lo Presti, Tarec K Elajami, Mohammad Zmaili, Reza Reyaldeen, Bo Xu

ORCID number: Saberio Lo Presti
0000-0003-2915-2510; Tarec K
Elajami 0000-0001-8019-2222;
Mohammad Zmaili 0000-0001-8026-
9613; Reza Reyaldeen 0000-0001-
7501-2354; Bo Xu 0000-0002-2985-
7468.

Author contributions: All authors
contributed to the literature
review, drafting of the manuscript
and approval of the final version.

Conflict-of-interest statement: All
authors declare no conflict of
interests for this article.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited

manuscript

Specialty type: Cardiac and
cardiovascular systems

Jaishideng®

WJC | https://www.wjgnet.com 254

Saberio Lo Presti, Reza Reyaldeen, Advanced Cardiac Imaging Fellows, Sydell and Arnold
Miller Family Heart Vascular and Thoracic Institute at Cleveland Clinic, Cleveland, OH 44195,
United States

Tarec K Elajami, Department of Cardiology, Mount Sinai Medical Center, Miami Beach, FL
33140, United States

Mohammad Zmaili, Department of Internal Medicine, Cleveland Clinic Foundation, Cleveland,
OH 44195, United States

Bo Xu, Section of Cardiovascular Imaging in the Robert and Suzanne Tomsich, Department of
Cardiovascular Medicine, Sydell and Arnold Miller Family Heart Vascular and Thoracic
Institute at Cleveland Clinic, Cleveland, OH 44195, United States

Corresponding author: Bo Xu, MD, FRACP, FACC, FASE, Multimodality Imaging Cardio-
logist, Section of Cardiovascular Imaging in the Robert and Suzanne Tomsich, Department of
Cardiovascular Medicine, Sydell and Arnold Miller Family Heart Vascular and Thoracic
Institute at Cleveland Clinic, Cleveland, OH 44195, United States. xub@ccf.org

Abstract

Infective endocarditis is one of the leading life-threatening infections around the
world. With the exponential growth in the field of transcatheter interventions and
advances in specialized surgical techniques, the number of prosthetic valves and
cardiac implantable devices has significantly increased. This has led to a steep rise
in the number of cases of prosthetic valve endocarditis (PVE) comprising up to
30% of all cases. Clinical guidelines rely on the use of the modified Duke criteria;
however, the diagnostic sensitivity of the modified Duke criteria is reduced in the
context of PVE. This is in part attributed to prosthesis related artifact which
greatly affects the ability of echocardiography to detect early infective changes
related to PVE in certain cases. There has been increasing recognition of the roles
of complementary imaging modalities and updates in international society
recommendations. Prompt diagnosis and treatment can prevent the devastating
consequences of this condition. Imaging modalities such as cardiac computed
tomography and *-fluorodeoxyglucose positron emission tomography/computed
tomography are diagnostic tools that provide a complementary role to echocardi-
ography in aiding diagnosis, pre-operative planning, and treatment decision-
making process in these challenging cases. Understanding the strengths and
limitations of these adjuvant imaging modalities is crucial for the implementation
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of appropriate imaging modalities in clinical practice.

Key Words: Prosthetic valve endocarditis; Multimodality cardiac imaging; echocardio-
graphy; Cardiac computed tomography; 18-fluorodeoxyglucose photon emission tomogra-
phy/computed tomography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Prosthetic valve endocarditis comprises up to 30% of all cases of infective
endocarditis with a reported in-hospital mortality of 14%-22% and 1-year mortality as
high as 40%. Its prompt diagnosis, although often challenging, is of critical importance
to prevent deleterious consequences for patients. Advances in the field of 3-dimen-
sional-echocardiography and the increased applications of adjuvant, complementary
imaging modalities, including '3-fluorodeoxyglucose positron emission tomography/
computed tomography, have enhanced the diagnostic accuracy. In the present narrative
review, we discuss the epidemiology, clinical manifestations, management principles,
and advantages and limitations of various imaging modalities available for the
diagnosis and management of prosthetic valve endocarditis.
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INTRODUCTION

Infective endocarditis (IE) is the third most common life-threatening infection in the
world with a reported in-hospital mortality as high as 14%-22% and 1-year mortality
of up to 40%[1]. The volume of prosthetic valve replacement procedures has dramat-
ically increased over the last decades[2]. This has led to an increase in the incidence of
prosthetic valve endocarditis (PVE), accounting for 20% to 30% of all cases of IE[2-4].
Traditionally, the diagnosis of IE is based on the modified Duke Criteria which relies
on echocardiography[5]. Initially, transthoracic echocardiography (TTE) is utilized to
assess for PVE; however, due to technical limitations and acoustic shadowing,
transesophageal echocardiogram (TEE) is generally mandated when it is difficult to
evaluate the prosthetic structures or the clinical suspicious remains high despite an
apparently unremarkable TTE, according to the contemporary guidelines from the
European Society of Cardiology (ESC) and American Heart Association/ American
College of Cardiology guidelines (AHA/ACC)[3,5,6]. In cases where TEE yields a
negative result and clinical concern persists, guidelines recommend to either repeat the
study in 3-7 days or to complement the evaluation with an alternative imaging
modality such as 18-fluorodeoxyglucose photon emission tomography/computed
tomography (PET/CT *F-FDG) or cardiac computed tomography (CCT)[3,5,6].
Although TEE has generally good diagnostic performance, it is limited by prosthetic
material-related artifacts, and certain complications of PVE, such as abscesses and
pseudoaneurysms may be missed in some cases by TEE[7].

Patients with PVE are at a higher risk of developing complications and worse
outcomes when compared with native valve endocarditis (NVE) patients, even when
the causative organism are similar[3,8]. Therefore, it is of uttermost importance to
accurately diagnose this condition and institute prompt treatment to ameliorate its
deleterious consequences. There has been increased recognition of the pivotal role of
multimodality imaging in the diagnosis and treatment of PVE[9,10]. The purpose of
this narrative review is to focus on the diagnosis of PVE with a special emphasis on the
emerging complementary use of multimodality imaging modalities.
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EPIDEMIOLOGY

The incidence of PVE ranges between 1% to 4% in the first year after surgery followed
by approximately 1% per year thereafter[11]. The risk of developing PVE is higher
within the first 5-years post-surgery (1.4% to 5.7%), and half of the patients with PVE
develop a prosthetic valve abscess and pseudoaneurysm, which are associated with
increased mortality of 30%-54%[7,12,13]. The reported incidence of PVE is hetero-
geneous, reflecting valve-related, patient, and geographical factors.

Valve-related factors

In a study from the Danish national registry of 18041 patients, the overall incidence of
PVE was 69.8/10000 person years in patients undergoing surgical valve replacement
[14]. When examined based on the anatomical location, the incidence was 65/10000
person years for mitral valve replacement (MVR), 70/10000 person years for aortic
valve replacement (AVR), which increased to 89.4/10000 person years when both
mitral and aortic valves were replaced[14]. Despite this difference, the cumulative
incidence of PVE at 10-years was similar for both MVR and AVR (5.2%)[14].

PVE comprises 11% of all cases of tricuspid valve endocarditis and 43% of all cases
of pulmonary valve endocarditis (Figure 1)[15]. In a cohort of congenital heart disease
patients, 924 surgical pulmonic valve replacement were performed with 19 (2%) cases
attributed to PVE, corresponding to an incidence of 333/100000 person years[16]. A
large single-center cohort of 2124 adult patients (median age 41.5 years) with IE
reported 24 cases of pulmonary valve endocarditis, of which 54.2% of cases occurred
in the context of prosthetic valves[17].

PVE is also a feared complication in transcatheter aortic valve replacement (TAVR)
[18]. In a meta-analysis by Ando et al[19] in 3761 patients undergoing percutaneous or
surgical AVR (SAVR), the overall incidence of PVE was not significantly different
between TAVR and SAVR at 1, 2 and 3.4 years follow-up[19]. Over this period of time,
there was a trend towards a higher incidence of PVE in the TAVR group (0.86% to 2%)
compared to the SAVR group (0.73% to 1.3%), and this was enhanced in patients with
intermediate surgical risk [2.3% vs 1.2%; odds ratio (OR) = 1.92, 95% confidence
intervals (CI): 0.99 to 3.72, P = 0.05]. In the Nordic Aortic Valve Intervention
(NOTION) trial, 280 Low-surgical risk patients with severe aortic stenosis were
randomized to TAVR (self-expanding CoreValve) or SAVR (stented bioprosthesis)
[20]. This trial showed a non-significant difference in the 5 year-cumulative incidence
of PVE between these two approaches (6.2% for TAVR vs 4.4% SAVR)[20]. Similar
results were reported by Summer et al[21], in a pooled cohort of all patients from
PARTNER I and PARTNER II trials (8530 patients, 107 cases of PVE), where the
incidence over time of PVE was similar for TAVR [5.21 PVE per 1000 person-years
(95%CI: 4.26-6.38)] and for SAVR [4.10 per 1000 person-years (95%CI: 2.33-7.22);
incident rate ratio, 1.27 (95%CI: 0.70-2.32); P = 0.44][21]. Ando et al[19] also reported a
subgroup analysis in TAVR patients which demonstrated comparable risk between
balloon-expandable valves (BEV) and self-expandable valves (SEV)[19]. Similar
findings were described by Regueiro et al[22] in a cohort of 6363 patients undergoing
TAVR, where the incidence of PVE at 1-year did not significantly differ (0.95% SEV vs
1.25% BEV; P = 0.33)[22]. When other complications were analyzed, the rate of
systemic stroke and embolism was higher in patients with BEV (8.7% vs 20.0%
adjusted OR = 2.46, 95%CI: 1.04-5.82, P = 0.04)[22].

Furthermore, percutaneous edge to edge mitral valve repair is an increasingly
relevant transcatheter intervention, where post clip implantation endocarditis has been
described only in case reports, remaining an extremely rare presentation[23].

In terms of the type of valve prosthesis, the Danish National Registry demonstrated
in 18041 patients undergoing left-sided valve replacement that the use of bioprosthetic
valves was associated with an increased risk for prosthetic infection in patient
undergoing either MVR (HR = 1.91, 95%CI: 1.08-3.37) or AVR (HR = 1.70, 95%CI:
1.35-2.15) over 10 years follow-up[14]. These results were similar to those reported by
Brennan et al[24] in a large cohort of patients undergoing SAVR (bioprosthetic = 24410;
and mechanical = 14789) followed up for 12 years where the risk of PVE was higher in
those patients undergoing bioprosthetic valve replacement (HR = 1.60; 95%CI:
1.31-1.94). However, a limitation of these studies was their retrospective nature [14,
24]. Conflicting evidence arises from 3 randomized clinical trials, comprising a total of
40207 patients that underwent left sided valve replacement, which showed no sig-
nificant difference between bioprosthetic and mechanical prosthesis [22-24]. A major
limitation of these trials is the lack of power to detect meaningful differences since IE
was not specified as a major endpoint[25-27].
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Figure 1 Prosthetic valve endocarditis complicating prior bioprosthetic tricuspid valve replacement secondary to intravenous drug abuse
relapse. Thirty-two year-old male with a history of intravenous drug abuse status post bioprosthetic tricuspid valve replacement presenting with methicillin-sensitive
Staphylococcus Aureus prosthetic valve endocarditis due to relapsed drug abuse. Images from Panel A and B demonstrate a tricuspid valve prosthesis at mid
esophageal 4 chamber right ventricular focused (A) and modified bicaval views (B) with severe thickening and attached vegetations on both sides of the valve. RA:

Right atrium; RV: Right ventricle.
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Patient factors
There is conflicting data regarding the age group most susceptible to develop PVE. In
the Grupo de Apoyo al Manejo de la Endocarditis infecciosa en Espafa (GAMES)
Database registry, which included 3120 patients with IE, patients 65-79 years old
(elderly) had a significantly higher incidence of PVE compared with those < 65 years
(young) and 2 80 years old (octogenarian) (37.3% vs 24.4% and 26.3%, respectively, P <
0.001)[28]. This observation was also demonstrated by Lopez et al[29], studying a
cohort of 600 Left-sided IE patients 40% of whom had PVE, showing a similar age
distribution[29]. In contrast, a smaller observational study of 72 patients with IE by
Menchi-Elanzi et al[30] demonstrated that elderly patients (65-79 years old) had a
significantly lower prevalence of PVE compared to the young and octogenarians[30].
In patients with PVE, there is male predominance with 3:1 ratio across various
studies[14,28-30]. This ratio changes towards 1:1 in the octogenarian group[28-30].
Interestingly, in an observational study of 621 patients with left-sided IE, mitral
mechanical valve PVE was more common in women than in men[31]. The mechanism
behind these findings remain unclear, and further studies are required to examine the
age and gender influence on PVE.

Geographical factors

In an observational, prospective multicenter cohort of 2670 patients from 28 countries
with IE, 556 patients (20.1%) had PVE[1].The highest percentage of PVE cases was in
Southern Europe, Middle East and South Africa (26.10%), and it was the lowest in
South America (11.9%)[2]. In the United States, the incidence of PVE was 20.9%, with
the highest source corresponding to health care associated infections (44.8%), followed
by intravascular device-related infection (27.6%), non-nosocomial heath care-associa-
ted PVE (21.1%), and hemodialysis (12.9%)[2].

CAUSATIVE AGENTS

The prevalence of the most common causative organisms causing PVE according to
the timing and technique of valve surgery are shown in Figure 2. Within 60 days from
surgical valve replacement, the most common causative organism of PVE is Staphylo-
coccus Aureus (30%) followed by Streptococcus species (28%). Between 2 to 12 months
after surgery, coagulase-negative Staphylococci are the most common organism (36%),
and after one year, Streptococci predominantly viridians group, are the leading cause
[2,32-35]. After TAVR, Enterococci and Staphylococcus Aureus (25% and 16%-24%,
respectively) are the predominant organisms (Figure 2)[36,37].
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The prevalence of PVE causative organisms according to the timing and technique of valve

intervention

W Streptococci ™ Enterococci ™ Staphylococcus aureus

2-12 months after SVR > 12 months after SVR Up to 1 year after TAVR

Figure 2 Prevalence of causative organisms according to timing and technique of valve intervention. The prevalence of causative organisms of
prosthetic valve endocaridits in surgical left-sided valve replacement among 579 patients pooled from 5 studies[2,32-34,79] and transcatheter aortic valve
replacement among 275 patients from 2 studies[35,36], categorized according to time since the index procedure. PVE: Prosthetic valve endocarditis; SVR: Surgical
valve replacement; TAVR: transcatheter aortic valve replacement.
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CLINICAL FEATURES

The clinical diagnosis of PVE is challenging as patients often manifest non-specific
symptoms, such as fever, weakness and poor appetite in the early post-operative
period[38]. Therefore, the presence of a new murmur, new or worsening congestive
heart failure (CHF), conduction abnormalities and stroke should all raise suspicion for
PVE[38]. Data from the International Collaboration on Endocarditis (ICE) Prospective
Cohort Study (PCS) reported the occurrence of CHF in 32.9%, intra-cardiac abscess in
29.7%, stroke in 18.2% and other systemic embolization in 14.9%, among 556 patients
with PVE[2]. When comparing NVE and PVE, both had a similar incidence of CHF,
stroke and persistent bacteremia; however, the incidence of systemic embolization was
lower in PVE[2].

From the TAVR international registry consisting of 245 patients who developed PVE
after TAVR (BEV and SEV), the most common initial symptom was fever (approx-
imately 80%), followed by CHF (approximately 40%), and cutaneous manifestations
(approximately 3%) with a median time to onset after TAVR of 5.3-5.5 months[22]. In
this study, stroke was significantly higher with BEV compared to SEV (24.6% vs 7.8%,
P < 0.01)[22]. The lower rate of cutaneous manifestations in PVE, such as Osler’s
nodes, Janeway lesions and Roth’s spots could be attributed to a more acute course of
the disease in PVE, compared to a more protracted course commonly seen in NVE[38].
In Reguiero’s cohort, patients with PVE following TAVR had no significant difference
in mortality between BEV and SEV (37% vs 36%, respectively)[22].

In terms of mortality, Wang et al[2], described in-hospital mortality was significantly
higher in the PVE group (127/556 patients) compared to NVE (310/1895 patients)
(23% vs 16%, P < 0.001). After multivariate analysis, the key drivers of increased
mortality were CHF (OR = 2.33, 95%CI: 1.62-3.34), intracardiac abscess (OR = 1.86,
95%CI: 1.10-3.15), and stroke (OR = 2.25, 95%ClI: 1.25-4.03). Ustergaard et al[14] in a
cohort of 18,041 undergoing left sided valve replacement (AVR 88.8%, MVR 9.7%, and
both 1.5%) demonstrated that PVE in AVR patients was associated with higher
mortality than in MVR at 10 years (44% vs 39%, P < 0.01)[14]. Moreover, they also
divided these results according to the prosthesis type showing a significantly higher
mortality with bioprosthetic compared to mechanical valve in both AVR and MVR at
10-years. However, when both groups were matched, there was no significant diffe-
rence in mortality[14].
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DIAGNOSTIC IMAGING MODALITIES

Transthoracic and transesophageal echocardiography

Although acoustic shadowing and reverberation artifacts from prosthetic material
hamper the imaging resolution, echocardiography remains the forefront diagnostic
modality in suspected PVE[5]. Wide availability, low cost, rapid acquisition and
interpretation, and a lack of radiation are some of the important qualities that make
echocardiography the first-line imaging modality[6]. The echocardiographic exami-
nation should focus on identifying infection-related changes, such as vegetations, peri-
valvular abscess, prosthesis dysfunction or dehiscence, fistulas, or unexpected and
premature structural degeneration of the valves[3] (Figure 3).

The sensitivity of TTE in PVE ranges from 17% to 36%; in comparison, it increases to
82% to 96% with TEE, suggesting the importance of TEE for better assessment of all
cases of suspected PVE[39,40]. Despite the enhanced temporal and spatial resolution of
multiplanar TEE, its ability to identify prosthetic valve abnormalities can be cha-
llenging[41]. Another commonly encountered limitation is an inability of echocardio-
graphy to differentiate between active and healed vegetations following antibiotic
treatment. To overcome this limitation, serial studies are required to assess for size
progression of the vegetation[41].

Three-dimensional (3D) echocardiography is a complementary modality which
provides valuable information regarding the anatomy of the prosthetic valves and
adjacent structures from different angles. Novel 3D-rendering software aid in the
characterization of the vegetation size and location, destructive changes, perforations,
abscess characterization, prosthetic dehiscence and associated regurgitant jets[42-44].
Chahine et al[45] described in 242 patients, an improved sensitivity over the recent
decade for the detection of PVE (70.8% vs 93.7%, P = 0.009) with contemporary TEE
technology including an increased use of 3D imaging (Figure 4)[45].

Echocardiography has been shown to predict outcomes in PVE. Wang et al[46]
studied 115 patients with surgically proven IE (52% with bioprosthetic valves; 15.5%
with metallic valves) and recognized that abscess or pseudoaneurysm detected by TEE
were independently associated with increased in-hospital mortality and morbidity
[OR: 3.66 (95%CI: 1.76-7.59); P = 0.001][46].

In cases where the clinical suspicion remains high despite an initial negative result,
short-term interval follow-up is a strategy that can enhance imaging sensitivity at the
expense of prolonging the time to diagnosis. This can usually be performed 3-7 days
following the initial evaluation[3]. In contrast to this “watch and wait approach”,
adjuvant imaging modalities play a complementary role in the diagnosis of PVE,
potentially expediting patient care[7].

ccT

CCT has become an increasingly important imaging tool for the diagnosis and pre-
operative planning of patients with PVE. CCT offers a number of technical advantages
over echocardiography including higher spatial resolution and imaging window
independence[47]. CCT has demonstrated similar diagnostic yield for the detection of
perivalvular complication[7]. Feutcher et al[47] compared CCT with TEE in 37 patients
with IE, 6 of whom had PVE. The study showed that CCT had an excellent correlation
with TEE in determining vegetation size (vegetation size by TEE 7.6 + 5.6 mm) (r =
0.95; P < 0.001). In addition, vegetation mobility was accurately diagnosed by CCT in
96% of the patients, and both modalities had similar detection rates for abscesses and
pseudoaneurysms with the caveat that CCT provided more detailed anatomical lo-
cation and extension[47]. Fagman et al[48] compared ECG-gated CT and TEE with
surgical findings including abscess, vegetation, and dehiscence in 27 patients with
aortic PVE. The agreement was good between surgical findings and ECG-gated CCT
(kappa 0.66, 95%CI: 0.49-0.87) and TEE [0.79 (0.62-0.96)], but the combination of both
TEE and ECG Gated CCT provided even better diagnostic performance [0.88
(0.74-1.0)][48]. In a more recent study by Koneru et al[49] in 122 patients with PVE
undergoing pre-operative evaluation, the performance of high-resolution ECG
synchronized 4D-CT was similar to TEE for the detection of abscess/pseudoaneurysm
in prosthetic valves, independent of the type of prosthesis (70 vs 68 %; P = 0.82) and
anatomical location with a synergistic effect seen when both modalities were
combined (sensitivity: CT alone, 70%; TEE alone, 68%; CT + TEE, 86%)[49]. This
incremental benefit of combining both modalities for PVE assessment was also
described in a metanalysis by Habets et al[40] who reported a pooled sensitivity/
specificity of 36/93% for TEE, 86/98% for CCT, and 100/94% for both modalities
together. The authors also described improved detection of peri-annular PVE complic-
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Figure 3 Para-valvular fistula in a patient with complicated endocarditis involving prior stentless aortic valve. Eighty-two year-old male with a
history of coronary artery bypass grafts and stentless aortic valve replacement presenting with Streptococcus Gallolyticus prosthetic valve endocarditis complicated
by aortic root abscess and fistulous tract treated with homograft aortic root replacement (25 mm Cryo-Life aortic allograft root), bovine pericardial closure of aortic root
to right atrium fistula, right atrium reconstruction with bovine patch and bypass revision. A and B: TEE interrogating the aortic valve replacement with color compare
demonstrated thickening of the leaflets and abnormal color flow into the right atrium; C and D: Additional imaging from deep transgastric views with color compare in
the left ventricular outflow tract demonstrated a complex fistulous tract (Gerbode-type defect) communicating the left ventricular outflow track, right atrium and aortic
root. RA: Right atrium; RV: Right ventricle; LVOT: Left ventricular outflow tract.

Figure 4 Transesophageal echocardiogram in a patient with mitral valve replacement endocarditis with 3D-reconstruction. Sixty-six year-old
male with a history of coronary artery bypass graft and mitral valve replacement three years before presenting with Enterococcus Faecalis endocarditis.
Transesophageal echocardiogram demonstrated severe structural degeneration of the mitral valve replacement with attached vegetation (A: Arrow). Color Doppler
analysis demonstrated a large jet arising from the leaflet body consistent with prosthetic leaflet perforation confirmed by 3D-reconstruction (B-D).

ations with CT scan, especially when occurring towards the anterior aspect of the
aortic root where acoustic artifacts affect visualization with TEE[40]. In a contem-
porary metanalysis of 872 patients with definite endocarditis, the subgroup analysis
for PVE showed that TEE demonstrated a higher sensitivity when compared with CCT
for the detection of vegetations (89% vs 78%) at the expense of lower specificity (74% vs
94%, P < 0.05)[50]. Although CCT showed a trend towards improved detection of peri-
annular complications (% vs 89%; P = 0.06), TEE was more sensitive for the detection of
leaflet perforation (79% vs 48%; P < 0.05)[50].
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CCT has also proven to be useful in surgical planning by providing additional
diagnostic information regarding the anatomy of coronary arteries and aorta, and
degree of calcification[3,51]. The major advantage of CCT over coronary angiography,
is the ability to demonstrate coronaries and bypass graft patency non-invasively,
avoiding risk of vegetation embolization during catheter manipulation[47]. It may also
be valuable in the urgent evaluation of hemodynamically unstable patients who are
unable to undergo TEE (Figures 5 and 6)[52].

A potential weakness of CCT is its relatively low temporal resolution, resulting in
decreased sensitivity for the detection of small vegetations (< 4 mm) and leaflet per-
foration (< 2 mm); however, it has a comparable diagnostic performance to TEE for
detecting fistulas, paravalvular leaks and prosthetic valve dehiscence[47,50] (Figure 5).
Therefore, TEE remains a superior technique for the detection of small vegetations that
are <5 mm (Table 1)[53]. Some inherent technical challenges include the need for use
of contrast which may exclude patients with iodine allergy or advanced kidney di-
sease; the presence of arrhythmia that impairs the quality of image acquisition and the
non-negligible amount of radiation exposure[54]. Similar to echocardiography, CCT
has prognostic value in PVE. In a cohort of 155 patients with surgically proven IE, 112
(72.3%) corresponding to patients with previous valve replacement (metallic and
bioprosthesis) or repair, the presence of pseudoaneurysm, abscess, and fistulas de-
tected on CCT independently predicted mortality (HR = 3.82, 95%ClI: 1.25-11.7, P <
0.001; and 9.84, 95%CI: 1.89-51.0, P = 0.007 respectively)[46].

Cardiac magnetic resonance imaging
The roles of cardiac magnetic resonance imaging (MRI) in IE, and more specifically in
PVE, are currently limited, and less well defined. In general, this imaging modality
offers several unique advantages such as improved 3D-visualization of cardiac
structures compared to TEE, the ability to identify inflammatory changes in the
myocardium and pericardium via delayed enhancement imaging, differentiation of
vegetations from intracardiac masses, ability to diagnose infiltrative cardiomyopathies,
accurate quantification of regurgitant valvular lesions and the ability to be used in
patients unable to receive iodine-based contrast[54,55]. However, the role of MRI for
evaluation of infective changes, especially in PVE is limited. Some of the factors that
account for its limitations include incompatibility with some implantable cardiac
devices, reduced availability and significant artifacts caused by metallic leaflets[53,54].
As part of the pre-operative work up, MRI does not provide as accurate information
regarding the anatomy of the chest wall and its proximity to cardiac structures as does
CCT, and thus is not usually favored for this purpose[56]. Nevertheless, MRI of the
brain is recommended in pre-operative patients who have neurologic deficits and may
also be reasonable in high-risk left-sided IE to screen for subclinical embolic events[3,
56]. The ability of brain MRI to detect subclinical cerebral lesions, which may be found
in up to 70% of patients who are neurologically intact clinically, has substantial clinical
implications, as presence of systemic embolization represents one minor Duke
criterion[5]. This in turn may allow earlier diagnosis and the implementation of thera-
peutics[57,58].

PET/CT

Hybrid modalities such as leucocyte scintigraphy and *F-FDG PET/CT have also been
recognized as important complementary diagnostic imaging modalities. *F-FDG
PET/CT relies on the administration *F-FDG radioisotope, which is taken up by active
inflammatory cells at the site of the infection. On the other hand, leucocyte scinti-
graphy isolates and labels granulocytes with *™Tc that can be localized and quantified
at a specific acquisition point in time[3,59]. The steps in preparation of leucocyte scinti-
graphy involving the drawing and reinjection of leucocytes, makes the utilization of *
F-FDG radioisotope more favorable in clinical practice[1].

The modified Duke criteria only considers echocardiography as the diagnostic
imaging modality for IE. The AHA guidelines, despite acknowledging the usefulness
of PET/CT for the detection of extracardiac complications, have not yet recommended
its routine use for diagnosis[5]. In contrast, in the latest iteration of the ESC guidelines
for the management of IE, the presence of abnormal activity of "*F-FDG PET/CT or
leucocyte scintigraphy SPECT/CT (> 3 months after implant) around the perivalvular
region of a prosthetic valve was upgraded as a major imaging criterion for diagnosis of
IE[3]. As a result, Saby et al[60] reported an improvement of the modified Duke criteria
sensitivity from 70% to 97 % without trading-off its specificity, with the use of PET/CT
[60]. Although similar findings in terms of sensitivity were found by Philip et al[61] in
115 patients with PVE (91 definite cases and 24 rejected cases) where the sensitivity
increased from 57.1% to 83.5%; there was a decrease in specificity from 95.8% to 70.8%,
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Table 1 Comparison between different imaging modalities in the evaluation of prosthetic valve endocarditis

Modality Strengths Weaknesses Sensitivity Specificity

Echocardiography Auvailable, convenient, no radiation exposure, ~Operator- and imaging window-dependent, TTE:17%-36%;  TTE: 86%[39,40];
hemodynamic data, high temporal resolution. affected by prosthesis-related artifacts. TEE: 82%-96% TEE: 94%[39,40,45]

Cardiac CT Spatial resolution, defining paravalvular Radiation exposure, contrast exposure limits 88%-97% 95%[47,48,50]
complications, delineating coronary-aorta use in advanced CKD.

anatomy, preoperative planning.

Cardiac MRI Characterizing paravalvular complications, Limited data, lower spatial resolution, Limited data Limited data
depicts inflammatory changes, assess the incompatibility with some cardiac devices.
degree of intra-cardiac shunting. Limited clinical applicability.

BE.FDG PET/CT  Excellent diagnostic role in PVE, detection of  Availability, cost, requires special pre-test 73%-97% 80%-94%[60-62]
metastatic infection foci. preparation, expertise, radiation exposure.

TTE: Transthoracic echocardiography; TEE: Transesophageal echocardiography; CTA: Computed tomographic angiography; MRI: Magnetic resonance

imaging; PET/CT: Positron emission tomography/computer tomography.

Figure 5 Cardiac computed tomography in a patient with tricuspid valve replacement endocarditis with peri-valvular extension. Thirty-two
year-old male with a history of intravenous drug abuse status post bioprosthetic tricuspid valve replacement presenting with methicillin-sensitive Staphylococcus
Aureus due to relapsed drug abuse. Cardiac computed tomography demonstrated thickening of the valve leaflets (A: Arrow) and a 2.7 cm x 1.9 cm x 1.4 cm lobulated
pocket of free-flowing blood/contrast interposed between the tricuspid annulus and the aortic annulus consistent with abscess/fistula (B: Arrow). Prominent pulmonary
septic embolism was also detected (C: Arrow).

with an overall improvement in accuracy from 65.2% to 80.9%. Wang et al[62] also
reported in 333 patients with PVE an enhanced sensitivity of 86%, however, the
sensitivity of the test decreased to 72% in the presence of cardiac implantable elec-
tronic devices (CIED)[62].

BE-FDG PET/CT can be utilized early in the evaluation of suspected PVE, especially
if microbiologic cultures and echocardiographic imaging are unrevealing[63]. *F-FDG
PET/CT is a useful complimentary imaging modality for the diagnosis of IE that has
demonstrated improving performance over time, especially in challenging cases of
PVE and CIED related infections[62,64]. It has also been suggested to have a potential
role in monitoring the response to antibiotic therapy[63,65]. The enhanced diagnosis of
PVE with PET/CT has important clinical implications, helping to re-classify up to 90%
of the “possible IE” cases by modified Duke Criteria, and providing a conclusive
diagnosis (definite/rejected) in 95% of the cases[66]. It has also significantly altered the
treatment plan in up to 35% of the cases by virtue of antibiotic treatment prolongation
(27.5%), surgical referral (15%) and prevention of unnecessary device extraction
(17.7%)[67]. This is attributed in part to its ability to detect extracardiac foci of in-
fection, either septic emboli or other sources of infection, in around 17% of the cases
with whole body PET/CT (Figure 7)[68].

Cautious interpretation of ®¥F-FDG PET/CT results must be entertained, especially
in the early postsurgical period during the first 3 months. Following the implantation
of a prosthetic valve, an inflammatory response to the foreign body occurs, which is
reactive in nature without necessarily implying the presence of infection[69]. Other
causes of false positive results include: soft atherosclerotic plaques and active thrombi,
cardiac tumors (whether primary or metastatic), and inflammatory conditions such as
vasculitis and myocarditis[70,71]. Rouzet et al[59] described in a cohort of 39 patients
with prosthetic valves and absence of clinical infection that approximately half of these
patients will continue to have a homogenous uptake on ®F-FDG PET/CT in the
perivalvular area that may persist years after surgery, and therefore should not be
confused with infective changes[59]. On the other hand, false negative may still occur
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Figure 6 Transesophageal echocardiogram and cardiac computed tomography in a patient with metallic aortic valve replacement endo-
carditis, complicated by aortic dissection. Sixty-two year-old male with a history of type A aortic dissection status post repair with #27 CarboMedics valve
conduit with reimplantation of the coronary arteries, #28 mm Hemashield bridge graft to the distal ascending aorta, presenting with PVE and extension of dissection
from the distal ascending aorta to the femoral arteries. His transesophageal echocardiogram demonstrated the presence of a metallic AVR with pathological
thickening of the aorto-mitral curtain and aortic root posteriorly (A and B: Star). Cardiac computed tomography axial view of the metallic aortic valve demonstrated
widely open occluders and further inspection of the aorta at the level of the arch demonstrated the aortic dissection extending into the descending thoracic aorta (C
and D: Arrow). RA: Right atrium; RV: Right ventricle; LA: Left atrium.

Figure 7 18-fluorodeoxyglucose photon emission tomography/computed tomography in a patient with prosthetic aortic valve endocar-
ditis complicated by septic emboli. For details of clinical presentation, refer to Figure 6. Noted increased 8F-FDG-uptake along the aortic root graft (A-C: Blue
arrow) and distant septic foci at the level of L3-L4 with extension of abnormal hypermetabolism into the left psoas muscle consistent with L3-L4 discitis and left psoas
muscle abscess (A and D: Orange arrow).

in the presence of small vegetations (< 5 mm), recent antibiotic administration,
metastatic brain lesions and high glucose states[3,72]. Although contemporary data
reported equipment availability in 70.3% of European centers and 56.3% non-ESC
centers, the availability, cost, and expertise needed with this imaging modality impose
additional limitations on its employment in routine clinical practice[4,73].

Real world data from the ESC-EORP EURO-ENDO (European infective endocar-
ditis) registry in 3116 adults with IE from around the globe (2470 from Europe, 646
from non-ESC countries), identified 939 (30.1%) cases of PVE and 308 (9.9%) with
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device related infection[4]. **F-FDG PET/CT was implemented in 518 cases (16.6%)
and leucocyte scintigraphy in 38 (1.2%)[4]. Around 25% of the ®F-FDG PET/CT were
obtained in patients with PVE, and 26% in patients with device infections, which were
significantly higher when compared with NVE (9.5%) (P < 0.0001) [4]. The test per-
formance was superior in patients with PVE with a reported sensitivity of 66.8% (vs
28% for NVE and 16.3% for device infections) [4]. Extracardiac foci were observed in
close to 40% of patients (34.5% in PVE, 42.3% in NVE, and 43.8% in device infections),
most frequently seen in the lungs (27.1%)[4].

MANAGEMENT

In this section, a brief overview of the general management principles will be discu-
ssed; however, a detailed discussion of antimicrobial therapies and surgical techniques
is beyond the scope of this article. Treatment of PVE consists of broadly surgical
and/or medical management. Randomized controlled trial data comparing combined
treatment to medical treatment alone are lacking. However, several large cohorts
examined outcomes in surgical and medical therapy group. In a large meta-analysis by
Mihos et al[74] of 32 studies including 2636 patients with PVE, surgical management
was associated with lower 30-day mortality and higher survival at 22 months and
similar rate of recurrence compared to medical therapy alone (25% vs 34% and 69% vs
58%, respectively)[74]. The limitation of this study is lack of adjustment analysis for
risk factors and time from medical therapy to surgery[74]. In another large prospective
study of 1025 patients with PVE, early surgery was associated with lower 1- year and
in-hospital mortality compared with medical therapy alone (HR = 0.57, 95%CI: 0.49-
0.67 and HR = 0.44, 95%ClI: 0.38-0.52, respectively)[8]. However, this benefit with early
surgery was absent after adjustment for survivor bias and clinical factors[8]. In several
observational studies, the benefit of surgery was mostly seen in patients with PVE
complications that carry high mortality rate such as valve regurgitation or dehiscence,
paravalvular abscess or fistula, heart failure, and coagulase negative or Staphylococcus
Aureus PVE[75-77]. In this context, a 2015 scientific statement from the AHA, 2015
ESC and 2016 American Association for Thoracic Surgery guidelines recommended as
class I indication surgical intervention after weighing risks and benefits based on
operative risk profile and overall outcome in the following scenarios: PVE with
complications, such as new or worsening CHF, prosthetic valve dehiscence, hemody-
namically significant valvular or paravalvular regurgitation, obstruction or intra-
cardiac abscess[3,5,50]. It is reasonable to proceed with surgery as class II indication in
cases of persistent bacteremia, infection-relapse despite appropriate antibiotics treat-
ment, aggressive infection by Staphylococcus Aureus or fungi, non-HACEK gram
negative organisms, multi-resistant organisms or in the presence of fastidious
organism clustered as “culture negative” PVE[3,5,56,78]. PVE vegetations are at risk
for embolization, especially when the size exceeds 10 mm, or there is increasing in size
despite antibiotics[3,34,56]. In these situations, surgical intervention should be consi-
dered|[3,34,56].

Antibiotic therapy should be initiated in all cases of PVE with consultation of an
infectious disease specialist for guiding the antibiotic choice[3,5,38,56]. Three sets of
blood cultures separated by 30-60 minutes should be obtained before antibiotic
initiation and at least every 24-48 h until the blood culture is negative[3,5,38,56]. All
patients should be monitored for side effects of antibiotics, clinical response and
symptoms/signs that suggest PVE complications. In the latter case, an echocardiogram
should be repeated. The treatment duration is generally 6 week starting from the first
negative blood culture, and it can be extended for an additional 6 week if surgical
specimens demonstrate a positive gram stain and culture or positive polymerase chain
reaction. Antibiotic therapy should subsequently be tailored according to the culture
results[3,5,38,56].

CONCLUSION

The diagnosis of PVE remains challenging due to its often non-specific clinical present-
ations and prosthesis-related artifacts that impair the optimal visualization of cardiac
structures by echocardiography. Echocardiography continues to be the first-line
imaging modality in suspected cases of PVE due to is wide availability, low cost, rapid
interpretation, and safety. TEE is mandated in most PVE cases due to the reduced
sensitivity of TTE in this context. The consequences of missing prosthesis-related
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infections are serious, and therefore, evaluation of PVE requires the optimal comple-
mentary use of imaging modalities to achieve the best outcomes. Adjuvant imaging
modalities, particularly CCT and *F-FDG PET/CT have important niche roles. These
imaging modalities improve the ability to accurately and timely diagnose PVE,
contribute to the pre-operative planning of appropriate patients, and guide decision-
making for therapies.
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