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Impact of referral bias on prognostic studies outcomes: insights from a population-based cohort study on infective endocarditis
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Introduction

Referral bias is a concern in studies recruiting patients in tertiary hospitals only, particularly in cohort studies on rare diseases.

Infective endocarditis (IE) is an example of rare but serious disease with in-hospital mortality above 20% (1) and 1-year mortality reaching 30% [START_REF] Cahill | Challenges in Infective Endocarditis[END_REF]. Accordingly, acute description of survival and unbiased identification of prognostic factors are crucial to prognosis. Most observational studies aiming to describe prognosis in IE and to identify prognostic factors [START_REF] Fernandez-Hidalgo | Immediate and long-term outcome of left-sided infective endocarditis. A 12-year prospective study from a contemporary cohort in a referral hospital[END_REF][START_REF] Cabell | Changing Patient Characteristics and the Effect on Mortality in Endocarditis[END_REF][START_REF] Wallace | Mortality from infective endocarditis: clinical predictors of outcome[END_REF][START_REF] Murdoch | Clinical Presentation, Etiology and Outcome of Infective Endocarditis in the 21st Century: The International Collaboration on Endocarditis-Prospective Cohort Study[END_REF][START_REF] Vivian | Early Predictors of In-Hospital Death in Infective Endocarditis[END_REF][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][START_REF] Desch | Outcome in patients with leftsided native-valve infective endocarditis and isolated large vegetations[END_REF] are derived from samples of patients managed in tertiary hospitals, combining patients admitted directly and patients referred to tertiary hospitals. Tertiary hospitals offering exclusive services such as valve surgery, referred patients are more likely to present with indications for valve surgery than patients admitted directly to tertiary hospitals [START_REF] Fernández-Hidalgo | Prognosis of left-sided infective endocarditis in patients transferred to a tertiary-care hospitalprospective analysis of referral bias and influence of inadequate antimicrobial treatment[END_REF][START_REF] Kanafani | Revisiting the effect of referral bias on the clinical spectrum of infective endocarditis in adults[END_REF]. Such differences might extend to other baseline characteristics, resulting in a selection bias, namely a referral bias [START_REF] Steckelberg | Influence of referral bias on the apparent clinical spectrum of infective endocarditis[END_REF], which might affect both survival estimates and prognostic factors identification. In addition, patients who are referred to a tertiary hospital also survived until being referred, which might result in better survival estimates for them than for non-referred patients or for patients admitted directly to tertiary hospitals. Accordingly, prognostic studies based on recruitment of IE cases in tertiary hospitals only (mixing referred patients and patients admitted directly to tertiary hospitals) are prone to referral bias.

By allowing access to information on patients usually excluded from prognostic studies (patients admitted to a non-tertiary hospital and not referred to a tertiary hospital during their follow-up), the EI 2008 population-based cohort study [START_REF] Selton-Suty | Preeminence of Staphylococcus aureus in infective endocarditis: a 1-year population-based survey[END_REF] offers an unique opportunity to comprehensively assess internal validity threats related to referral bias in cohort studies. Using the example of IE, we aimed to assess the extent to which prognostic studies recruiting cases in tertiary hospitals only are prone to referral bias, with particular attention paid to its impact on characteristics estimates, survival estimates and prognostic factors identification.

Methods

Design and Setting

We used data from EI 2008, a one-year prospective, population based, cohort study of patients with IE [START_REF] Selton-Suty | Preeminence of Staphylococcus aureus in infective endocarditis: a 1-year population-based survey[END_REF]. All patients aged ≥18 years, living in one of the seven participating French administrative areas (greater Paris, Lorraine, Rhône-Alpes, Franche-Comté, Marne, Ille-et-Villaine and Languedoc-Roussillon) and admitted in hospital for IE between January1 st -December 31 st 2008 were included.

Diagnosis of 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] was adjudicated by an expert team, and definite cases of IE were included. Patients were followed during one year after inclusion.

All patients enrolled in the EI 2008 cohort (497 definite IE cases), were included in the present investigation.

Data collection

Baseline characteristics consisted of socio-demographic and medical history data. Inclusion was the starting point for follow-up, and was set at the date of first hospital admission. Follow-up data consisted of data collected during hospital stay. Occurrence and date of occurrence (if relevant) of referral to a tertiary hospital were recorded. To assess the impact of referral bias on both survival estimates and identification of prognostic factors, we mimicked a prognostic study recruiting in tertiary hospitals only by using an additional starting point, named referral time, set at the date of first admission to a tertiary hospital if any. Clinical features, microbiological and echocardiographic features, and IE complications were collected during follow-up.

Vital status was collected from medical records or civil registry office one year after inclusion.

Survival time was calculated from the starting point to the date of death. Surviving patients were censored at the date of last follow-up.

Ethics

This cohort study conforms to the principles outlined in the Declaration of Helsinki. Patients were informed of the study and individual consent was waived, in accordance with French legal standards. 

Statistical analyses

We considered three groups of patients: patients admitted directly to a tertiary hospital, further identified as "admitted to a tertiary hospital" (group T), patients admitted to a non-tertiary hospital and referred secondarily to a tertiary hospital, further identified as "later referred patients" (group NTT), and patients admitted to a non-tertiary hospital and not secondarily referred to a tertiary hospital, further identified as "non-referred patients" (group NT).

First, we described patients' characteristics overall and stratified on the three groups, using median and interquartile range for continuous variables, and percentage for categorical variables. We compared these characteristics overall and between groups using Chi-2 (or Fisher exact) tests for categorical variables, and Student (or Mann-Whitney) tests for continuous variables, according to condition of use: group T vs the (NTT+NT) group to assess whether patients admitted to a tertiary hospital differed from patients admitted to a non-tertiary hospital, group NTT vs group NT to assess whether later referred patients differed from non-referred patients, and group T vs group NTT to assess whether patients admitted to a tertiary hospital differed from those later referred.

We estimated 1-month, 3-month, and 1-year survival after inclusion and after referral time, overall and in the three groups (or in groups T and NTT when using referral time as the starting point), using Kaplan Meier estimate. Kaplan Meier estimates were compared using Log-rank tests.

Then, we identified prognostic factors for 3-month and 1-year mortality through Cox modelling in the whole sample (first batch of crude and adjusted models), i.e. a population-based sample, using inclusion as the starting point; and then in the (NTT+T) group (second batch of crude and adjusted models), i.e. mimicking prognostic cohort studies based on samples recruited in tertiary hospitals only, first using inclusion as the starting point and second using referral time as the starting point. For the first batch of models, a stepwise selection was applied to the variables with a significance level to enter set at 0.20 and significance level to stay set at 0.05. For the second batch of models, covariates resulting from the selection process of the first batch were forced into the models in order to reveal an eventual difference in the magnitude or in the significance of their effect; and then a stepwise selection was secondarily performed in order to naively identify prognostic factors. Log-linearity assumption was checked for continuous explanatory covariates. Proportional hazard assumption was assessed by plotting Schoenfeld residuals. Charlson comorbidity index, high blood pressure, heart failure, and vascular phenomena did not meet this assumption for 1-year Cox analyses, and were entered as timevarying covariates (covariate*time interaction) in the corresponding models. IE complications (septic shock, cardiac abscess, cerebral embolism, and cerebral haemorrhage) were considered as timedependent covariates. All statistical analyses were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC) software.

Results

Description of patients' characteristics

Among the 497 patients, 291 patients were admitted to a tertiary hospital (group T), and 206 patients were admitted to a non-tertiary hospital ((NTT+NT) group), of whom 144 were later referred to a tertiary hospital (group NTT) and 62 were not (group NT) (Figure 1).

Patients' characteristics and between-group comparisons are shown in table 1. We found no difference in sociodemographic, medical history, IE clinical, microbiological, and echocardiographic profile, and IE complications between patients admitted to a tertiary hospital (group T) and those who were admitted to a non-tertiary hospital ((NTT+NT) group).

Compared to non-referred patients (group NT), later referred patients (group NTT) were younger (median[IQR] age 64.5 [23.0] years in group NTT vs 72.5[21.0] years in group NT, p=0.001), more often males (81.3% vs 67.7%, p=0.034), and had less often a history of high blood pressure (44.4% vs 62.9%, p=0.015). They also had different IE profiles: IE locations (p=0.003) and causative microorganisms (p=0.035). They presented more often with indications for valve surgery (78.5% vs 19.4%, p<0.001), such as valve perforation (20.8% vs 8.1%, p=0.025), severe regurgitation (48.3% vs 19.7%, p<0.001), and cardiac abscess (27.8% vs 6.5%, p<0.001). They less frequently presented with contraindications for valve surgery (18.6% vs 100.0%, p<0.001, among patients with indication for valve surgery).

Compared to patients who were admitted to a tertiary hospital (group T), later referred patients (group NTT) were more often males (81.3% in group NTT vs 72.5% in group T, p=0.046), injection drug users (9.7% vs 4.5%, p=0.033), had more often echocardiographic abnormalities (97.2% vs 91.1%, p=0.017) or cerebral haemorrhages (11.8% vs 5.8%, p=0.029). They also presented more often with indications for valve surgery (78.5% vs 64.3%, p=0.003).

Survival estimates

A total of 142 deaths occurred in one year (76 in group T, 39 in group NTT, and 27 in group NT), and 25 patients (5.0%) were lost to follow-up (9 patients in group T, 5 in group NTT, and 1 in group NT).

One-month overall survival estimates were similar whatever the starting point (85.8% using inclusion as the starting point, 85.1% using referral time as the starting point). Three-month (78.0% using inclusion as the starting point vs. 79.3% using referral time), and even more 1-year (70.8% using inclusion as the starting point vs. 75.4% using referral) overall survival were overestimated when using referral time as the starting point instead of inclusion (Table 2).

One-year survival in patients managed in a tertiary hospital at some point ((NTT+T) group) was better (p=0.01) than survival in non-referred patients (group NT) (Table 2, Figure 2). One-month, 3-month, and 1-year survival in patients admitted to a tertiary hospital (group T) did not differ from survival in later referred patients (group NTT) whatever the starting point.

Identification of prognostic factors

Considering inclusion as the starting point, we identified nine prognostic factors of 1-year mortality in the whole sample ( -3.977], p<0.001). These nine covariates were still associated with survival in the sample of patients managed in a tertiary hospital at some point (NTT+T) group) when considering inclusion as the starting point, but with lower HRs as compared to HRs derived from the whole sample for age ≥70 and septic shock; and higher HRs for serum creatinine level ≥180µmol/L.

No additional prognostic factor was identified when secondarily performing Cox model using a stepwise selection.

When considering referral time as the starting point and forcing the nine previous covariates into the model, heart failure was no longer associated with survival. The eight other covariates were still associated with survival but with higher HRs as compared to HRs derived from the whole sample for cerebral embolism and serum creatinine ≥180µmol/L; and lower HR for age ≥70 and septic shock.

When performing a stepwise selection, valve perforation and heart failure were no longer identified as prognostic factors of 1-year mortality.

Prognostic factors of 3-months mortality did not differ across groups whatever the starting point considered, but their magnitude of effect varied (e-component 1).

Discussion

Main findings

Using a cohort of IE patients, we conducted the first comprehensive characterization of referral bias that could threaten the validity of estimates derived from cohort studies recruiting patients in tertiary hospitals only. The sample mixing patients admitted directly to tertiary hospitals and those later referred led to referral bias affecting patients' characteristics estimates, survival and Hazards Ratios for prognostic factors, jeopardizing any attempt of predictive score development.

Impact of referral bias on patients' characteristic estimates

Some studies on IE have described the impact of referral bias on patients' characteristics estimates [START_REF] Fernández-Hidalgo | Prognosis of left-sided infective endocarditis in patients transferred to a tertiary-care hospitalprospective analysis of referral bias and influence of inadequate antimicrobial treatment[END_REF][START_REF] Kanafani | Revisiting the effect of referral bias on the clinical spectrum of infective endocarditis in adults[END_REF][START_REF] Steckelberg | Influence of referral bias on the apparent clinical spectrum of infective endocarditis[END_REF][START_REF] Sy | Health care exposure and age in infective endocarditis: results of a contemporary population-based profile of 1536 patients in Australia[END_REF][START_REF] Tleyjeh | A Systematic Review of Population-Based Studies of Infective Endocarditis[END_REF][START_REF] Desimone | Temporal Trends in Infective Endocarditis Epidemiology from 2007-2013 in Olmsted County, Minnesota[END_REF][START_REF] Poesen | Epidemiology of infective endocarditis in a large Belgian non-referral hospital[END_REF], finding out similar between group differences for valve surgery [START_REF] Fernández-Hidalgo | Prognosis of left-sided infective endocarditis in patients transferred to a tertiary-care hospitalprospective analysis of referral bias and influence of inadequate antimicrobial treatment[END_REF][START_REF] Kanafani | Revisiting the effect of referral bias on the clinical spectrum of infective endocarditis in adults[END_REF][START_REF] Desimone | Temporal Trends in Infective Endocarditis Epidemiology from 2007-2013 in Olmsted County, Minnesota[END_REF], echocardiographic abnormalities [START_REF] Kanafani | Revisiting the effect of referral bias on the clinical spectrum of infective endocarditis in adults[END_REF], and IE complications [START_REF] Fernández-Hidalgo | Prognosis of left-sided infective endocarditis in patients transferred to a tertiary-care hospitalprospective analysis of referral bias and influence of inadequate antimicrobial treatment[END_REF]. However, these studies restricted their comparisons to IE patients admitted to tertiary hospitals vs those who were later referred (group T vs group NTT in our study). None of these studies have included patients who were admitted to a non-tertiary hospital and not referred to a tertiary hospital (group NT in our study), probably due to uncollected data for these patients. Yet, considering non-referred patients might be critical to comprehensively assess the impact of referral bias.

Compared to non-referred patients (group NT), later referred patients (group NTT) were younger, more often males, and presented more often indications for valve surgery. These differences might be explained by the ESC guidelines recommending referring IE cases with indications for valve surgery to tertiary centres [START_REF] Habib | Guidelines on the prevention, diagnosis, and treatment of infective endocarditis (new version 2009): the Task Force on the Prevention, Diagnosis, and Treatment of Infective Endocarditis of the European Society of Cardiology (ESC). Endorsed by the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and the International Society of Chemotherapy (ISC) for Infection and Cancer[END_REF]. In addition, tricuspid IE was more frequent in later referred patients, probably related to a more frequent injection drug use [START_REF] Ji | Acute endocarditis in intravenous drug users: a case report and literature review[END_REF]. Other locations of IE were also more frequently observed in later referred patients, suggesting that relatively rare locations of IE required more often the expertise offered exclusively in tertiary centres. Similarly, IE due to microorganisms other than Staphylococcus or Streptococcus, also requiring a higher level of expertise, were more frequently observed in later referred patients than in non-referred patients.

No differences were found in terms of socio-demographic characteristics, medical history, IE profile, and IE complications between patients admitted to tertiary hospitals (group T) and patients admitted to non-tertiary hospitals (pooled (NTT+NT) group). Patients admitted to tertiary hospitals (group T) presented similar characteristics as compared to patients admitted to non-tertiary hospitals ((NTT+NT) group), reflecting a community-based recruitment in both types of hospitals. These similarities might pertain to the French health system specifics: in France, patients can go to the hospital of their choice and usually choose the nearest one. Whether this hospital is a tertiary hospital or not might not be considered in the balance.

Accordingly, mixing referred IE cases (group NTT) and cases admitted to a tertiary hospital (group T), thus neglecting non-referred cases, might bias baseline characteristics estimates.

Impact of referral bias on survival estimates

Recruiting cases in tertiary hospitals usually leads to set the starting point of survival time at the time of tertiary hospital admission (referral time). In our study, setting the starting point at referral time led to overestimate overall survival from three months and further on as compared to using inclusion (first hospital admission) as the starting point. This might be explained by the exclusion of non-referred patients with poorer prognostic from these estimations. This might also be explained by greater chances to undergo interventions that have proven effective, such as valve surgery [START_REF] Vikram | Impact of Valve Surgery on 6-Month Mortality in Adults With Complicated, Left-Sided Native Valve Endocarditis: A Propensity Analysis[END_REF] or benefiting from the expertise offered in tertiary hospitals. To support this hypothesis, our results showed that 1year survival in patients managed in a tertiary hospital at some point ((NTT+T) group) was better than survival in non-referred patients (group NT). From a public health perspective, these differences in survival (NT<(NTT+T)) might raise concerns about eventual differences in patient management across the settings. However, a comparison of the time spans between the main milestones of patients' management (hospital admission, first blood culture, start of antibiotic therapy, first echocardiography) across groups did not highlight any difference that might explain the observed survival differences (data not shown). Accordingly, differences in patients' characteristics, especially age and contraindication to surgery, were more likely to explain the observed between groups survival differences.

One-month, 3-month, and 1-year survival estimates in patients admitted to a tertiary hospital (group T) did not differ from survival in later referred patients (group NTT) whatever the starting point. These results are consistent with the literature on referral bias in IE [START_REF] Kanafani | Revisiting the effect of referral bias on the clinical spectrum of infective endocarditis in adults[END_REF][START_REF] Steckelberg | Influence of referral bias on the apparent clinical spectrum of infective endocarditis[END_REF]. Several hypotheses can explain these results. First, referred patients need to survive until being referred, in other words patients with more serious IE might be dead before referral. Second, as described by Paltiel et al. [START_REF] Paltiel | Two-Way Referral Bias: Evidence from a Clinical Audit of Lymphoma in a Teaching Hospital[END_REF] about referral bias in lymphoma studies, there is a paradox concerning survival: On the one hand, later referred patients have better chances of survival than non-referred patients because they are younger and in better health than those who non-referred; on the other hand, later referred patients may be the most severe cases (requiring a specialised team); thus hiding survival differences.

Impact of referral bias on assessment of prognostic value of IE patients' characteristics

Prognostic outcomes identified in our study were consistent with those previously described in the literature. The effect of age [START_REF] Cabell | Changing Patient Characteristics and the Effect on Mortality in Endocarditis[END_REF][START_REF] Murdoch | Clinical Presentation, Etiology and Outcome of Infective Endocarditis in the 21st Century: The International Collaboration on Endocarditis-Prospective Cohort Study[END_REF][START_REF] Muñoz | Current Epidemiology and Outcome of Infective Endocarditis[END_REF], Charlson comorbidity index [START_REF] Fernandez-Hidalgo | Immediate and long-term outcome of left-sided infective endocarditis. A 12-year prospective study from a contemporary cohort in a referral hospital[END_REF][START_REF] Gálvez-Acebal | Prognostic factors in left-sided endocarditis: results from the Andalusian multicenter cohort[END_REF], heart failure [START_REF] Muñoz | Current Epidemiology and Outcome of Infective Endocarditis[END_REF], staphylococcal IE [START_REF] Cabell | Changing Patient Characteristics and the Effect on Mortality in Endocarditis[END_REF][START_REF] Murdoch | Clinical Presentation, Etiology and Outcome of Infective Endocarditis in the 21st Century: The International Collaboration on Endocarditis-Prospective Cohort Study[END_REF][START_REF] Vivian | Early Predictors of In-Hospital Death in Infective Endocarditis[END_REF][START_REF] Ragnarsson | Clinical Presentation of Native Mitral Valve Infective Endocarditis Determines Long-Term Outcome after Surgery[END_REF], septic shock [START_REF] Muñoz | Current Epidemiology and Outcome of Infective Endocarditis[END_REF][START_REF] Gálvez-Acebal | Prognostic factors in left-sided endocarditis: results from the Andalusian multicenter cohort[END_REF], cerebral embolism [START_REF] Ragnarsson | Clinical Presentation of Native Mitral Valve Infective Endocarditis Determines Long-Term Outcome after Surgery[END_REF][START_REF] Wang | Contemporary Clinical Profile and Outcome of Prosthetic Valve Endocarditis[END_REF], and high serum creatinine level [START_REF] Wallace | Mortality from infective endocarditis: clinical predictors of outcome[END_REF][START_REF] Ragnarsson | Clinical Presentation of Native Mitral Valve Infective Endocarditis Determines Long-Term Outcome after Surgery[END_REF] on survival in IE have already been described. The protective effect of valve perforation on 1-year survival from IE was unexpected. Patients suffering from a valve perforation had less often a medical history of underlying heart disease than those who did not have a valve perforation, potentially explaining their better survival. This result could also be explained by residual confounding from unmeasured covariates.

The impact of referral bias on identification of IE prognostic factors associated with 3-month mortality from IE was weak: No difference was found in the prognostic factors identified between the two samples ((NTT+T) group vs whole sample) in all Cox models. No difference was found in prognostic factors of 1-year mortality identified between the two samples when considering inclusion as the starting point for analyses. However, when using referral time as the starting point in the pooled (NTT+T) group, two of the previous prognostic factors were no longer associated with survival, meaning that studies based on tertiary hospital recruitment might miss identification of factors of actual prognostic value. An impact on HRs magnitude of effect should also be mentioned, mainly on 1-year survival when comparing HRs obtained in the whole sample and HRs obtained when using referral time as the starting point in the (NTT+T) group. Selection bias occurs in prognostic studies when the association between exposure and outcome differs between study participants and nonparticipants [START_REF] Rothman | Validity in epidemiologic studies[END_REF]. A different prevalence of exposure in study participants versus non-participants is not sufficient to cause selection bias with respect to effect measures; this exposure must also be associated with the outcome [START_REF] Greenland | Response and follow-up bias in cohort studies[END_REF]. In our study, non-referred patients (group NT) were older, presented more often with a history of high blood pressure, and had a higher Charlson comorbidity index (though this result failed to reach statistical significance) as compared to later referred patients (group NTT). As mentioned earlier, age, high blood pressure, and Charlson comorbidity index are also associated with survival. Consequently, referral bias can be considered a selection bias threatening the validity of prognostic value estimates in cohort studies of IE patients recruited in tertiary hospitals only.

Socio-economic status, health coverage and referral to tertiary hospitals

In France, tertiary hospitals are public hospitals located in major regional cities. Patients from group T were therefore more likely to be living in (or close to) these regional affluent areas [START_REF]Regions and Cities at a Glance 2018 -FRANCE[END_REF][START_REF] Chevreul | France: Health system review 2015[END_REF]. Patients from groups NT and NTT were first admitted to public or private hospitals. Those first admitted to public non-tertiary hospitals were more likely to live further from major cities. Patients from groups NT and NTT admitted to private hospitals (35 patients) could either be living in major cities or further away, but were likely to come from a higher socio-economic background. However, because data on individual socio-economic status level were not collected in EI 2008, we could not assess whether tertiary hospital recruited patients from higher socio-economic background than non-tertiary hospitals, which might have explained part of the better survival observed in patients from T group.

In addition, all French residents get access to a universal health coverage through the statutory health insurance (SHI) [START_REF] Barroy | Sustaining Universal Health Coverage in France : A Perpetual Challenge. Health, nutrition, and population[END_REF][START_REF] Steffen | Responsiveness, Sustainability--Regulating the French Health Care System[END_REF]. Public hospital fees are fixed by the State, and more than two-thirds of these fees are covered by the SHI. More than 95% of the population is covered by a non-for-profit private health insurance covering the remaining fees (32). The level of coverage for hospital care is approximately the same for everyone [START_REF] Steffen | Responsiveness, Sustainability--Regulating the French Health Care System[END_REF]. Referral to tertiary hospitals was therefore unlikely to be influenced by differences in health insurances plans, and by extension unlikely influenced by socioeconomic status.

Implications for future research

A population-based recruitment must be preferred to a recruitment in tertiary hospitals, especially when the main focus is patients' characteristics description or prognosis estimation; otherwise results might be biased.

Limitations

First, our data were quite old (2008), but as indications for valve surgery in IE remained similar since then, referral practices are not likely to have evolved either. Moreover, despite improvements in surgical procedures, survival rates in our study are consistent with those reported in recent studies on IE [START_REF] Cahill | Challenges in Infective Endocarditis[END_REF]. Accordingly, our conclusion on referral bias is unlikely affected by this time span since 2008.

Secondly, multiple comparisons made between groups might have resulted in first order risk inflation.

However, confronting the part of our results that could be confronted to the existing literature led to similar conclusions about referral bias.

Lastly, the date of hospital admission, used as the starting point in our analyses, is not a perfect indicator of the beginning of IE. Other starting points, such as first day of antibiotic therapy, might have been relevant but they would not have led to less biased estimations of length of IE.

Conclusion

Descriptive results from studies on patients recruited in tertiary hospitals only must be interpreted carefully as referral bias may jeopardize the findings, especially the description of patients' characteristics and survival estimates. The validity of HR values of prognostic factors might also be threatened by referral bias; though further studies are needed to strengthen this conclusion. 
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	): age ≥70 (HR 2.402[1.653-3.489], p<0.001), Charlson comorbidity
	index≥2*time (HR 1.008[1.003-1.013], p=0.001), high blood pressure*time (HR 1.006[1.002-1.010],
	p=0.006), heart failure*time (HR 1.004[1.000-1.007], p=0.027), Staphylococcal IE (HR 1.679[1.177-
	2.395], p=0.004), valve perforation (HR 0.545[0.327-0.909], p=0.020), septic shock (HR 3.360[2.211-
	5.104], p<0.001), cerebral embolism (HR 2.324[1.556-3.469, p<0.001), and serum creatinine level
	≥180µmol/L (HR 2.780[1.944

Table 1 :

 1 Characteristics of the 497 patients with Duke-Li definite Infective Endocarditis (IE) according to group 2

	Group T	Group NTT	Group NT	Overall	T vs	NTT vs NT	T vs NTT
	N=291 (58.6%)	N=144 (29.0%)	N=62 (12.5%)	p*	(NTT+NT) p*	p *	p *
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