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Abstract

:

The specific management of infective endocarditis (IE) in elderly patients is not specifically addressed in recent guidelines despite its increasing incidence and high mortality in this population. The term “elderly” corresponds to different ages in the literature, but it is defined by considerable comorbidity and heterogeneity. Cancer incidence, specifically colorectal cancer, is increased in older patients with IE and impacts its outcome. Diagnosis of IE in elderly patients is challenging due to the atypical presentation of the disease and the lower performance of imaging studies. Enterococcal etiology is more frequent than in younger patients. Antibiotic treatment should prioritize diminishing adverse effects and drug interactions while maintaining the best efficacy, as surgical treatment is less commonly performed in this population due to the high surgical risk. The global assessment of elderly patients with IE, with particular attention to frailty and geriatric profiles, should be performed by multidisciplinary teams to improve disease management in this population.
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1. Introduction


Infective endocarditis (IE) is still associated with high mortality and morbidity despite significant advances in recent decades [1,2,3,4]. Although it is considered an uncommon disease, the incidence of IE is especially high in patients above 70 years of age [4], and it is expected to increase in the following years due to the growing life expectancy [5] and the medicalization of global health [6,7,8]. Peculiarities of IE in the elderly are not specifically addressed in current guidelines [9,10] despite the higher mortality and functional impact of the disease in this population [11,12,13]. Furthermore, clinical presentation, diagnosis, and management differ from those in younger patients [14,15,16,17]. This review summarizes the challenges and uncertainty areas of IE management in elderly patients, trying to provide strategies to overcome them.




2. Epidemiology: A Growing Problem


The estimated annual incidence of IE is 3 to 15 cases per 100,000 [1,18,19,20,21,22], with wide regional variations. Despite the decline of rheumatic heart disease, a formerly widespread predisposing condition [23], the incidence appears to be increasing, especially at the expense of the elderly [24]. There is debate about the last restriction for antibiotic prophylaxis in international guidelines in this trend [25,26]. Still, other epidemiological changes from the last decades with enough influence need to be addressed [1,24,27].



First, life expectancy is increasing in high-income countries, nowadays being more than 80 years [5]. Accordingly, in Western countries, patients with IE are significantly older, with up to one-third of patients older than 70 years old [15,24,28]. Indeed, age itself is a risk factor, as older patients are estimated to have a five-fold higher risk of endocarditis [4,29].



Additionally, multiple studies addressing specific characteristics of IE in the elderly have found a high rate of comorbidities in this population (Table 1) [12,16,17,30,31,32,33]. However, due to the lack of large multicentric cohorts [34] and the heterogeneity of this population, there is not enough evidence to support specific recommendations, although some have made attempts [15,27].



In this regard, not even the term “elderly” is equally applied in the literature, having been used by international guidelines for patients older than sixty [9,10], but more recently for older than eighty. Meanwhile, some preferred to use the term “very elderly” [17] for over eighty-year-old patients, while others have referred to the term “octogenarian” [30]. In any case, aging is not a uniform process, including many different profiles [27].



Some authors have tried to define these profiles and compared them between different age groups. For example, Oliver et al. show that patients over 80 years old have more comorbidities, among the most common being cancer, diabetes, and renal disease, along with higher Charlson index and EuroSCORE, compared with younger patients [17,30]. Chronic heart disease and high blood pressure also have a higher prevalence [12,16,17,32,33]. Compared to the predominance of male sex in IE incidence among younger patients [31,34], some studies have found similar proportions of men and women among octogenarians, which could be partially attributable to women’s higher life expectancy [17].



Due to cardiac morbidities and aging, the prevalence of cardiovascular implantable devices and prosthetic valves is higher, including transcatheter aortic valve implantation (TAVI), which are well-known risk factors for IE, with even worse prognosis [19,31]. Moreover, predisposing events such as surgery, instrumentation, and recurrent infections are more common, being at high risk for bloodstream invasion [31,35]. This frequent contact with health care implies a higher rate of nosocomial infections [15] and resistant pathogens [32].



The risk of hematological and abdominal cancer increases in the first three months after IE diagnosis and remains higher than expected for up to 12 months in the case of abdominal cancer [36]. In addition, the incidence of IE in the elderly (and not other infections) increases up to fivefold around the diagnosis of colorectal cancer (CRC) compared with the diagnosis of lung, breast, or prostate cancer, or an arbitrary date for individuals without cancer [37]. CRC (or preneoplastic lesions such as adenomas) can cause IE by allowing the translocation of bacteria [38]. Still, there are other possible explanations for this association: IE patients often receive a colonoscopy as a part of the diagnostic work-up (indicated routinely in the case of S. gallolyticus IE [9,39,40,41] and increasingly recommended in E. faecalis IE [42,43,44,45,46]), leading to higher CRC detection; colonoscopy could increase itself the risk of IE by disrupting the bowel mucosa and allowing translocation; they share common etiologic factors. Concomitant diagnosis increases non-cancer-specific mortality and can produce changes in cancer treatment based on the predicted survival of patients [37].



Comorbidities could play not only a pathogenic role [4,32] but also have a strong influence on the outcome as in treatment selection [47]. Some studies have shown this population to have higher 1-year mortality than younger cohorts, although not higher global mortality [30]. Despite the recommendations of international guidelines, age has been found to be the main factor involved in the restrictive use of surgery [47,48]. Non-performance of surgery [29,30], along with the Charlson Comorbidity index and nutritional and functional status, was independently associated with mortality [12].




3. Clinical Presentation: The Impact of Comorbidities and Nonspecificity


More than a century after the first description of IE, this disease remains notable for its diverse and nonspecific presentation (Table 2), which often leads to a late diagnosis [49]. Furthermore, the clinical presentation of this disease in elderly patients is considered atypical [17], with nonspecific constitutional signs and symptoms, such as lethargy, fatigue, malaise, anorexia, and weight loss, being the most frequent manifestations. Clinical presentation as delirium is characteristic in this age group and can sometimes be the only manifestation [4]. However, fever, the most common initial symptom in the general population, is frequently absent in elderly patients [14]. Additionally, the high prevalence of baseline murmurs in older adults makes this finding nonspecific unless the murmur is clearly new [49]. Both the absence of fever and new-onset heart murmurs contribute to the delayed diagnosis of IE [31] (Figure 1).



Classic IE stigmas, surprisingly rare in the general population [49], are even less frequent in the elderly. Despite higher rates of mitral valve involvement, vascular manifestations of IE, such as embolic events, are less common in the elderly [14]. It could be explained by the widespread use of antiplatelets and anticoagulants among the older population. Immune-mediated manifestations are also less frequent, probably due to a less intense acute immune response. These two factors together (higher antiplatelet/anticoagulant use and weaker immune response) may help to explain the lower rate of vegetations found in this population group [32].



Therefore, we are faced with a vulnerable population group, in which the diagnosis is often more difficult due to the nonspecificity of its presentation and the higher prevalence of comorbidities compared to the general population [4].




4. Microbiology: From S. viridans to Enterococcal Etiology. Adequate Sample Collection Saves Lives


As previously stated, the diagnosis of IE in the elderly is rarely straightforward and is often delayed or overlooked because of atypical clinical presentation. Therefore, with clinical manifestations and imaging tests, the confirmatory diagnosis of IE must be based on microbiological findings [10].



Gram-positive cocci represent 80–90% of IE cases. The main microorganism isolated in young adults is Staphylococcus aureus, followed by the Streptococcus viridans group (includes S. anginosus, S. bovis/equinus, S. mitis, S. sanguinis, S. mutans, and S. salivarius, all commensals of the oral cavity and gastrointestinal tract) and Enterococcus spp. However, in patients 65 to 79 years old, Enterococcus spp. is detected more frequently. In octogenarians, S. viridans group and Enterococcus spp. are mainly isolated, with a few cases due to S. aureus (usually resistant to methicillin because of frequent exposure to medical attention). The isolation of coagulase-negative staphylococci is equally frequent in all age groups, although somewhat more frequent in patients older than 65 years and carriers of prosthetic devices or valves [17]. Streptococcus gallolyticus (formerly S. bovis) is noted for causing IE associated with underlying colonic pathology (ulcers, diverticular disease, and malignancy), which provides a gateway for bacteremia [39,40]. The association between E. faecalis IE and colonic pathology has also been described in the past few years [41,42,43,44,46].



Non-HACEK (Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, and Kingella) Gram-negative bacilli (GNB) constitute a rare cause of IE that has become more frequent than HACEK in recent years [51] due to the increase in age and comorbidity in the general population and the increase in enterobacterial bacteremia incidence [52,53,54]. Non-HACEK GNB Enterobacterales cases, predominantly caused by E. coli and more commonly associated with community acquisition, mitral valve involvement, genitourinary origin, and septic shock, were more frequent than non-HACEK GNB IE by non-fermentative GNB, principally P. aeruginosa, which is characterized by right valve involvement and health care association, predominantly venous catheter-related infection [51,55,56,57].



The cornerstone of the microbiological diagnosis of IE in all age groups continues to be blood culture (BC). Regardless of presentation, patients with unexplained persistent bacteremia or an unknown focus should be studied. The responsible organism can be recovered in 85–90% of patients by obtaining three blood samples collected at intervals of at least 30–60 min. It is not essential to perform the extraction coinciding with fever peaks since bacteremia in IE is constant. In positive blood cultures, the isolated microorganisms must be identified using highly reliable techniques (e.g., MALDI-TOF), as well as an antibiogram with determination of the MIC. Blood extractions through catheters should be avoided due to the difficulty of interpretation in cases of isolation of coagulase-negative staphylococci [9,10].



Approximately 10–15% of patients with IE have negative BC [58], making diagnosis even more complex and thus worsening the prognosis. Despite a lower risk clinical profile, these patients present higher in-hospital mortality than those with known etiology due to delayed diagnosis and, consequently, late initiation of antibiotic treatment [59]. The most common cause is the use of antibiotics before acquiring blood cultures (it is recommended to use blood culture bottles containing antimicrobial inhibitor resins). However, other possible explanations include infection by fastidious bacteria or fungi or alternative diagnoses such as non-bacterial thrombotic endocarditis (associated with hypercoagulable states or advanced neoplasms). Additional microbiological testing can identify a responsible organism in approximately two-thirds of patients. Thus, if blood cultures are negative at 5–7 days, serological tests for atypical organisms (Bartonella, Brucella, Coxiella, Chlamydia, Legionella, and Mycoplasma) should be considered [10,60].



Molecular techniques play a complementary role if embolic or valve material is available. The universal broad-spectrum polymerase chain reaction (PCR) for detecting 16s (bacteria) or 18S (fungi) rRNA is a sensitive technique that amplifies small amounts of microbial DNA and can identify the specific organism if combined with sequencing. This is particularly valuable in patients with previous exposure to antibiotics (since bacterial DNA often persists) and for non-culturable pathogens such as Tropheryma whipplei. However, false-positive results can arise due to sample contamination and PCR can also remain positive after eradicating viable bacteria (and, therefore, should not be used to guide the duration of therapy). New techniques that combine PCR with mass spectrometry hold promise for the direct characterization of bacteria in valve tissue [61].




5. Imaging Studies: Underperformance and Previous Valve Degeneration


Cardiac imaging techniques are one of the cornerstones in the diagnosis of IE. Echocardiography stands as the first line for the diagnosis and management of these patients [62]. Specifically, transesophageal echocardiography (TEE) provides additional value due to its higher resolution the better visualization of valvular structures. Other imaging techniques, such as CT, CMR, or PET, play a complementary role in specific cases [63].



Transthoracic echocardiography (TTE) must be performed promptly when IE is suspected. If TTE is suggestive of IE, TEE is indicated to better assess the extension of the infection and the valvular function. A TEE must also be performed in case of high clinical suspicion of IE if TEE is negative or non-diagnostic or in the case of prosthetic valves. Moreover, repeated TTE and/or TEE should be made 5–7 days after initial imaging if clinical suspicion of IE remains high [9,62,63]. Major diagnostic criteria of IE in echocardiography are vegetations, abscess or pseudoaneurysm, new valve regurgitation, and new dehiscence of a prosthetic valve. The characterization of these findings is also relevant for prognosis assessment and to guide therapeutic decisions. Thus, large vegetations, periannular complications, or severe valvular regurgitation pose a higher risk and support surgical indications in many cases. Three-dimensional TEE may provide additional value for this purpose, as it can better characterize vegetation size and perivalvular extension [64]. Follow-up echocardiography is recommended if a change in clinical condition occurs after initial diagnosis and to monitor response to medical therapy.



These recommendations apply to older patients, but some differences may be noted. López-Wolf et al. analyzed a cohort of 582 patients diagnosed with possible or definitive IE, comparing clinical and echocardiographic findings in three age groups: <65, 65–79, and ≥80 years [31]. TEE showed higher performance than TTE regardless of the age group. Vegetations were less likely to be detected in octogenarian patients than in their younger counterparts, both with TTE and TEE. TTE underperformance in the elderly may be related to a suboptimal acoustic window, whereas TEE can be attributed to degenerative changes in valvular structure. Valve degeneration, including fibrosis and calcification, is widespread in older patients, and it can be challenging to identify vegetation, even with TEE [31,34].



Multislice computed tomography (MSCT) provides high resolution to detect and characterize the perivalvular extension of IE (abscess, pseudoaneurysm, fistula) [65]. This technique may also be helpful in the case of prosthetic valve infection [66]. CT can diagnose IE complications such as embolization and its complications (infarcts, abscesses, etc.) [9]. It may also be used for coronary assessment before surgery in cases with a low risk of coronary artery disease [67]. MRI has a higher sensitivity than CT for detecting cerebral embolism [68]. Nuclear imaging techniques, such as SPECT and PET, are useful in borderline cases (i.e., possible IE using the Duke criteria), mainly if prosthetic material is affected [69].




6. Global Assessment of the Elderly Patient with IE: Well Worth the Effort


Since antibiotic prophylaxis when indicated and other preventive measures are often not enough to prevent IE in elderly people, we should make an effort to improve its management to decrease its burden on the older population.



Age appears as a major risk factor for death regardless of concomitant comorbidities, but there is no clear explanation for this observation [32,34,70,71]. Aging is a heterogeneous process that gives rise to a wide variety of patient profiles ranging from healthy aging to bedridden patients. There is a continuum of frail patients with diverse functional abilities, nutritional status, cognition, and comorbidities, which explains the clinical variability between patients of the same chronological age.



Usual health conditions in frail individuals, such as cognitive impairment, delirium, falls, or urinary incontinence, can be characterized by a comprehensive geriatric assessment (CGA) [72]. The CGA includes a team consisting of geriatric specialists, nurses, and social workers that provides information not only on the clinical, functional, and cognitive status of patients but also assesses polypharmacy, goals of care, and living will. CGAs are increasingly applied to specific conditions, such as infective endocarditis [73]; choosing between surgery or transcatheter aortic valve replacement (TAVR) for patients with aortic stenosis [74]; vascular surgery [75]; and postoperative mortality risk [76].



The Elderly IE study by Forestier et al. reveals that IE dramatically impairs the functional status of the oldest patients. The functional and nutritional status were the only parameters associated with mortality independently of cardiac and infectious characteristics of IE. In this cohort, despite improving mobilization, nutrition, and treatment by the geriatrician, around 10% still required physical restraint because of agitation, fell, or developed pressure ulcers. These results show that the management of older patients with IE includes not only antibiotics and surgical decisions but also preventing and treating recurrent complications in the older population, such as delirium, malnutrition, functional decline, and adverse drug effects [73].



In the K.J. Lu et al. retrospective observational study, Charlson Co-morbidity Index > 3 was a strong predictor of mortality, in addition to age, new heart failure, and anemia over long-term follow-up in infective endocarditis [13].



In Rodriguez Villarreal et al.’s cohort, Fried’s criteria (unintentional weight loss, exhaustion, low physical activity, slowness, and weakness) have recently been evaluated in elderly patients with advanced chronic kidney disease. The recognition of frailty in old-age patients could be useful in order to provide information and make decisions regarding treatment options [77,78,79].



Likewise, Olga H. Torres et al. highlight the importance of functional assessment of elderly patients with community-acquired pneumonia in hospitals. A basic evaluation of the activity of daily living in the emergency department could provide information about mortality risk and would help physicians in clinical decision-making without overestimating risk related to chronological age [80].



“Endocarditis teams” have been created in many reference centers, and studies have shown their impact, with improvements in early diagnosis, management strategies, and survival [13]. Incorporating geriatricians can help individualize treatment, placing management decisions in the context of risks, burdens, benefits, and prognosis, including remaining life expectancy, functional status, quality of life, and patient and family preferences and ethical aspects [81].



Since there is no specific management for elderly patients in the reference guidelines, we propose a comprehensive assessment with reliable instruments or scales validated to study functional status in older adults (Table 3).




7. Antibiotic Treatment: The Shorter, the Better. Diminishing Interactions and Adverse Effects


IE treatment requires high-dose and prolonged (2 to 6 weeks) antibiotic therapies regardless of the surgery’s indication and timing [4]. Although there is consensus among experts on the principles of IE antibiotic treatment, all recommendations in recent international guidelines are based on B-C evidence levels [9,10]. Moreover, specific recommendations for older patients are not included. Nevertheless, some aspects should be taken into account.



First, the plasmatic concentration of antibiotics can vary significantly with age due to altered renal and liver function [4], lower plasma albumin concentration (reduced transport of highly protein-bound drugs and their resulting free fraction) [15], fat mass index (changes in the volume of distribution alteration), etc. Thus, high antibiotic doses required in IE treatment imply an increased risk of adverse events (AEs) in the elderly: renal toxicity mainly caused by aminoglycosides and glycopeptides, but also by cloxacillin [93], neurological effects induced by high doses of penicillin, gastrointestinal adverse effects with rifampicin, etc. [94]. Although specific equations particularly developed to estimate glomerular filtration rate in the elderly, such as BIS1 (Berlin Initiative Study 1), have shown to be more precise and applicable than traditional ones (Cockroft-Gault, MDRD, CKD-EPI) [95,96,97,98,99], eGFR can still be misleading in this population due to reduced muscle mass [27]. Accordingly, therapeutic drug monitoring is essential in this population, especially when using narrow therapeutic index antibiotics [100,101,102]. A reduction in aminoglycoside use, recommended in the latest guidelines (no longer recommended in Staphylococcus aureus native-valve IE and shortened to 2 weeks in Enterococcus faecalis and streptococci with penicillin MIC > 0.125 μg/mL) [9], as well as aminoglycoside replacement by ceftriaxone in E. faecalis treatment [103,104,105,106], should be preferential in older people [107,108]. Despite recent efforts to improve vancomycin drug monitoring [100,101,109,110], daptomycin has shown a lower risk of clinical failure and treatment-limiting AEs than vancomycin [111,112,113,114] and should be preferentially used when available. Despite being a core recommendation, the benefit of adjunctive rifampicin therapy in staphylococcal prosthetic valve IE is uncertain [115,116]. It implies a high risk of clinically relevant drug interactions [117,118], which constitutes a differential problem in older polymedicated patients. In non-HACEK GNB etiology, combination therapy with quinolones may be associated with a better prognosis, but additional studies are needed to define the optimal treatment for these patients [51].



Additionally, prolonged intravenous antibiotic therapy in the elderly is troublesome due to poor peripheral venous access, the development of hyperactive delirium, a higher risk of catheter infection, and falls related to intravenous lines [94]. Furthermore, extended hospitalization stays for prolonged intravenous treatments have a considerable impact on functional status in older patients [76,119,120,121]. Outpatient parenteral antibiotic therapy (OPAT) has shown excellent results despite the use of broader selection criteria than those recommended by IDSA [10] in the recently published experience of the GAMES cohort [122]. However, OPAT at home, despite being a cost-effective alternative for older people [123], is not available in most settings, and age-related conditions also complicate attendance at day hospitals for this purpose. The partial oral treatment of endocarditis in clinically stable patients after initial intravenous antibiotic therapy has been shown to be non-inferior to continued intravenous antibiotic treatment in patients (including those ≥ 65 years old) with left heart endocarditis [124,125], also after a 5-year follow-up period [126]. Therefore, it could be an interesting approach to shorten the length of stay and limit the impact on the functional status of IE in the elderly. Additionally, treatment with long-acting lipoglycopeptides (administration once every 1–2 weeks) for consolidation treatment could also allow prompt hospital discharge [127] and avoid compliance problems of oral therapies in this population due to poor cognitive function, impaired hearing or vision, and complex regimens of polypharmacy [4].




8. Surgical Treatment: To Operate or Not to Operate?


Surgical treatment of IE continues to constitute a controversial debate both in academic and clinical scenarios, even more in elderly patients due to age-related higher surgical risk. Lack of consensus is based on the scarce and low-quality scientific evidence as well as on different tendencies among diverse groups and surgical scenarios.



The surgical indication is well-established based on cardiac and infectious complications that have not changed substantially in the latest international guidelines compared to previous ones. In both native and prosthetic valve IE, surgery is recommended in the presence of acute heart failure due to valve incompetence, major, or recurrent embolisms, large mobile vegetations, fever or persistent positive blood cultures despite adequate antibiotic therapy, new-onset conduction disturbances, abscesses, intracavitary fistulae, or aggressive microorganisms [9,10,128,129].



Nonetheless, despite several studies finding lower mortality in operated patients, older patients are less likely to be operated on [17,29,32,130,131]. ESC guidelines recommend assessing clinical status, comorbidities, and operative risk to guide the decision in patients with surgical indication [9]. The most frequently used risk scores in the surgical treatment of endocarditis (STS-IE, De Feo-Cotrufo, PALSUSE, Costa, RISK-E score, AEPEI score, EndoScore, SpecificEuroSCORE I and II, APORTE) include active IE as a highly weighted independent variable to predict mortality and adverse clinical events. However, no surgical score is currently validated for IE, and preoperative scores validated for other cardiac surgeries do not include geriatric parameters [4].



Even with similar demographics and surgical procedures, elderly patients are at higher risk of in-hospital mortality and complications after surgery for left-side IE than younger patients. Nevertheless, if such patients are stabilized by surgery and survive to discharge, mid-term outcomes are similar to those of the younger population [29,32,130,131].



Most authors conclude that surgical recommendations should be better implemented in the elderly to improve outcomes, but most studies lack a characterization of the geriatric profiles of these patients [94]. When the geriatric profile is assessed, it differs in operated patients from non-operated ones. Patients treated with surgery are usually younger, with fewer comorbidities and better functional and nutritional status [4,76]. Furthermore, although comorbidities such as renal dysfunction, cerebrovascular disease, previous valve surgery, and a poor clinical state are associated with a worse outcome in these patients, they do not influence the decision to operate as much as age and cardiac variables (especially left ventricular dysfunction), as the Euro Heart Survey showed [131].



Accurate surgical management planning and careful assessment before disease progression are mandatory to improve outcomes [132]. Regarding optimal timing, early surgery (i.e., interventions performed before finishing the whole antibiotic course for the responsible microorganism) to avoid complications is increasingly recommended [133], as it has the potential to improve survival also in elderly patients [71]. The most frequent factors leading to shortened time till surgery are the presence of prosthetic valve IE or highly aggressive microorganisms (usually staphylococci, Gram-negative bacilli, and, less frequently, fungi) responsible for the severe and fast worsening of the patient clinical status [9,129,134].



Till better prognostic scores for surgical treatment of IE, including frailty and geriatric items, are developed, “Endocarditis teams” formed by geriatricians, cardiologists, cardiac surgeons, and infectious disease specialists should assess each patient to decide on the best management of individual base [18]. In high surgical risk patients, the transcatheter fixing of left-sided valve regurgitation could help to reduce the high 1-year mortality attributed to severe infection-related valve damage [27,135,136]. Lower rates of surgical complications and early patient mobilization with these techniques are particularly important in this population [131].




9. IE after TAVI: A Frequent Specific Situation in the Elderly Patient


Due to the relatively low procedural risks of TAVI compared to surgical aortic valve replacement, it is increasingly used, particularly in older patients. The incidence of IE after TAVI is comparable with the one after surgical aortic valve replacement and is around 1% per person-year [137,138,139]. However, the morbidity and mortality associated with IE after TAVI are higher, probably due to a worse clinical profile of the patients who usually are older, more fragile, and present multiple comorbidities. In this sense, in-hospital and one-year mortality rates in IE after TAVI have been reported to be as high as 30–40% and up to 66%, respectively [137,138,139].



The main risk factors for IE after TAVI are mainly related to the patients’ baseline clinical status, especially heart failure, cardiovascular risk factors, or significant aortic regurgitation concomitant to aortic stenosis [137]. Still, many events that can occur during the implantation process are also implicated in the incidence of IE, such as orotracheal intubation, need for permanent pacemaker placement, cardiac arrest, or major bleeding [140]. Furthermore, recent research has reported a higher risk of IE in patients undergoing implantation of self-expandable prostheses [139].



Although the etiology of IE after TAVI varies among different registries, it is predominantly caused by Enterococcus spp. in 25–30%, of cases, specifically in early infections within the first year of implantation, followed by Staphylococcus and Streptococcus spp. [139,140,141].



The diagnosis of IE after TAVI is complex because frequently, these patients present atypical symptoms and echocardiographic findings. Fever is the most prevalent symptom, but it is less frequent than in cases of IE in the general population [22]. In addition, a new regurgitant heart murmur, an important sign for the diagnosis of IE, may be less valuable in TAVI patients because of their high rate of residual paravalvular leaks and valvular regurgitation after the procedure [142]. Vegetations are commonly detected, but periannular complications are found in up to 50% of the cases [141].



The extremely high surgical risk of the patients with TAVI and the technical difficulties of an explantation of a large stent in ascending aorta are probably the main reasons that discourage surgical intervention in patients with IE after TAVI [139]. Nevertheless, patients with complications derived from IE such as heart failure who do not undergo surgery present a mortality rate of around 90% [141]. An individualized therapeutical approach considering the patient’s functional status and frailty and new options such as valve-in-valve techniques are promising in this complex disease [139].




10. Conclusions


IE epidemiology has changed from a disease mainly related to young people and caused by Streptococcus viridans to one generally associated with older patients, enterococcal etiology, and mostly linked to health care. Improving our knowledge of the specificity of IE in the elderly is essential, since recent guidelines on IE do not provide special considerations for its management, and the extent to which the recommendations can be applied to these patients remains poorly evaluated due to the lack of large multicentric cohorts and the heterogeneity of this population. We need more clinical trials in this group to assess the impact of multidisciplinary and individualized approaches on mortality and quality of life, clinical decision-making, and cost outcomes. Nonetheless, cooperative multidisciplinary management is key to performing a more global patient assessment and deciding the best therapeutic approach for elderly patients with IE.







Author Contributions


Conceptualization, C.B. (Carlos Bea), S.V. and C.B. (Clara Bonanad); methodology, C.B. (Carlos Bea), S.V. and C.B. (Clara Bonanad); writing—original draft preparation, C.B. (Carlos Bea), S.V., C.B. (Clara Bonanad) and S.G.-B.; writing—review and editing, C.B. (Carlos Bea), S.V., S.G.-B., J.-A.P.-R., P.D.-V., A.I.d.G., E.F., M.R.O., A.F., A.B., E.S., M.P., J.C., A.D., V.B., M.J.F. and F.J.C.; supervision, C.B. (Clara Bonanad); funding acquisition, C.B. (Clara Bonanad). All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by Instituto de Salud Carlos III and FEDER funds (Exp. JR/21/00041 and PI20/00637) and Generalitat Valencia (Exp. PROMETEO/21/008).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


The authors acknowledge the Geriatric Cardiology Section from the Spanish Society of Cardiology (SEC).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bin Abdulhak, A.A.; Baddour, L.M.; Erwin, P.J.; Hoen, B.; Chu, V.H.; Mensah, G.A.; Tleyjeh, I.M. Global and Regional Burden of Infective Endocarditis, 1990-2010: A Systematic Review of the Literature. Glob. Heart 2014, 9, 131–143. [Google Scholar] [CrossRef] [PubMed]

	



Tleyjeh, I.M.; Abdel-Latif, A.; Rahbi, H.; Scott, C.G.; Bailey, K.R.; Steckelberg, J.M.; Wilson, W.R.; Baddour, L.M. A Systematic Review of Population-Based Studies of Infective Endocarditis. Chest 2007, 132, 1025–1035. [Google Scholar] [CrossRef] [PubMed]

	



Fernández-Hidalgo, N.; Tornos Mas, P. Epidemiology of Infective Endocarditis in Spain in the Last 20 Years. Rev. Esp. de Cardiol. (Engl. Ed.) 2013, 66, 728–733. [Google Scholar] [CrossRef]

	



Ursi, M.P.; Durante Mangoni, E.; Rajani, R.; Hancock, J.; Chambers, J.B.; Prendergast, B. Infective Endocarditis in the Elderly: Diagnostic and Treatment Options. Drugs Aging 2019, 36, 115–124. [Google Scholar] [CrossRef]

	



United Nations, Department of Economic and Social Affairs, Population Division. Available online: https://population.un.org/wpp/Download/Standard/Population/ (accessed on 30 March 2022).

	



Kaczmarek, E. How to Distinguish Medicalization from Over-Medicalization? Med. Health Care Philos. 2019, 22, 119–128. [Google Scholar] [CrossRef]

	



Blasco-Fontecilla, H. Medicalization, Wish-Fulfilling Medicine, and Disease Mongering: Toward a Brave New World? Rev. Clin. Esp. 2014, 214, 104–107. [Google Scholar] [CrossRef]

	



Clark, J. Medicalization of Global Health 1: Has the Global Health Agenda Become Too Medicalized? Glob. Health Action 2014, 7, 23998. [Google Scholar] [CrossRef] [PubMed]

	



Habib, G.; Lancellotti, P.; Antunes, M.J.; Bongiorni, M.G.; Casalta, J.P.; del Zotti, F.; Dulgheru, R.; el Khoury, G.; Erba, P.A.; Iung, B.; et al. 2015 ESC Guidelines for the Management of Infective Endocarditis. Eur. Heart J. 2015, 36, 3075–3123. [Google Scholar] [CrossRef]

	



Baddour, L.M.; Wilson, W.R.; Bayer, A.S.; Fowler, V.G.; Tleyjeh, I.M.; Rybak, M.J.; Barsic, B.; Lockhart, P.B.; Gewitz, M.H.; Levison, M.E.; et al. Infective Endocarditis in Adults: Diagnosis, Antimicrobial Therapy, and Management of Complications: A Scientific Statement for Healthcare Professionals from the American Heart Association. Circulation 2015, 132, 1435–1486. [Google Scholar] [CrossRef] [PubMed]

	



Marques, A.; Cruz, I.; Caldeira, D.; Alegria, S.; Gomes, A.C.; Broa, A.L.; João, I.; Pereira, H. Risk Factors for In-Hospital Mortality in Infective Endocarditis. Arq. Bras. de Cardiol. 2020, 114, 1–8. [Google Scholar] [CrossRef]

	



Armiñanzas, C.; Fariñas-Alvarez, C.; Zarauza, J.; Muñoz, P.; González Ramallo, V.; Martínez Sellés, M.; Miró Meda, J.M.; Pericás, J.M.; Goenaga, M.Á.; Ojeda Burgos, G.; et al. Role of Age and Comorbidities in Mortality of Patients with Infective Endocarditis. Eur. J. Intern Med. 2019, 64, 63–71. [Google Scholar] [CrossRef]

	



Lu, K.J.; Kearney, L.G.; Ord, M.; Jones, E.; Burrell, L.M.; Srivastava, P.M. Age Adjusted Charlson Co-Morbidity Index Is an Independent Predictor of Mortality over Long-Term Follow-up in Infective Endocarditis. Int. J. Cardiol. 2013, 168, 5243–5248. [Google Scholar] [CrossRef]

	



Lemos, L.H.B.; da Silva, L.R.; Correa, M.G.; Golebiovski, W.; Weksler, C.; Garrido, R.Q.; Barbosa, G.F.; da Cruz Lamas, C. Infective Endocarditis in the Elderly: Distinct Characteristics. Arq. Bras. de Cardiol. 2021, 117, 775–781. [Google Scholar] [CrossRef] [PubMed]

	



Forestier, E.; Fraisse, T.; Roubaud-Baudron, C.; Selton-Suty, C.; Pagani, L. Managing Infective Endocarditis in the Elderly: New Issues for an Old Disease. Clin. Interv. Aging 2016, 11, 1199–1206. [Google Scholar] [CrossRef] [PubMed]

	



Bassetti, M.; Venturini, S.; Crapis, M.; Ansaldi, F.; Orsi, A.; della Mattia, A.; Sinagra, G.; Pinamonti, B.; Rellini, G.; Moretti, V.; et al. Infective Endocarditis in Elderly: An Italian Prospective Multi-Center Observational Study. Int. J. Cardiol. 2014, 177, 636–638. [Google Scholar] [CrossRef] [PubMed]

	



Menchi-Elanzi, M.; Ramos-Rincón, J.M.; Merino-Lucas, E.; Reus-Bañuls, S.; Torrús-Tendero, D.; Clíment-Paya, V.; Boix, V.; Portilla-Sogorb, J. Infective Endocarditis in Elderly and Very Elderly Patients. Aging Clin. Exp. Res. 2020, 32, 1383–1388. [Google Scholar] [CrossRef] [PubMed]

	



Cahill, T.J.; Baddour, L.M.; Habib, G.; Hoen, B.; Salaun, E.; Pettersson, G.B.; Schäfers, H.J.; Prendergast, B.D. Challenges in Infective Endocarditis. J. Am. Coll. Cardiol. 2017, 69, 325–344. [Google Scholar] [CrossRef] [PubMed]

	



Ambrosioni, J.; Hernandez-Meneses, M.; Téllez, A.; Pericàs, J.; Falces, C.; Tolosana, J.; Vidal, B.; Almela, M.; Quintana, E.; Llopis, J.; et al. The Changing Epidemiology of Infective Endocarditis in the Twenty-First Century. Curr. Infect Dis. Rep. 2017, 19, 21. [Google Scholar] [CrossRef]

	



Wang, A.; Gaca, J.G.; Chu, V.H. Management Considerations in Infective Endocarditis: A Review. JAMA 2018, 320, 72–83. [Google Scholar] [CrossRef]

	



Pant, S.; Patel, N.J.; Deshmukh, A.; Golwala, H.; Patel, N.; Badheka, A.; Hirsch, G.A.; Mehta, J.L. Trends in Infective Endocarditis Incidence, Microbiology, and Valve Replacement in the United States from 2000 to 2011. J. Am. Coll. Cardiol. 2015, 65, 2070–2076. [Google Scholar] [CrossRef]

	



Hoen, B.; Duval, X. Clinical Practice. Infective Endocarditis. N. Engl. J. Med. 2013, 368, 1425–1433. [Google Scholar] [CrossRef]

	



Seckeler, M.D.; Hoke, T.R. The Worldwide Epidemiology of Acute Rheumatic Fever and Rheumatic Heart Disease. Clin. Epidemiol. 2011, 3, 67–84. [Google Scholar] [CrossRef] [PubMed]

	



Slipczuk, L.; Codolosa, J.N.; Davila, C.D.; Romero-Corral, A.; Yun, J.; Pressman, G.S.; Figueredo, V.M. Infective Endocarditis Epidemiology over Five Decades: A Systematic Review. PLoS ONE 2013, 8, e111564. [Google Scholar] [CrossRef] [PubMed]

	



Williams, M.L.; Doyle, M.P.; McNamara, N.; Tardo, D.; Mathew, M.; Robinson, B. Epidemiology of Infective Endocarditis before versus after Change of International Guidelines: A Systematic Review. Ther. Adv. Cardiovasc. Dis. 2021, 15, 17539447211002687. [Google Scholar] [CrossRef] [PubMed]

	



Duval, X.; Hoen, B. Prophylaxis for Infective Endocarditis: Let’s End the Debate. Lancet 2015, 385, 1164–1165. [Google Scholar] [CrossRef]

	



Chirillo, F. It Is Not How Old You Are, It Is How You Are Old: Need for Changes in the Management of Infective Endocarditis in the Elderly. Heart 2017, 103, 1562–1564. [Google Scholar] [CrossRef]

	



Sy, R.W.; Kritharides, L. Health Care Exposure and Age in Infective Endocarditis: Results of a Contemporary Population-Based Profile of 1536 Patients in Australia. Eur. Heart J. 2010, 31, 1890–1897. [Google Scholar] [CrossRef] [PubMed]

	



Di Salvo, G.; Thuny, F.; Rosenberg, V.; Pergola, V.; Belliard, O.; Derumeaux, G.; Cohen, A.; Iarussi, D.; Giorgi, R.; Casalta, J.P.; et al. Endocarditis in the Elderly: Clinical, Echocardiographic, and Prognostic Features. Eur. Heart J. 2003, 24, 1576–1583. [Google Scholar] [CrossRef]

	



Oliver, L.; Lavoute, C.; Giorgi, R.; Salaun, E.; Hubert, S.; Casalta, J.P.; Gouriet, F.; Renard, S.; Saby, L.; Avierinos, J.F.; et al. Infective Endocarditis in Octogenarians. Heart 2017, 103, 1602–1609. [Google Scholar] [CrossRef]

	



López-Wolf, D.; Vilacosta, I.; San Román, J.A.; Fernández, C.; Sarriá, C.; López, J.; Revilla, A.; Manchado, R. Endocarditis Infecciosa En Pacientes Octogenarios. Rev. Esp. de Cardiol. 2011, 64, 329–333. [Google Scholar] [CrossRef]

	



Durante-Mangoni, E. Current Features of Infective Endocarditis in Elderly Patients. Arch. Intern. Med. 2008, 168, 2095. [Google Scholar] [CrossRef] [PubMed]

	



Kiriyama, H.; Kaneko, H.; Itoh, H.; Kamon, T.; Morita, K.; Jo, T.; Fujiu, K.; Daimon, M.; Takeda, N.; Morita, H.; et al. Surgical Treatment for Infective Endocarditis in the Ageing Society: A Nationwide Retrospective Study in Japan. Open Heart 2021, 8, e001627. [Google Scholar] [CrossRef]

	



López, J.; Revilla, A.; Vilacosta, I.; Sevilla, T.; Villacorta, E.; Sarriá, C.; Pozo, E.; Rollán, M.J.; Gómez, I.; Mota, P.; et al. Age-Dependent Profile of Left-Sided Infective Endocarditis: A 3-Center Experience. Circulation 2010, 121, 892–897. [Google Scholar] [CrossRef] [PubMed]

	



Gregoratos, G. Infective Endocarditis in the Elderly: Diagnosis and Management. Am. J. Geriatr. Cardiol. 2003, 12, 183–189. [Google Scholar] [CrossRef]

	



Thomsen, R.W.; Farkas, D.K.; Friis, S.; Sværke, C.; Ording, A.G.; Norgaard, M.; Sorensen, H.T. Endocarditis and Risk of Cancer: A Danish Nationwide Cohort Study. Am. J. Med. 2013, 126, 58–67. [Google Scholar] [CrossRef]

	



García-Albéniz, X.; Hsu, J.; Lipsitch, M.; Logan, R.W.; Hernández-Díaz, S.; Hernán, M.A. Infective Endocarditis and Cancer in the Elderly. Eur. J. Epidemiol. 2016, 31, 41–49. [Google Scholar] [CrossRef]

	



Soler, A.P.; Miller, R.D.; Laughlin, K.V.; Carp, N.Z.; Klurfeld, D.M.; Mullin, J.M. Increased Tight Junctional Permeability Is Associated with the Development of Colon Cancer. Carcinogenesis 1999, 20, 1425–1431. [Google Scholar] [CrossRef]

	



Gupta, A.; Madani, R.; Mukhtar, H. Streptococcus Bovis Endocarditis, a Silent Sign for Colonic Tumour. Colorectal. Dis. 2010, 12, 164–171. [Google Scholar] [CrossRef]

	



Klein, R.S.; Recco, R.A.; Catalano, M.T.; Edberg, S.C.; Casey, J.I.; Steigbigel, N.H. Association of Streptococcus Bovis with Carcinoma of the Colon. N. Engl. J. Med. 1977, 297, 800–802. [Google Scholar] [CrossRef]

	



Corredoira, J.; García-País, M.J.; Coira, A.; Rabuñal, R.; García-Garrote, F.; Pita, J.; Rodríguez-Macías, A.; Blanco, M.; Lopez-Roses, L.; López-Álvarez, M.J.; et al. Differences between Endocarditis Caused by Streptococcus Bovis and Enterococcus Spp. and Their Association with Colorectal Cancer. Eur. J. Clin. Microbiol. Infect Dis. 2015, 34, 1657–1665. [Google Scholar] [CrossRef] [PubMed]

	



Khan, Z.; Siddiqui, N.; Saif, M.W. Enterococcus Faecalis Infective Endocarditis and Colorectal Carcinoma: Case of New Association Gaining Ground. Gastroenterol. Res. 2018, 11, 238–240. [Google Scholar] [CrossRef] [PubMed]

	



Silva, E.C.F.; Montalvão, C.R.; Bonafé, S. Infectious Endocarditis from Enterococcus Faecalis Associated with Tubular Adenoma of the Sigmoid Colon. Case Rep. Infect Dis. 2017, 2017, 3095031. [Google Scholar] [CrossRef]

	



Escolà-Vergé, L.; Peghin, M.; Givone, F.; Pérez-Rodríguez, M.T.; Suárez-Varela, M.; Meije, Y.; Abelenda, G.; Almirante, B.; Fernández-Hidalgo, N. Prevalence of Colorectal Disease in Enterococcus Faecalis Infective Endocarditis: Results of an Observational Multicenter Study. Rev. Esp. Cardiol. (Engl. Ed.) 2020, 73, 711–717. [Google Scholar] [CrossRef] [PubMed]

	



Pericàs, J.M.; Corredoira, J.; Moreno, A.; García-País, M.J.; Falces, C.; Rabuñal, R.; Mestres, C.A.; Alonso, M.P.; Marco, F.; Quintana, E.; et al. Relationship between Enterococcus Faecalis Infective Endocarditis and Colorectal Neoplasm: Preliminary Results from a Cohort of 154 Patients. Rev. Esp. Cardiol. (Engl. Ed.) 2017, 70, 451–458. [Google Scholar] [CrossRef]

	



Pericàs, J.M.; Ambrosioni, J.; Muñoz, P.; de Alarcón, A.; Kestler, M.; Mari-Hualde, A.; Moreno, A.; Goenaga, M.; Fariñas, M.C.; Rodríguez-Álvarez, R.; et al. Prevalence of Colorectal Neoplasms Among Patients With Enterococcus Faecalis Endocarditis in the GAMES Cohort (2008–2017). Mayo Clin. Proc. 2021, 96, 132–146. [Google Scholar] [CrossRef]

	



Selton-Suty, C.; Hoen, B.; Grentzinger, A.; Houplon, P.; Maignan, M.; Juillière, Y.; Danchin, N.; Canton, P.; Cherrier, F. Clinical and Bacteriological Characteristics of Infective Endocarditis in the Elderly. Heart 1997, 77, 260–263. [Google Scholar] [CrossRef] [PubMed]

	



Cox, L.; Kloseck, M.; Crilly, R.; McWilliam, C.; Diachun, L. Underrepresentation of Individuals 80 Years of Age and Older in Chronic Disease Clinical Practice Guidelines. Can. Fam. Physician 2011, 57, e263. [Google Scholar] [PubMed]

	



Yang, E.; Frazee, B.W. Infective Endocarditis. Emerg. Med. Clin. N. Am 2018, 36, 645–663. [Google Scholar] [CrossRef] [PubMed]

	



Cahill, T.J.; Prendergast, B.D. Infective Endocarditis. Lancet 2016, 387, 882–893. [Google Scholar] [CrossRef]

	



Calderón Parra, J.; de Castro-Campos, D.; Muñoz García, P.; Olmedo Samperio, M.; Marín Arriaza, M.; de Alarcón, A.; Gutierrez-Carretero, E.; Fariñas Alvarez, M.C.; Miró Meda, J.M.; Goneaga Sanchez, M.Á.; et al. Non-HACEK Gram Negative Bacilli Endocarditis: Analysis of a National Prospective Cohort. Eur. J. Intern. Med. 2021, 92, 71–78. [Google Scholar] [CrossRef] [PubMed]

	



Diekema, D.J.; Hsueh, P.R.; Mendes, R.E.; Pfaller, M.A.; Rolston, K.V.; Sader, H.S.; Jones, R.N. The Microbiology of Bloodstream Infection: 20-Year Trends from the SENTRY Antimicrobial Surveillance Program. Antimicrob. Agents Chemother. 2019, 63, e00355-19. [Google Scholar] [CrossRef] [PubMed]

	



De Kraker, M.E.A.; Jarlier, V.; Monen, J.C.M.; Heuer, O.E.; van de Sande, N.; Grundmann, H. The Changing Epidemiology of Bacteraemias in Europe: Trends from the European Antimicrobial Resistance Surveillance System. Clin. Microbiol. Infect. 2013, 19, 860–868. [Google Scholar] [CrossRef] [PubMed]

	



Graff, L.R.; Franklin, K.K.; Witt, L.; Cohen, N.; Jacobs, R.A.; Tompkins, L.; Joseph Guglielmo, B. Antimicrobial Therapy of Gram-Negative Bacteremia at Two University-Affiliated Medical Centers. Am. J. Med. 2002, 112, 204–211. [Google Scholar] [CrossRef]

	



Morpeth, S.; Murdoch, D.; Cabell, C.H.; Karchmer, A.W.; Pappas, P.; Levine, D.; Nacinovich, F.; Tattevin, P.; Fernández-Hidalgo, N.; Dickerman, S.; et al. Non-HACEK Gram-Negative Bacillus Endocarditis. Ann. Intern Med. 2007, 147, 829–835. [Google Scholar] [CrossRef] [PubMed]

	



Falcone, M.; Tiseo, G.; Durante-Mangoni, E.; Ravasio, V.; Barbaro, F.; Ursi, M.P.; Pasticci, M.B.; Bassetti, M.; Grossi, P.; Venditti, M.; et al. Risk Factors and Outcomes of Endocarditis Due to Non-HACEK Gram-Negative Bacilli: Data from the Prospective Multicenter Italian Endocarditis Study Cohort. Antimicrob. Agents Chemother. 2018, 62, e02208-17. [Google Scholar] [CrossRef] [PubMed]

	



Loubet, P.; Lescure, F.X.; Lepage, L.; Kirsch, M.; Armand-Lefevre, L.; Bouadma, L.; Lariven, S.; Duval, X.; Yazdanpanah, Y.; Joly, V. Endocarditis Due to Gram-Negative Bacilli at a French Teaching Hospital over a 6-Year Period: Clinical Characteristics and Outcome. Infect Dis. (Lond.) 2015, 47, 889–895. [Google Scholar] [CrossRef] [PubMed]

	



Murdoch, D.R.; Corey, R.G.; Hoen, B.; Miró, M.; Fowler, V.G.; Bayer, A.S.; Karchmer, A.W.; Olaison, L.; Pappas, P.A.; Moreillon, P.; et al. Clinical Presentation, Etiology, and Outcome of Infective Endocarditis in the 21st Century: The International Collaboration on Endocarditis-Prospective Cohort Study. Arch. Intern. Med. 2009, 169, 463–473. [Google Scholar] [CrossRef]

	



Díez-Villanueva, P.; Muñoz, P.; Marín, M.; Bermejo, J.; de Alarcón González, A.; Fariñas, M.C.; Gutiérrez-Cuadra, M.; Pericás-Pulido, J.M.; Lepe, J.A.; Castelo, L.; et al. Infective Endocarditis: Absence of Microbiological Diagnosis Is an Independent Predictor of Inhospital Mortality. Int. J. Cardiol. 2016, 220, 162–165. [Google Scholar] [CrossRef]

	



Gould, F.K.; Denning, D.W.; Elliott, T.S.J.; Foweraker, J.; Perry, J.D.; Prendergast, B.D.; Sandoe, J.A.T.; Spry, M.J.; Watkin, R.W. Guidelines for the Diagnosis and Antibiotic Treatment of Endocarditis in Adults: A Report of the Working Party of the British Society for Antimicrobial Chemotherapy. J. Antimicrob. Chemother. 2012, 67, 269–289. [Google Scholar] [CrossRef]

	



Peeters, B.; Herijgers, P.; Beuselinck, K.; Peetermans, W.E.; Herregods, M.C.; Desmet, S.; Lagrou, K. Comparison of PCR-Electrospray Ionization Mass Spectrometry with 16S RRNA PCR and Amplicon Sequencing for Detection of Bacteria in Excised Heart Valves. J. Clin. Microbiol. 2016, 54, 2825–2831. [Google Scholar] [CrossRef]

	



Habib, G.; Badano, L.; Tribouilloy, C.; Vilacosta, I.; Zamorano, J.L.; Galderisi, M.; Voigt, J.U.; Sicari, R.; Cosyns, B.; Fox, K.; et al. Recommendations for the Practice of Echocardiography in Infective Endocarditis. Eur. J. Echocardiogr. 2010, 11, 202–219. [Google Scholar] [CrossRef] [PubMed]

	



Bruun, N.E.; Habib, G.; Thuny, F.; Sogaard, P. Cardiac Imaging in Infectious Endocarditis. Eur. Heart J. 2014, 35, 624–632. [Google Scholar] [CrossRef] [PubMed]

	



Berdejo, J.; Shibayama, K.; Harada, K.; Tanaka, J.; Mihara, H.; Gurudevan, S.V.; Siegel, R.J.; Shiota, T. Evaluation of Vegetation Size and Its Relationship with Embolism in Infective Endocarditis: A Real-Time 3-Dimensional Transesophageal Echocardiography Study. Circ. Cardiovasc. Imaging 2014, 7, 149–154. [Google Scholar] [CrossRef] [PubMed]

	



Feuchtner, G.M.; Stolzmann, P.; Dichtl, W.; Schertler, T.; Bonatti, J.; Scheffel, H.; Mueller, S.; Plass, A.; Mueller, L.; Bartel, T.; et al. Multislice Computed Tomography in Infective Endocarditis: Comparison with Transesophageal Echocardiography and Intraoperative Findings. J. Am. Coll. Cardiol. 2009, 53, 436–444. [Google Scholar] [CrossRef] [PubMed]

	



Fagman, E.; Perrotta, S.; Bech-Hanssen, O.; Flinck, A.; Lamm, C.; Olaison, L.; Svensson, G. ECG-Gated Computed Tomography: A New Role for Patients with Suspected Aortic Prosthetic Valve Endocarditis. Eur. Radiol. 2012, 22, 2407–2414. [Google Scholar] [CrossRef] [PubMed]

	



Hekimian, G.; Kim, M.; Passefort, S.; Duval, X.; Wolff, M.; Leport, C.; Leplat, C.; Steg, G.; Iung, B.; Vahanian, A.; et al. Preoperative Use and Safety of Coronary Angiography for Acute Aortic Valve Infective Endocarditis. Heart 2010, 96, 696–700. [Google Scholar] [CrossRef]

	



Cooper, H.A.; Thompson, E.C.; Laureno, R.; Fuisz, A.; Mark, A.S.; Lin, M.; Goldstein, S.A. Subclinical Brain Embolization in Left-Sided Infective Endocarditis: Results from the Evaluation by MRI of the Brains of Patients with Left-Sided Intracardiac Solid Masses (EMBOLISM) Pilot Study. Circulation 2009, 120, 585–591. [Google Scholar] [CrossRef] [PubMed]

	



Saby, L.; Laas, O.; Habib, G.; Cammilleri, S.; Mancini, J.; Tessonnier, L.; Casalta, J.P.; Gouriet, F.; Riberi, A.; Avierinos, J.F.; et al. Positron Emission Tomography/Computed Tomography for Diagnosis of Prosthetic Valve Endocarditis: Increased Valvular 18F-Fluorodeoxyglucose Uptake as a Novel Major Criterion. J. Am. Coll. Cardiol. 2013, 61, 2374–2382. [Google Scholar] [CrossRef]

	



Ramírez-Duque, N.; García-Cabrera, E.; Ivanova-Georgieva, R.; Noureddine, M.; Lomas, J.M.; Hidalgo-Tenorio, C.; Plata, A.; Gálvez-Acebal, J.; Ruíz-Morales, J.; de la Torre-Lima, J.; et al. Surgical Treatment for Infective Endocarditis in Elderly Patients. J. Infect. 2011, 63, 131–138. [Google Scholar] [CrossRef]

	



Remadi, J.P.; Nadji, G.; Goissen, T.; Zomvuama, N.A.; Sorel, C.; Tribouilloy, C. Infective Endocarditis in Elderly Patients: Clinical Characteristics and Outcome. Eur. J. Cardio-Thorac. Surg. 2009, 35, 123–129. [Google Scholar] [CrossRef]

	



Solomon, D.H. Geriatric Assessment: Methods for Clinical Decision Making. JAMA 1988, 259, 2450–2452. [Google Scholar] [CrossRef] [PubMed]

	



Boureau, A.S.; Trochu, J.N.; Colliard, C.; Volteau, C.; Jaafar, P.; Manigold, T.; le Tourneau, T.; Berrut, G.; de Decker, L. Determinants in Treatment Decision-Making in Older Patients with Symptomatic Severe Aortic Stenosis. Maturitas 2015, 82, 128–133. [Google Scholar] [CrossRef] [PubMed]

	



Partridge, J.S.L.; Harari, D.; Martin, F.C.; Peacock, J.L.; Bell, R.; Mohammed, A.; Dhesi, J.K. Randomized Clinical Trial of Comprehensive Geriatric Assessment and Optimization in Vascular Surgery. Br. J. Surg. 2017, 104, 679–687. [Google Scholar] [CrossRef] [PubMed]

	



Kim, S.W.; Han, H.S.; Jung, H.W.; Kim, K.I.; Hwang, D.W.; Kang, S.B.; Kim, C.H. Multidimensional Frailty Score for the Prediction of Postoperative Mortality Risk. JAMA Surg. 2014, 149, 633–640. [Google Scholar] [CrossRef]

	



Forestier, E.; Roubaud-Baudron, C.; Fraisse, T.; Patry, C.; Gavazzi, G.; Hoen, B.; Carauz-Paz, P.; Moheb-Khosravi, B.; Delahaye, F.; Sost, G.; et al. Comprehensive Geriatric Assessment in Older Patients Suffering from Infective Endocarditis. A Prospective Multicentric Cohort Study. Clin. Microbiol. Infect. 2019, 25, 1246–1252. [Google Scholar] [CrossRef] [PubMed]

	



Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.; Burke, G.; et al. Frailty in Older Adults: Evidence for a Phenotype. J. Gerontol.-Ser. A Biol. Sci. Med. Sci. 2001, 56, M146–M157. [Google Scholar] [CrossRef] [PubMed]

	



Rodriguez Villarreal, I.; Ortega, O.; Hinostroza, J.; Cobo, G.; Gallar, P.; Mon, C.; Herrero, J.C.; Ortiz, M.; di Giogia, C.; Oliet, A.; et al. Geriatric Assessment for Therapeutic Decision-Making Regarding Renal Replacement in Elderly Patients with Advanced Chronic Kidney Disease. Nephron Clin Pr. 2014, 128, 73–78. [Google Scholar] [CrossRef]

	



Díez-Villanueva, P.; Arizá-Solé, A.; Vidán, M.T.; Bonanad, C.; Formiga, F.; Sanchis, J.; Martín-Sánchez, F.J.; Ruiz Ros, V.; Sanmartín Fernández, M.; Bueno, H.; et al. Recommendations of the Geriatric Cardiology Section of the Spanish Society of Cardiology for the Assessment of Frailty in Elderly Patients With Heart Disease. Rev. Esp. de Cardiol. (Engl. Ed.) 2019, 72, 63–71. [Google Scholar] [CrossRef]

	



Torres, O.H.; Muñoz, J.; Ruiz, D.; Ris, J.; Gich, I.; Coma, E.; Gurguí, M.; Vázqnez, G. Outcome Predictors of Pneumonia in Elderly Patients: Importance of Functional Assessment. J. Am. Geriatr. Soc. 2004, 52, 1603–1609. [Google Scholar] [CrossRef]

	



Ickowicz, E. Guiding Principles for the Care of Older Adults with Multimorbidity: An Approach for Clinicians: American Geriatrics Society Expert Panel on the Care of Older Adults with Multimorbidity. J. Am. Geriatr. Soc. 2012, 60, E1–E25. [Google Scholar] [CrossRef]

	



Rockwood, K.; Song, X.; MacKnight, C.; Bergman, H.; Hogan, D.B.; McDowell, I.; Mitnitski, A. A Global Clinical Measure of Fitness and Frailty in Elderly People. CMAJ 2005, 173, 489–495. [Google Scholar] [CrossRef]

	



Mahoney, F.I.; Barthel, D.W. Functional evaluation: The barthel index. Md. State Med. J. 1965, 14, 61–65. [Google Scholar] [PubMed]

	



Katz, S.; Ford, A.B.; Moskowitz, R.W.; Jackson, B.A.; Jaffe, M.W. Studies of illness in the aged. The index of ADL: A standardized measure of biological and psychosocial function. JAMA 1963, 185, 914–919. [Google Scholar] [CrossRef] [PubMed]

	



Lawton, M.P.; Brody, E.M. Assessment of Older People: Self-Maintaining and Instrumental Activities of Daily Living. Gerontologist 1969, 9, 179–186. [Google Scholar] [CrossRef] [PubMed]

	



Mathias, S.; Nayak, U.S.; Isaacs, B. Balance in Elderly Patients: The “Get-up and Go” Test. Arch. Phys. Med. Rehabil. 1986, 67, 387–389. [Google Scholar] [PubMed]

	



Tinetti, M.E. Performance-Oriented Assessment of Mobility Problems in Elderly Patients. J. Am. Geriatr. Soc. 1986, 34, 119–126. [Google Scholar] [CrossRef] [PubMed]

	



Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-Mental State”: A Practical Method for Grading the Cognitive State of Patients for the Clinician. J. Psychiatr. Res. 1975, 12, 189–198. [Google Scholar] [CrossRef]

	



Inouye, S.K.; van Dyck, C.H.; Alessi, C.A.; Balkin, S.; Siegal, A.P.; Horwitz, R.I. Clarifying Confusion: The Confusion Assessment Method. A New Method for Detection of Delirium. Ann. Intern. Med. 1990, 113, 941–948. [Google Scholar] [CrossRef]

	



Brink, T.L.; Yesavage, J.A.; Lum, O.; Heersema, P.H.; Adey, M.; Rose, T.L. Screening Tests for Geriatric Depression. Clin. Gerontol. 2008, 1, 37–43. [Google Scholar] [CrossRef]

	



Charlson, M.; Szatrowski, T.P.; Peterson, J.; Gold, J. Validation of a Combined Comorbidity Index. J. Clin. Epidemiol. 1994, 47, 1245–1251. [Google Scholar] [CrossRef]

	



Guigoz, Y.; Vellas, B. The Mini Nutritional Assessment (MNA) for Grading the Nutritional State of Elderly Patients: Presentation of the MNA, History and Validation. Nestle Nutr. Workshop Ser. Clin. Perform. Programme 1999, 1, 3–11; discussion 11–12. [Google Scholar] [CrossRef] [PubMed]

	



Lavergne, A.; Vigneau, C.; Polard, E.; Triquet, L.; Rioux-Leclercq, N.; Tattevin, P.; Golbin, L. Acute Kidney Injury during Treatment with High-Dose Cloxacillin: A Report of 23 Cases and Literature Review. Int. J. Antimicrob. Agents 2018, 52, 344–349. [Google Scholar] [CrossRef] [PubMed]

	



Forestier, E.; Selton-Suty, C.; Roubaud-Baudron, C. Managing Infective Endocarditis in Older Patients: Do We Need a Geriatrician? Aging Clin. Exp. Res. 2021, 33, 719–722. [Google Scholar] [CrossRef] [PubMed]

	



Xia, F.; Hao, W.; Liang, J.; Wu, Y.; Yu, F.; Hu, W.; Zhao, Z.; Liu, W. Applicability of Creatinine-Based Equations for Estimating Glomerular Filtration Rate in Elderly Chinese Patients. BMC Geriatr. 2021, 21, 481. [Google Scholar] [CrossRef]

	



Takigawa, M.; Tanaka, H.; Obara, T.; Maeda, Y.; Sato, M.; Shimazaki, Y.; Mori, Y.; Ishigami, A.; Ishii, T. Utility of the Berlin Initiative Study-1 Equation for the Prediction of Serum Vancomycin Concentration in Elderly Patients Aged 75 Years and Older. Pharmazie 2022, 77, 76–80. [Google Scholar] [CrossRef] [PubMed]

	



Raman, M.; Middleton, R.J.; Kalra, P.A.; Green, D. Estimating Renal Function in Old People: An in-Depth Review. Int. Urol. Nephrol. 2017, 49, 1979. [Google Scholar] [CrossRef]

	



Escribano-Serrano, J.; Casto-Jarillo, C.; Berruguilla-Pérez, E.; González-Borrachero, M.; Santotoribio, J.D.; Cañavate-Solano, C.; Calero-Ruiz, M.M.; Michán-Doña, A. Concordancia Entre Las Ecuaciones «Chronic Kidney Disease Epidemiological Collaboration» y «Modification of Diet in Renal Disease» Con La «Berlin Initiative Study» Para Estimar La Función Renal En Las Personas Mayores. Med. de Familia. SEMERGEN 2019, 45, 441–448. [Google Scholar] [CrossRef]

	



Gómez Carracedo, A.; Baztán Cortés, J.J. Renal Function Evaluation Methods in the Elderly: Reliability and Clinical Implications. Rev. Esp. de Geriatr. Y Gerontol. 2009, 44, 266–272. [Google Scholar] [CrossRef]

	



Monteiro, J.F.; Hahn, S.R.; Gonçalves, J.; Fresco, P. Vancomycin Therapeutic Drug Monitoring and Population Pharmacokinetic Models in Special Patient Subpopulations. Pharm. Res Perspect 2018, 6, e00420. [Google Scholar] [CrossRef]

	



Cusumano, J.A.; Klinker, K.P.; Huttner, A.; Luther, M.K.; Roberts, J.A.; LaPlante, K.L. Towards Precision Medicine: Therapeutic Drug Monitoring-Guided Dosing of Vancomycin and β-Lactam Antibiotics to Maximize Effectiveness and Minimize Toxicity. Am. J. Health Syst. Pharm. 2020, 77, 1104–1112. [Google Scholar] [CrossRef]

	



Falcone, M.; Paul, M.; Tiseo, G.; Yahav, D.; Prendki, V.; Friberg, L.E.; Guerri, R.; Gavazzi, G.; Mussini, C.; Tinelli, M. Considerations for the Optimal Management of Antibiotic Therapy in Elderly Patients. J. Glob. Antimicrob. Resist. 2020, 22, 325–333. [Google Scholar] [CrossRef] [PubMed]

	



Fernández-Hidalgo, N.; Almirante, B.; Gavaldà, J.; Gurgui, M.; Peña, C.; de Alarcón, A.; Ruiz, J.; Vilacosta, I.; Montejo, M.; Vallejo, N.; et al. Ampicillin plus Ceftriaxone Is as Effective as Ampicillin plus Gentamicin for Treating Enterococcus Faecalis Infective Endocarditis. Clin. Infect Dis. 2013, 56, 1261–1268. [Google Scholar] [CrossRef] [PubMed]

	



Shah, N.H.; Shutt, K.A.; Doi, Y. Ampicillin-Ceftriaxone vs Ampicillin-Gentamicin for Definitive Therapy of Enterococcus Faecalis Infective Endocarditis: A Propensity Score-Matched, Retrospective Cohort Analysis. Open Forum Infect. Dis. 2021, 8, ofab102. [Google Scholar] [CrossRef]

	



Mirna, M.; Topf, A.; Schmutzler, L.; Hoppe, U.C.; Lichtenauer, M. Time to Abandon Ampicillin plus Gentamicin in Favour of Ampicillin plus Ceftriaxone in Enterococcus Faecalis Infective Endocarditis? A Meta-Analysis of Comparative Trials. Clin. Res. Cardiol. 2021. [Google Scholar] [CrossRef] [PubMed]

	



Pericas, J.M.; Cervera, C.; del Rio, A.; Moreno, A.; Garcia de la Maria, C.; Castañeda, X.; Armero, Y.; Gatell, J.M.; Miro, J.M.; Almela, M.; et al. Changes in the Treatment of Enterococcus Faecalis Infective Endocarditis in Spain in the Last 15 Years: From Ampicillin plus Gentamicin to Ampicillin plus Ceftriaxone. Clin. Microbiol. Infect. 2014, 20, O1075–O1083. [Google Scholar] [CrossRef] [PubMed]

	



Lebeaux, D.; Fernández-Hidalgo, N.; Pilmis, B.; Tattevin, P.; Mainardi, J.L. Aminoglycosides for Infective Endocarditis: Time to Say Goodbye? Clin. Microbiol. Infect. 2020, 26, 723–728. [Google Scholar] [CrossRef] [PubMed]

	



Chambers, H.F.; Bayer, A.S. Native-Valve Infective Endocarditis. N. Engl. J. Med. 2020, 383, 567–576. [Google Scholar] [CrossRef]

	



Barber, K.E.; Bell, A.M.; Stover, K.R.; Wagner, J.L. Intravenous Vancomycin Dosing in the Elderly: A Focus on Clinical Issues and Practical Application. Drugs Aging 2016, 33, 845–854. [Google Scholar] [CrossRef] [PubMed]

	



Neely, M.N.; Kato, L.; Youn, G.; Kraler, L.; Bayard, D.; van Guilder, M.; Schumitzky, A.; Yamada, W.; Jones, B.; Minejima, E. Prospective Trial on the Use of Trough Concentration versus Area under the Curve To Determine Therapeutic Vancomycin Dosing. Antimicrob. Agents Chemother. 2018, 62, e02042-17. [Google Scholar] [CrossRef] [PubMed]

	



Fowler, V.G.; Boucher, H.W.; Corey, G.R.; Abrutyn, E.; Karchmer, A.W.; Rupp, M.E.; Levine, D.P.; Chambers, H.F.; Tally, F.P.; Vigliani, G.A.; et al. Daptomycin versus Standard Therapy for Bacteremia and Endocarditis Caused by Staphylococcus Aureus. N. Engl. J. Med. 2006, 355, 653–665. [Google Scholar] [CrossRef]

	



Moise, P.A.; Culshaw, D.L.; Wong-Beringer, A.; Bensman, J.; Lamp, K.C.; Smith, W.J.; Bauer, K.; Goff, D.A.; Adamson, R.; Leuthner, K.; et al. Comparative Effectiveness of Vancomycin Versus Daptomycin for MRSA Bacteremia with Vancomycin MIC >1 Mg/L: A Multicenter Evaluation. Clin. Ther. 2016, 38, 16–30. [Google Scholar] [CrossRef]

	



Claeys, K.C.; Zasowski, E.J.; Casapao, A.M.; Lagnf, A.M.; Nagel, J.L.; Nguyen, C.T.; Hallesy, J.A.; Compton, M.T.; Kaye, K.S.; Levine, D.P.; et al. Daptomycin Improves Outcomes Regardless of Vancomycin MIC in a Propensity-Matched Analysis of Methicillin-Resistant Staphylococcus Aureus Bloodstream Infections. Antimicrob. Agents Chemother. 2016, 60, 5841–5848. [Google Scholar] [CrossRef] [PubMed]

	



Maraolo, A.E.; Giaccone, A.; Gentile, I.; Saracino, A.; Bavaro, D.F. Daptomycin versus Vancomycin for the Treatment of Methicillin-Resistant Staphylococcus Aureus Bloodstream Infection with or without Endocarditis: A Systematic Review and Meta-Analysis. Antibiotics (Basel) 2021, 10, 1014. [Google Scholar] [CrossRef]

	



Le Bot, A.; Lecomte, R.; Gazeau, P.; Benezit, F.; Arvieux, C.; Ansart, S.; Boutoille, D.; le Berre, R.; Chabanne, C.; Lesouhaitier, M.; et al. Is Rifampin Use Associated With Better Outcome in Staphylococcal Prosthetic Valve Endocarditis? A Multicenter Retrospective Study. Clin. Infect. Dis. 2021, 72, e249–e255. [Google Scholar] [CrossRef] [PubMed]

	



Thwaites, G.E.; Scarborough, M.; Szubert, A.; Nsutebu, E.; Tilley, R.; Greig, J.; Wyllie, S.A.; Wilson, P.; Auckland, C.; Cairns, J.; et al. Adjunctive Rifampicin for Staphylococcus Aureus Bacteraemia (ARREST): A Multicentre, Randomised, Double-Blind, Placebo-Controlled Trial. Lancet 2018, 391, 668–678. [Google Scholar] [CrossRef]

	



Niemi, M.; Backman, J.T.; Fromm, M.F.; Neuvonen, P.J.; Kivistö, K.T. Pharmacokinetic Interactions with Rifampicin: Clinical Relevance. Clin. Pharm. 2003, 42, 819–850. [Google Scholar] [CrossRef] [PubMed]

	



Tuloup, V.; France, M.; Garreau, R.; Bleyzac, N.; Bourguignon, L.; Tod, M.; Goutelle, S. Model-Based Comparative Analysis of Rifampicin and Rifabutin Drug-Drug Interaction Profile. Antimicrob. Agents Chemother. 2021, 65, e0104321. [Google Scholar] [CrossRef]

	



Dijon, J.; Sarazin, M.; Augusto, V.; Franck, T.; Gonthier, R.; CÉlarier, T. Comparison of Two Hospitalization Modes in Geriatrics Either Directly via a Hotline or after an Emergency Unit Admission. Geriatr. et Psychol. Neuropsychiatr. du Vieil. 2018, 16, 255–262. [Google Scholar] [CrossRef]

	



Fox, M.T.; Persaud, M.; Maimets, I.; O’Brien, K.; Brooks, D.; Tregunno, D.; Schraa, E. Effectiveness of Acute Geriatric Unit Care Using Acute Care for Elders Components: A Systematic Review and Meta-Analysis. J. Am. Geriatr. Soc. 2012, 60, 2237–2245. [Google Scholar] [CrossRef]

	



Shen, Y.; Hao, Q.; Liu, S.; Su, L.; Sun, X.; Flaherty, J.H.; Dong, B.; Cao, L. The Impact of Functional Status on LOS and Readmission in Older Patients in Geriatrics Department: A Cohort Study. Aging Clin. Exp. Res. 2020, 32, 1977–1983. [Google Scholar] [CrossRef]

	



Pericà S, J.M.; Llopis, J.; González-Ramallo, V.; Goenaga, M.A.; Muñoz, P.; García-Leoni, M.E.; Fariñas, M.C.; Pajarón, M.; Ambrosioni, J.; Luque, R.; et al. Outpatient Parenteral Antibiotic Treatment for Infective Endocarditis: A Prospective Cohort Study From the GAMES Cohort. Clin. Infect. Dis. 2019, 69, 1690–1700. [Google Scholar] [CrossRef] [PubMed]

	



Singh, S.; Gray, A.; Shepperd, S.; Stott, D.J.; Ellis, G.; Hemsley, A.; Khanna, P.; Ramsay, S.; Schiff, R.; Tsiachristas, A.; et al. Is Comprehensive Geriatric Assessment Hospital at Home a Cost-Effective Alternative to Hospital Admission for Older People? Age Ageing 2022, 51, 1–11. [Google Scholar] [CrossRef] [PubMed]

	



Iversen, K.; Ihlemann, N.; Gill, S.U.; Madsen, T.; Elming, H.; Jensen, K.T.; Bruun, N.E.; Høfsten, D.E.; Fursted, K.; Christensen, J.J.; et al. Partial Oral versus Intravenous Antibiotic Treatment of Endocarditis. N. Engl. J. Med. 2018, 380, 415–424. [Google Scholar] [CrossRef] [PubMed]

	



Spellberg, B.; Chambers, H.F.; Musher, D.M.; Walsh, T.L.; Bayer, A.S. Evaluation of a Paradigm Shift From Intravenous Antibiotics to Oral Step-Down Therapy for the Treatment of Infective Endocarditis: A Narrative Review. JAMA Intern. Med. 2020, 180, 769–777. [Google Scholar] [CrossRef]

	



Pries-Heje, M.M.; Wiingaard, C.; Ihlemann, N.; Gill, S.U.; Bruun, N.E.; Elming, H.; Povlsen, J.A.; Madsen, T.; Jensen, K.T.; Fursted, K.; et al. Five-Year Outcomes of the Partial Oral Treatment of Endocarditis (POET) Trial. N. Engl. J. Med. 2022, 386, 601–602. [Google Scholar] [CrossRef]

	



Lampejo, T. Dalbavancin and Telavancin in the Treatment of Infective Endocarditis: A Literature Review. Int. J. Antimicrob. Agents 2020, 56, 106072. [Google Scholar] [CrossRef]

	



Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, J.G.F.; Coats, A.J.S.; Falk, V.; González-Juanatey, J.R.; Harjola, V.P.; Jankowska, E.A.; et al. 2016 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic Heart Failure. Eur. Heart J. 2016, 37, 2129–2200. [Google Scholar] [CrossRef]

	



Vahanian, A.; Beyersdorf, F.; Praz, F.; Milojevic, M.; Baldus, S.; Bauersachs, J.; Capodanno, D.; Conradi, L.; de Bonis, M.; de Paulis, R.; et al. 2021 ESC/EACTS Guidelines for the Management of Valvular Heart DiseaseDeveloped by the Task Force for the Management of Valvular Heart Disease of the European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS). Eur. Heart J. 2022, 43, 561–632. [Google Scholar] [CrossRef]

	



Castillo Domínguez, J.C.; Anguita Sánchez, M.P.; Ramírez Moreno, A.; Siles Rubio, J.R.; Mesa Rubio, D.; Muñoz Carvajal, I.; Concha Ruiz, M.; Vallés Belsué, F. Características Clínicas y Pronósticas de La Endocarditis Infecciosa En El Anciano. Rev. Española de Cardiol. 2000, 53, 1437–1442. [Google Scholar] [CrossRef]

	



Wiedemann, D.; Bernhard, D.; Laufer, G.; Kocher, A. The Elderly Patient and Cardiac Surgery—A Mini-Review. Gerontology 2010, 56, 241–249. [Google Scholar] [CrossRef]

	



Lin, C.Y.; Lu, C.H.; Lee, H.A.; See, L.C.; Wu, M.Y.; Han, Y.; Tseng, C.N.; Su, I.L.; Li, H.Y.; Tsai, F.C. Elderly versus Non-Elderly Patients Undergoing Surgery for Left-Sided Native Valve Infective Endocarditis: A 10-Year Institutional Experience. Sci. Rep. 2020, 10, 2690. [Google Scholar] [CrossRef]

	



Narayanan, M.A.; Haddad, T.M.; Kalil, A.C.; Kanmanthareddy, A.; Suri, R.M.; Mansour, G.; Destache, C.J.; Baskaran, J.; Mooss, A.N.; Wichman, T.; et al. Early versus Late Surgical Intervention or Medical Management for Infective Endocarditis: A Systematic Review and Meta-Analysis. Heart 2016, 102, 950–957. [Google Scholar] [CrossRef] [PubMed]

	



Varela, L.; Vidal, L.; Fernández-Felix, B.M.; Ventosa, G.; Navas, E.; Hidalgo, I.; Rodríguez-Roda, J.; Sáez de Ibarra, J.I.; López-Menéndez, J. Estimación de La Mortalidad Quirúrgica de La Endocarditis Infecciosa: Comparación de Las Diferentes Escalas Específicas de Cálculo de Riesgo. Cirugía Cardiovasc. 2020, 27, 93–99. [Google Scholar] [CrossRef]

	



Arias, E.A.; Bhan, A.; Lim, Z.Y.; Mullen, M. TAVI for Pure Native Aortic Regurgitation: Are We There Yet? Interv. Cardiol. Rev. 2019, 14, 26. [Google Scholar] [CrossRef] [PubMed]

	



Burke, L.; Hassanin, M.; Ong, G.; Fam, N. A Practical Approach to Combined Transcatheter Mitral and Tricuspid Valve Intervention. Front. Cardiovasc. Med. 2021, 8, 706123. [Google Scholar] [CrossRef] [PubMed]

	



Regueiro, A.; Linke, A.; Latib, A.; Ihlemann, N.; Urena, M.; Walther, T.; Husser, O.; Herrmann, H.C.; Nombela-Franco, L.; Cheema, A.N.; et al. Association between Transcatheter Aortic Valve Replacement and Subsequent Infective Endocarditis and In-Hospital Death. JAMA—J. Am. Med. Assoc. 2016, 316, 1083–1092. [Google Scholar] [CrossRef]

	



Martínez-Sellés, M.; Bouza, E.; Díez-Villanueva, P.; Valerio, M.; Fariñas, M.C.; Muñoz-García, A.J.; Ruiz-Morales, J.; Gálvez-Acebal, J.; Antorrena, I.; de La Hera Galarza, J.M.; et al. Incidence and Clinical Impact of Infective Endocarditis after Transcatheter Aortic Valve Implantation. EuroIntervention 2016, 11, 1180–1187. [Google Scholar] [CrossRef]

	



Amat-Santos, I.J.; Messika-Zeitoun, D.; Eltchaninoff, H.; Kapadia, S.; Lerakis, S.; Cheema, A.N.; Gutiérrez-Ibanes, E.; Munoz-Garcia, A.J.; Pan, M.; Webb, J.G.; et al. Infective Endocarditis after Transcatheter Aortic Valve Implantation Results from a Large Multicenter Registry. Circulation 2015, 131, 1566–1574. [Google Scholar] [CrossRef]

	



Kolte, D.; Goldsweig, A.; Kennedy, K.F.; Abbott, J.D.; Gordon, P.C.; Sellke, F.W.; Ehsan, A.; Sodha, N.; Sharaf, B.L.; Aronow, H.D. Comparison of Incidence, Predictors, and Outcomes of Early Infective Endocarditis after Transcatheter Aortic Valve Implantation Versus Surgical Aortic Valve Replacement in the United States. Am. J. Cardiol. 2018, 122, 2112–2119. [Google Scholar] [CrossRef]

	



Pericas, J.M.; Llopis, J.; Cervera, C.; Sacanella, E.; Falces, C.; Andrea, R.; Garcia de la Maria, C.; Ninot, S.; Vidal, B.; Almela, M.; et al. Infective Endocarditis in Patients with an Implanted Transcatheter Aortic Valve: Clinical Characteristics and Outcome of a New Entity. J. Infect. 2015, 70, 565–576. [Google Scholar] [CrossRef]

	



Rodés-Cabau, J. Transcatheter Aortic Valve Implantation: Current and Future Approaches. Nat. Rev. Cardiol. 2011, 9, 15–29. [Google Scholar] [CrossRef] [PubMed]








[image: Jcdd 09 00192 g001 550] 





Figure 1. Changes in the clinical presentation of infective endocarditis with age. 
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Table 1. Special characteristics of the epidemiology of EI in the elderly in age-focused studies.
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	Most Frequent Comorbidities (%)
	Nosocomial Rate (%)
	Valvular Prosthesis (%)
	Endovascular Device (%)
	Mortality In-Hospital (%)
	Mortality at 1 Year (%)





	Durante-Magoni et al. (2008) [32]

n = 2759

(>70 y, n = 773;

<70 y, n = 1985)
	Chronic illness (54.1) *

Diabetes mellitus (22.4) *

Cancer (14.9) *
	20.3 *
	26.5 *
	ND
	25.8 *
	ND



	López-Wolf et al. (2011) [31]

n = 618

(>79 y, n = 34;

<79 y, n = 584)
	Chronic anemia (30.3) *

Diabetes mellitus (24.2) *

Immunodepression (12.1) *
	ND
	23.5 *
	11.3*
	20.6 *
	ND



	Bassetti et al. (2014) [16]

n = 436

(>75 y, n = 137;

<75 y, n = 299)
	Chronic heart failure (47.7) *

Chronic renal failure (29.2) *

Cancer (25) *
	27.7 *
	40.2 *
	ND
	22.6
	ND



	Oliver et al. (2017) [30]

n = 454

(>80 y, n = 51;

<80 y, n = 403)
	High blood pressure (58.8) *

History of cancer (29.4) *

CKD (27.5) *
	23.5 *
	41.2 *
	4
	15.7
	37.3 *



	Armiñanzas et al. (2019) [12]

n = 3120

(>80 y, n = 502;

<80 y, n = 2618)
	Congestive heart failure (40.5) *

Diabetes mellitus (30.7) *

Coronary arterial disease (25.7) *
	30.7
	26.3 *
	16.3 *
	34.7 *
	20.4 *



	Menchi-Elanzi et al. (2020) [17]

n = 72

(>80 y, n = 18; <80 y, n = 54)
	Heart disease (72.2) *

Diabetes mellitus (27.8)

History of cancer (5.6)
	ND
	38.9 *
	16.7
	5.6
	ND



	Kiriyama et al. (2021) [33]

n = 20,667

(>80 y, n = 4990;

<80 y, n = 15,677)
	High blood pressure (31.8) *

Diabetes mellitus (15.9) *

Atrial Fibrillation (14) *
	ND
	0.7 *
	ND
	22.8 *
	ND







* This data showed a statistically significant difference compared with other age groups. ND: no data.
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Table 2. Most frequent clinical manifestations in IE in the general population [29,30,50].
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Clinical Presentation of IE




	
Signs

	
Symptoms






	
New-onset heart murmur (50–85%)

	
Fever (90%)




	
Congestive heart failure (30%)

	
Chills




	
New conduction disturbances (2%)

	
Malaise




	
Disturbances in CNS (stroke, meningitis…) (14%)

	
Dyspnea




	
Peripheral septic abscesses or emboli

	
Anorexia




	
(renal, splenic, vertebral…) (5%)

	
Weight loss




	
Septic pulmonary emboli (6%)

	
Generalized weakness




	
Fever or sepsis of unknown origin

	
Back pain




	
Splinter hemorrhages (8%)

	




	
Roth’s spots (8%)

	




	
Acute kidney failure (23%)

	




	
Anemia (Hb <10 g/dL) (20%)

	











[image: Table] 





Table 3. Tools for global assessment of the elderly patient.
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Domain

	
Measure

	
Range of Scores






	
Frailty

	
Clinical Frailty Scale (CFS) [82]

	
1–9




	
Fried frailty criteria [77]

	
0–5




	
Basic activities of daily living (ADL)

	
Barthel Index for Activities of Daily Living (ADL) [83]

	
0–100 *




	
Katz Index [84]

	
0–6 *




	
Instrumental ADL (IADL)

	
Lawton IADL [85]

	
0–7 *




	
Mobility

	
Timed Up and Go [86]

	
0–30 sec




	
Tinetti Assessment Tool [87]

	
0–28




	
Cognition

	
Mini-Mental State Examination (MMSE) [88]

	
0–30 *




	
Confusion Assessment Method [89]

	
0–4




	
Depression

	
Geriatric Depression Scale [90]

	
0–30




	
Co-morbidity

	
Age-adjusted Charlson Co-morbidity Index [91]

	
0–≥ 5




	
Nutrition

	
Mini Nutritional Assessment [92]

	
0–30 *








* Indicate higher score = better functional status. Unmarked ranges indicate higher score = worse functional status.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  jcdd-09-00192


  
    		
      jcdd-09-00192
    


  




  





media/file0.png





media/file2.png
Clinical
presentation

Fever

New onset murmur

Vascular

manifestations Immune-mediated

manifestations

Nonspecific constitutional signs and symptoms

Age

v





media/file1.jpg
Clinical
presentation

Fever

New onset murmur

Vascular

manifestations Immune-mediated

manifestations

Nonspecific constitutional signs and symptoms

Age






