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Infective endocarditis (IE) is a rare but severe disease that increasingly involves elderly patients.

Indeed, more than one third of patients with IE are aged > 70 years in developed countries [START_REF] Selton-Suty | Preeminence of Staphylococcus aureus in infective endocarditis: a 1-year population-based survey[END_REF][START_REF] Slipczuk | Infective endocarditis epidemiology over five decades: a systematic review[END_REF]. IE has been associated with less pronounced clinical symptoms and delayed diagnosis in the elderly [START_REF] Bradley | Current features of infective endocarditis in elderly patients: results of the International Collaboration on Endocarditis Prospective Cohort Study[END_REF],

but more complications and higher mortality [START_REF] Bradley | Current features of infective endocarditis in elderly patients: results of the International Collaboration on Endocarditis Prospective Cohort Study[END_REF][START_REF] Terpenning | Infective endocarditis: clinical features in young and elderly patients[END_REF].

As with many other diseases, geriatric status may influence diagnostic management, therapeutic decision-making and prognosis of IE [START_REF] Forestier | Managing infective endocarditis in the elderly: new issues for an old disease[END_REF][START_REF] High | A new paradigm for clinical investigation of infectious syndromes in older adults: assessment of functional status as a risk factor and outcome measure[END_REF].

Transoesophageal echocardiography (TEE) improves the diagnosis of IE, particularly in patients with intracardiac devices [START_REF] Habib | ESC Guidelines for the management of infective endocarditis: The Task Force for the Management of Infective Endocarditis of the European Society of Cardiology (ESC). Endorsed by: European Association for Cardio-Thoracic Surgery (EACTS), the European Association of Nuclear Medicine (EANM)[END_REF]. However, TEE is not systematically performed in patients with suspected IE, as shown by the recent EURO-ENDO registry, where only 59% of patients underwent TEE.

Furthermore, older age may influence the performance of TEE, as it is an invasive procedure that is sometimes difficult to perform in patients with cognitive disorders or agitation [START_REF] Forestier | Managing infective endocarditis in the elderly: new issues for an old disease[END_REF].

The aim of this study was to describe the use of TEE in elderly patients treated for IE, and the differences in therapeutic management and mortality according to the performance or not of TEE.

Methods

A prospective multicentre study (ELDERL-IE) was conducted between March 2015 and April 2016 in 14 primary and tertiary care hospitals in France [START_REF] Forestier | Comprehensive geriatric assessment in older patients suffering from infective endocarditis. A prospective multicentric cohort study[END_REF]. The current study is a post hoc analysis from this initial cohort.

Eligible patients were those aged ≥ 75 years and being treated for possible or definite IE according to the Duke criteria modified by Li [START_REF] Li | Proposed modifications to the Duke criteria for the diagnosis of infective endocarditis[END_REF], who agreed to participate and underwent an initial comprehensive geriatric assessment performed by a geriatrician during the first week after admission.

In brief, the comprehensive geriatric assessment described the patient's status 2 months before hospital admission and at the beginning of hospitalization, and included the following data: functional status, assessed by the Activities of Daily Living score (range 0 to 6) [START_REF] Katz | Progress in development of the index of ADL[END_REF], the Instrumental Activities of Daily Living score (range 0 to 8) [START_REF] Lawton | Scales to measure competence in everyday activities[END_REF] and the ability to walk; nutritional status, assessed by body mass index and the Mini Nutritional Assessment score (range 0 to 30) [START_REF] Kaiser | Validation of the Mini Nutritional Assessment short-form (MNA-SF): a practical tool for identification of nutritional status[END_REF]; and cognitive status, assessed by the Mini Mental Status Examination score (range 0 to 30) [START_REF] Folstein | Mini-mental state". A practical method for grading the cognitive state of patients for the clinician[END_REF]. Co-morbidities were summarized using the Charlson Comorbidity Index [START_REF] Charlson | A new method of classifying prognostic comorbidity in longitudinal studies: development and validation[END_REF] and the Cumulative Illness Rating Scale-Geriatric (CIRS-G)
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J o u r n a l P r e -p r o o f 6 Information on IE was collected as described previously [START_REF] Nanna | Age, knowledge, preferences, and risk tolerance for invasive cardiac care[END_REF]. This information included demographic data, co-morbidities, IE characteristics, therapeutic management and follow-up. The definitions of these variables were the same as those used in previous French epidemiological studies on IE. Surgery was categorized as a three-component variable: surgery performed; surgery not performed despite a theoretical indication; and surgery not performed without a theoretical indication.

Once completed, case report forms were validated by an expert team in each region, including the diagnosis of possible or definite IE according to the Duke criteria modified by Li [START_REF] Li | Proposed modifications to the Duke criteria for the diagnosis of infective endocarditis[END_REF]. Follow-up was performed at 3 and 12 months during an on-site consultation. For patients who did not attend follow-up visits, vital status and date of death, if appropriate, were collected through civil registries; so, vital status at 3 months and 1 year was known for all patients.

This study was registered with ClinicalTrials.gov (Identifier: NCT02910856), and received ethics approval from the Comité Consultatif sur le Traitement de l'Information en Matière de Recherche dans le Domaine de la Santé (CCTIRS n°14.699). All patients gave their informed consent [START_REF] Forestier | Comprehensive geriatric assessment in older patients suffering from infective endocarditis. A prospective multicentric cohort study[END_REF].

Statistical analysis

Patients were divided into two groups according to the performance of TEE. Compared with patients who had TEE, patients without TEE were older (85.4 ± 6.0 vs 81.9 ± 3.9 years; P = 0.0011), were more likely to be aged > 85 years (55.8% vs 26.0%; P = 0.0011) and had more co-morbidities as assessed by the CIRS-G score (17.9 ± 7.8 vs 12.8 ± 6.7; P = 0.0005) (Table 1). Repartition of underlying heart disease was significantly different between the two groups, with a lower rate of valvular prosthesis (20.9% vs 41.6%) and a higher rate of no previously known underlying valvular disease (60.5% vs 37.7%) in patients without versus those with TEE (P = 0.0363).

However, there was a similarly high rate of cardiac implantable electronic devices in the two groups (20.9% vs 23.4%). 

Geriatric comprehensive assessment

IE characteristics

Table 2 displays the comparison of IE characteristics between patients with and without TEE.

Location of IE, clinical presentation and IE complications were similar in the two groups (Table 2).

Regarding microbiology, there was a non-significant trend towards a higher rate of Staphylococcus aureus IE (34.9% vs 22.1%; P = 0.13) and a lower rate of unusual pathogens (0% vs 10.4%; P = 0.0494) among patients without TEE.

Regarding imaging, patients without TEE also underwent cerebral imaging or positron emission tomography-computed tomography less frequently, although not significantly so. At echocardiography, there was a trend towards a lower frequency of criteria of IE in the group without TEE: any criteria (62.8% vs 75.3%; P = 0.15); vegetation (60.5% vs 71.4%; P = 0.22); and perforation (2.3% vs 13.0%; 8 P = 0.10). Furthermore, the presence of an abscess (4.7% vs 22.1%; P = 0.0122) and severe regurgitation (7.0% vs 23.4% P = 0.0234) were less often reported in patients without TEE.

Treatment and outcome

Table 3 displays the comparison of therapeutic management and follow-up between the groups with and without TEE. Surgery was performed in only 19 patients (15.8% of the total population), all from the TEE group. The repartition of the surgery variable according to its three components was significantly different between the two groups (P = 0.0006), with a higher prevalence of non-operated patients without indication in the group without TEE (86.0% vs 55.8%). The additive EuroScore was not significantly different between groups, but its component calculated on operation-related factors was higher in patients without TEE (3.7 ± 0.7 vs 3.3 ± 0.9; P = 0.0134). Mortality rates were significantly higher in the group without TEE at month 3 (51.1% vs 22.1%) and at year 1 (58.1% vs 33.8%; P = 0.0044) (Fig. 1).

Discussion

Compared with patients who underwent TEE during the hospitalization for an IE, patients aged > 75 years who did not undergo TEE: (1) were older, with more co-morbidities and poorer functional, nutritional and cognitive statuses; (2) more often had no history of valvular disease or valvular prosthesis, but had similar rates of cardiac implantable electronic devices (CIEDs); (3) less often had recognized features of IE on echocardiography; (4) less often had a recognized indication for surgery and surgery performed; and (5) had a poorer prognosis.

The impact of IE on functional and cognitive status in the elderly has been poorly studied. The ELDERL-IE study revealed that IE dramatically impaired the functional status of the oldest patients.

Together with nutritional status, functional status was the only variable associated with mortality, independent of the cardiac and infectious characteristics of IE [START_REF] Forestier | Comprehensive geriatric assessment in older patients suffering from infective endocarditis. A prospective multicentric cohort study[END_REF]. All variables measured by the comprehensive geriatric assessment were more severely impaired in patients without TEE than in those with TEE. Furthermore, co-morbidities as assessed by the CIRS-G were more frequent in patients without TEE than in those with TEE.

These findings illustrate the impact of functional status and autonomy on indications and performance of investigations. Doctors are probably less prone to perform semi-invasive imaging procedures, such as TEE, in old and frail patients [START_REF] Forestier | Managing infective endocarditis in the elderly: new issues for an old disease[END_REF]. However, the discussion about whether to perform a semi-invasive procedure, such as TEE, which has an impact on patient care, should be discussed with the patient or their family caregivers. Karlawish et al. insisted that advanced care planning is important before older patients are no longer able to make informed medical decisions [START_REF] Karlawish | The ability of persons with Alzheimer disease (AD) to make a decision about taking an AD treatment[END_REF]. Even for older patients who are cognitively impaired, obtaining their consent is essential. No cognitive assessment is available to determine whether a patient has the capacity or not to give consent, especially during a period of acute disease. In our study, however, there was a quite low rate of TEE refusal by the patients.

In most cases, cardiologists made the decision about whether or not to perform TEE themselves, considering that TTE was of sufficient quality or that TEE would not change their therapeutic decision.

This type of decision is probably multifactorial, taking into account age, underlying heart disease, functional status, co-morbidities and, of course, the results of TTE.

TEE is often not performed in patients for whom cardiac surgery will never be possible, whatever the reason. Non-performance of TEE could then be considered as a preference misdiagnosis, and not as a medical misdiagnosis, given that doctors do so because they believe in their expertise to make good decisions for the patients. In order to avoid such preference misdiagnoses, Mulley et al.

suggested following a three-step reasoning strategy: adopting a state of mind of scientific detachment;

formulating the clinical diagnostic issue; and engaging the patient in a conversation to clarify their choice [START_REF] Mulley | Stop the silent misdiagnosis: patients' preferences matter[END_REF]. However, this is not always possible with older patients.

It is well known that TEE has better sensitivity than TTE in the diagnosis of IE echocardiographic specific features. TEE allows better diagnosis of intracardiac abscesses [START_REF] Habib | Recommendations for the practice of echocardiography in infective endocarditis[END_REF] and more accurate quantification of regurgitation when TTE is of suboptimal quality [START_REF] Vahanian | ESC/EACTS Guidelines for the management of valvular heart disease: Developed 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)[END_REF]. This lower sensitivity of TTE alone explains, at least in part, the lower rates of IE-specific features identified in the patients who did not have TEE. The better performance of TEE over TTE has been particularly emphasized in case of IE on valvular prostheses or CIEDs. Although lower than in the TEE group, the proportion of intracardiac material was high among patients without TEE (20.9% of valvular prostheses and 20.9% of CIEDs). So, it may be hypothesized that some of those patients with material who did not undergo TEE had cardiac lesions that were not seen by TTE. Actually, patients without TEE had significantly fewer intracardiac abscesses and severe regurgitation than those who had TEE, and (nonsignificantly) fewer vegetations and perforations.
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J o u r n a l P r e -p r o o f 10 It is well known that the presence of abscesses and perforations has a poor prognosis, with a 2fold increase in 1-year mortality [START_REF] Lauridsen | Echocardiographic Findings Predict In-Hospital and 1-Year Mortality in Left-Sided Native Valve Staphylococcus aureus Endocarditis: Analysis From the International Collaboration on Endocarditis-Prospective Echo Cohort Study[END_REF]. Higher mortality would have been expected in the TEE group, but this was not the case, for several reasons. Cardiac lesions might have been underdiagnosed in the absence of TEE. All patients operated on had TEE, and mortality at 3 months and 1 year was lower in this group.

As underlined by the National Academies of Medicine, getting the right diagnosis is a key aspect of health careit provides an explanation of a patient's health problem, and informs subsequent health care decisions [22]. A proper and accurate diagnosis leads to better, more appropriate and less costly therapy [START_REF] Khullar | Reducing Diagnostic Errors--Why Now[END_REF]. This is particularly true in the field of surgical indication for IE, and the results of our study are in accordance with this dogma. All operated patients had TEE, with a proper and accurate diagnosis of cardiac lesions. The proportion of non-operated patients with theoretical indication was higher in patients who had TEE, where the decision of non-performance of surgery was taken after obtaining a complete echocardiographic diagnosis with TEE. Finally, the proportion of nonoperated patients without recognized theoretical indications was higher in the group without TEE, where fewer features of surgical indications were evidenced by TTE alone, and where indications for surgery might have been unrecognized in some cases.

The proper recognition of surgical indication is of utmost importance in terms of prognosis.

Surgery has long been shown to improve the prognosis of selected patients with IE. In our study, the prognosis of patients without TEE who were less often operated on was poorer at both the 3-month and 1-year follow-up compared with patients who had TEE. Some studies have observed that age is associated with higher mortality rates [START_REF] Terpenning | Infective endocarditis: clinical features in young and elderly patients[END_REF][START_REF] Selton-Suty | Clinical and bacteriological characteristics of infective endocarditis in the elderly[END_REF], whereas others have been unable to show that age, per se, is a prognostic factor [START_REF] Peled | Impact of age on clinical features and outcome of infective endocarditis[END_REF][START_REF] Werner | Infective endocarditis in the elderly in the era of transesophageal echocardiography: clinical features and prognosis compared with younger patients[END_REF]. These contradictory results might be explained by the small number of older patients included in those studies, and by the use of different definitions of older adults. The conclusion from these studies should be that it is all the co-morbidities associated with age that influence prognosis, rather than age itself. Patient age is only one among the many variables that should be analysed before taking the decision about whether or not to perform surgery in older patients with IE, and the decision-making process regarding surgery for IE in the elderly should involve two steps. The first step would be to establish the theoretical operative indication according to guidelines, and TEE is then of the utmost importance, by describing precisely the cardiac lesions that should or should not lead to surgery; the second step would then be to discuss the benefit-risk ratio within the Endocarditis Team. Usual surgery risk scores only take into account the crude age of the patient, and none of them investigates the level of frailty of the patient. So, the help of a geriatrician is of real added value, as some patients with a discouraging initial profile might nevertheless benefit from surgery if they are adequately managed, especially regarding nutrition, cognition and mobilization.

The underuse of surgery in elderly patients with IE was emphasized in a recent large nationwide retrospective study by Ragnarsson et al., who showed that the rate of surgery decreased with increasing age, from 46% in the group aged < 65 years to 6% in the group aged ≥ 80 years [START_REF] Ragnarsson | Surgery Is Underused in Elderly Patients With Left-Sided Infective Endocarditis: A Nationwide Registry Study[END_REF].

Interestingly, the authors used propensity score matching, and showed that when patients aged ≥ 75 years who underwent surgery were matched with same-age patients who did not undergo surgery, there was better survival associated with surgery. Similarly, another propensity analysis on data from the European Society of Cardiology EURObservational Research Programme's EURO-ENDO registry showed that mortality from surgery in patients aged > 80 years was similar to that of younger patients, after matching on most of the classical risk factors for poor prognosis of IE [START_REF] Pazdernik | Surgery and outcome of infective endocarditis in octogenarians: prospective data from the ESC EORP EURO-ENDO registry[END_REF].

Our study has some limitations. It was a prospective study on IE in older adults, with a specific focus on the impact of the involvement of geriatricians; this particularity may have changed patient management and outcome. Furthermore, patients who underwent urgent surgery or were admitted to an intensive care unit were excluded, so our results cannot be extrapolated to such subjects. Multiple comparisons might have led to alpha risk inflation. Further studies are needed to consolidate these results.

Conclusion

Although TEE has higher sensitivity for the diagnosis of IE, it was not always performed in older patients, even in the presence of intracardiac material. Cardiac lesions might have been underdiagnosed in the absence of TEE. These findings, together with the specific general and geriatric characteristics of this group, probably explain, in part, the fact that surgical indication was less frequently recognized, and that patients were less frequently operated on when they did not undergo TEE compared with those who had TEE. The poorer prognosis of these patients is then a complex and mixed result of poor general health and geriatric status, underdiagnosis of specific IE features and less invasive therapeutic management.

12 These results may suggest that performance of TEE should always be discussed in order to optimize the management of older patients, especially in those with intracardiac material. A meticulous multivariable evaluation, including the advice of geriatricians, taking into account patient status before the current hospitalization, should help cardiologists to refine and improve the selection of old patients who could benefit from TEE.
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	displays the results of the comprehensive geriatric assessment according to the
	performance of TEE. At admission, patients without TEE had poorer functional status (Activities of
	Daily Living score 2.2 ± 1.8 vs 3.6 ± 2.1; P = 0.0004), nutritional status (Mini Nutritional Assessment
	score 15.9 ± 6.2 vs 18.8 ± 5.9; P = 0.0222) and cognitive status (Mini Mental Status Examination

score 17.5 ± 7.5 vs 21.6 ± 6.5; P = 0.0063) compared with patients who had TEE. Functional status was already significantly altered 2 months before diagnosis.

Table 1

 1 Patient characteristics and comprehensive geriatric assessment according to the performance of transoesophageal echocardiography.

	Whole population	No TEE	TEE	P
	(n = 120)	(n = 43; 35.8%) (n = 77; 64.2%)	

Table 2

 2 Infective endocarditis characteristics according to the performance of transoesophageal echocardiography.

	Whole population No TEE	TEE	P
	(n = 120)	(n = 43; 35.8%) (n = 77; 64.2%)

Table 3

 3 Therapeutic management and follow-up according to the performance of transoesophageal echocardiography.

	Whole population No TEE	TEE	P
	(n = 120)	(n = 43; 35.8%)	(n = 77; 64.2%)
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