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Infective endocarditis is an infection of the endocardium, associated with high morbidity and
mortality, particularly when the left heart chambers are involved. Timely diagnosis and appropriate
intervention can attenuate these outcomes. The objective of this study was to create and validate

the EndoPredict-Px score for early in-hospital mortality prediction in patients with left-sided infective
endocarditis. This analysis focused on patients admitted to the emergency department with left-sided
infective endocarditis defined by the Duke-ISCVID criteria, from January 2011 to January 2020. The
main outcome was in-hospital mortality. Among 530 patients with left-sided infective endocarditis,
160 (30.2%) died during hospitalization. The score included age =60 years, absence of fever, NYHA
functional class Ill or IV heart failure, suspected embolism, hemoglobin level <10 g/dL, leukocyte level
212 x10°/L, platelet level 2150 x 10°/L, and creatinine level 1.3 mg/dL. Patients were categorized
into three mortality risk groups. The model displayed an AUROC of 0.76 (95% Cl 0.71-0.80) and 0.74
in the bootstrap validation. Both the derivation and validation models showed accurate calibration. In
conclusion, the EndoPredict-Px score accurately and early predicted in-hospital mortality in patients
with left-sided infective endocarditis.
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Infective endocarditis is a severe infection of the endocardium that can affect native or prosthetic heart valves,
the endocardial surface, or implanted cardiac devices. It is associated with high morbidity and mortality,
particularly when the left heart chambers are involved!~>. The pivotal events that reduced its lethality occurred
in the 1940s with the introduction of penicillin, followed by the adoption of surgical valve interventions in the
1960s°. Other notable advancements included diagnostic methods, microbial sensitivity profiling, refined in-
hospital care practices, improvements in surgical techniques, expanded antimicrobial options, well-structured
guidelines, and the establishment of dedicated endocarditis teams*”5,

Despite this remarkable progress, in-hospital mortality rates for infective endocarditis still range from 13 to
26% in high-income countries*>*1* and up to 48% in low- and middle-income countries"!!. Beyond mortality,
approximately 40% of individuals with infective endocarditis experience significant complications, such as
systemic embolism, heart failure, atrioventricular block, the need for dialysis, and cardiogenic and/or septic
shock 1213,

Early clinical or surgical interventions can reduce the likelihood of adverse outcomes''3. Therefore,
identifying individuals who are at a higher risk of mortality can potentially minimize the harm caused by infective
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endocarditis. Several investigations have focused on identifying the factors that are associated with mortality in
patients with infective endocarditis and scoring systems have been created to measure this risk>!4-!8. However,
all current predictive models depend on blood culture results, cardiac imaging, or the occurrence of in-hospital
complications, which limits their immediate adoption. Thus, a simple score using variables easily available in
the first hours after admission could be helpful, even in resource-limited settings. The objective of this study was
to derive and validate the use of the EndoPredict-Px score for the early prediction of mortality in patients with
left-sided infective endocarditis in the emergency department.

Methods
Study design and population
The study was conducted in the emergency department of a tertiary teaching hospital specializing in cardiovascular
disease. Patients with left-sided infective endocarditis admitted between January 2011 and January 2020 were
selected from a prospectively maintained database. Physicians from the Hospital Infection Control Unit
identified and recorded these patients consecutively during weekday visits as part of their surveillance activities.

The inclusion criteria were patients aged 18 years or older classified as having possible or definite left-sided
infective endocarditis according to the Duke-International Society for Cardiovascular Infectious Diseases
(ISCVID) for Infective Endocarditis published in 2023'°. The inclusion of cases classified as “definite” and
“possible” was chosen to ensure a broad and representative sample, as both are treated equally in clinical practice.
This approach allows for score derivation that reflects the clinical reality, capturing different diagnostic stages of
infective endocarditis without compromising the applicability of the results. The study was originally designed
to use modified criteria based on the 2015 guidelines’, and it was subsequently adjusted to incorporate the 2023
ISCVID criteria update'’. Patients who received intravenous antibiotic therapy in the 72 h prior to inclusion in
the study were excluded, as prior antibiotic use could modify the clinical presentation and laboratory results.
Patients with right-sided infective endocarditis were purposefully not included in the study due to their different
prognosis, which includes a lower incidence of complications such as embolization, hemodynamic impairment,
and mortality?0-22,

The primary outcome was all-cause mortality during hospitalization. Participants were followed until
discharge or death.

The construction of the scoring system followed the “Guide for presenting clinical prediction models for use
in clinical settings”?*, and its reporting was based on the “Transparent Reporting of a multivariable prediction
model for Individual Prognosis Or Diagnosis” (TRIPOD) statement®*.

Data collection

The data were collected by cardiologists and infectious disease specialists through the evaluation of hospital
infection control units and medical records. Patients with uncertain data were discussed by a multidisciplinary
team. The included patients were input into the Research Electronic Data Capture (REDCap) electronic system?.
Details regarding the data collection are available in Supplementary Table S1 online.

Fever was documented based on the patient’s report or confirmed measurement at the time of suspected
infective endocarditis. Suspected embolism was determined by any new neurological deficit, including sudden
changes in motor function, sensation, cognition, speech, or vision, or signs of unilateral limb ischemia, such as
absence of pulse, pallor, cyanosis, pain, or decreased temperature.

Statistical analysis

In accordance with contemporary best practices, a sample size of 558 cases was required to achieve a margin
of error of at most 0.05 around the overall outcome estimate proportion. This ensured a small mean absolute
error of less than 10% in predicted probabilities when the model was applied to other individuals and effectively
addresses overfitting concerns, considering an outcome proportion of 0.3, 14 parameters, and a Cox-Snell R? of
0.20.

We stratified the descriptive statistics based on in-hospital mortality and presented them as the means and
standard deviations or medians and 25th/75th percentiles for continuous variables, as appropriate for their
distribution, and the statistics were presented as counts and percentages for categorical variables. The analysis
involved the use of t-tests or Wilcoxon rank-sum tests for continuous variables, as appropriate, and the chi-
square test for categorical variables.

To facilitate the creation of a clinically applicable score, continuous variables of interest were converted into
categorical variables. The cutoff values were based on their nonlinear distribution using restricted cubic splines
with 4 knots and established thresholds.

Predictor variables were selected after a thorough review of the literature on infective endocarditis
predictors”!®!5-17 and in consultation with a team comprising cardiologists, infectious disease specialists, and
an intensivist. For multivariable analysis, the selected variables included age > 60 years, hypertension, diabetes,
absence of fever, New York Heart Association (NYHA) class III or IV heart failure, suspected embolism
involving a central nervous system (CNS) deficit and/or limb ischemia, hemoglobin level <10 g/dL, leukocyte
level > 12 x 10°/L, creatinine level > 1.3 mg/dL, and C-reactive protein (CRP) level =100 mg/L. Both univariate
and multivariate logistic regression analyses were conducted.

These variables were integrated into an initial model, and a multivariable logistic regression was performed,
with a purposeful backward selection of variables to create the final model. Subsequently, we developed a scoring
system, assigning points based on the logistic regression beta coefficients for each variable. Finally, to assess the
prognostic utility of the model, patients were categorized into three distinct risk levels for developing infective
endocarditis by analyzing the numerical and graphical distributions of the risk of this outcome and testing the
optimal cutoff point for group differentiation. We present a Kaplan-Meier survival curve, censored at 30 days,
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illustrating the survival probabilities across the three risk groups (low, intermediate, and high risk) as defined by
the EndoPredict-Px score.

Apparent validation was conducted by analyzing the area under the Receiver Operating Characteristic curve
(AUROC). We additionally evaluated the impact of incorporating echocardiographic variables on the model’s
performance. Calibration was assessed using a calibration belt. Bootstrap internal validation was performed
with 500 bootstrap resamples for AUROC, calibration-in-the-large, and calibration slope.

We compared the prognostic performance of the EndoPredict-Px score with that of another model, the
ACEF score!®. We compared AUROCs using DeLong’s method.

Given the low proportion of missing data for the variables selected for model development, we performed
a complete case analysis. All tests were 2-sided, and a p value <0.05 was used to indicate statistical significance.
No adjustment for multiplicity was performed. The analysis was performed using StataSE® software (StataCorp,
College Station, Texas), version 16.0.

Ethical considerations

This study was conducted in accordance with the guidelines of the Declaration of Helsinki and was approved by
the Ethics and Research Committee of the Heart Institute of the University of Sao Paulo Medical School. Due
to the retrospective nature of the study, Ethics and Research Committee of the Heart Institute of the University
of Sao Paulo Medical School waived the need of obtaining informed consent. No funding was received for this
study.

Results

From January 2011 to January 2020, a total of 555 patients with left-sided infective endocarditis involving the
left heart chambers were identified. After excluding 25 patients who received intravenous antibiotic therapy for
72 h before inclusion, a total of 530 patients were included in the study. Of these, 436 (82.3%) were categorized
as definite infective endocarditis according to the Duke-ISCVID criteria, while 94 (17.7%) were classified as
possible cases.

Participant characteristics

The median age of the participants was 56 years (interquartile range 39-73), and 46.6% were 60 years or older.
There was a male predominance of 63.6%. Predisposing conditions for infective endocarditis were present
in 82.1% of the patients. The most prevalent heart valve disease etiology was rheumatic (35.1%), followed by
degenerative (20.6%) and mitral valve prolapse (10.4%). Common comorbidities included hypertension and
diabetes mellitus in 52.5% and 18.7%, respectively. Causative infective endocarditis microorganisms were
identified in 79.6% of the patients. Mixed infections involving multiple microorganisms were observed in
4.3% of the patients. The baseline clinical characteristics of the participants are described in Table 1, and the
admission laboratory test, microorganism, and echocardiographic characteristics are described in Table 2, which
also presents missing data.

Outcomes
By the end of hospitalization, 24.5% of participants presented embolic events. The sites of embolism were as
follows: central nervous system, 61.5%; spleen, 33.8%; limbs, 19.2%; kidney, 10%; liver, 6.2%; and spine, 2.3%.
Cardiac surgery was recommended for 65.3% of patients, for a total surgical rate of 55.7%. The reasons for
not undergoing surgery were poor clinical status (94.1%) and patient refusal (5.9%). Among the 90 patients
classified as high-risk who underwent surgery, early intervention (within the first 7 days) was not associated with
a significant reduction in mortality compared to later surgery (OR 1.2; 95% CI 0.45-3.21; p=0.72).

The overall in-hospital mortality rate was 30.2%. Mortality was attributed to septic shock in 67.5%, heart
failure in 48.7%, surgical complications in 13.1%, embolism-related complications in 8.7%, nosocomial infection
in 2.5%, or other causes in 9.4%.

Score derivation and apparent validity

The variables and their respective scores are detailed in Table 3. Logistic regression data for both univariate
and multivariate analyses can be found in Supplementary Table S2 online. The probability of all-cause in-
hospital death according to the EndoPredict-Px score is illustrated in Supplementary Figure S1 online, with a
corresponding histogram in Supplementary Figure S2 online.

Risk groups for in-hospital death were established as follows: low-risk (0-2 points), intermediate-risk (3-6
points), and high-risk (=7 points) based on the calculated EndoPredict-Px score, as shown in Table 4. The
observed incidences of in-hospital death were 9.4%, 20.6%, and 52.2% for the three risk groups, respectively.

The EndoPredict-Px score achieved an AUROC of 0.76 (95% CI 0.71-0.80). Adding echocardiographic
data indicative of poor prognosis—such as abscess, significant valvular dysfunction, perforation, vegetation
larger than 1 cm, fistula, or prosthetic valve dehiscence—did not enhance the model’s performance, as the
AUROC remained unchanged at 0.76 (95% CI 0.71-0.80). Model calibration, reflecting the alignment between
predicted probabilities and actual outcomes, was appropriate and is illustrated by the calibration belt (Fig. 1).
The relationships between the risk groups and survival are depicted in Fig. 2.

Internal validation

Internal validation of the samples was performed by bootstrap resampling with 500 replicates. Discriminative
power was assessed using receiver operating characteristic curve analysis, which revealed an AUROC of 0.74.
Calibration was assessed through a calibration increment of 0.017 and a slope of 0.916.
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Variables Total n=530 | Survivors n=370 | Nonsurvivors n=160 | p value
Demography

Median age—years (IQR*) 56 (39-73) 54 (37-71) 59 (44-76) <0.001
Age >60 years 247 (46.6) 155 (41.9) 92 (57.5) <0.001
Male sex—n. (%) 337 (63.6) 241(65.1) 96 (60) 0.26
Referred from another hospital—n. (%) 52 (9.8) 37 (10.0) 15 (9.4) 0.82
Comorbidities—n. (%)

Hypertension 278 (52.5) 179 (48.4) 99 (61.9) 0.004
Diabetes 99 (18.7) 54 (14.6) 45(28.1) <0.001
Nondialysis chronic kidney disease (CrCl" <60 mL/min) 54 (10.2) 32 (8.6) 22(13.8) 0.075
Dialysis 34 (6.4) 19 (5.1) 15(9.4) 0.067
Preexisting heart valve disease

Rheumatic 186 (35.1) 136 (36.8) 50 (31.2) 0.22
Degenerative 109 (20.6) 74 (20) 35(21.9) 0.62
Mitral prolapse 55(10.4) 37 (10) 18 (11.2) 0.66
Bicuspid aortic valve 29 (5.5) 19 (5.1) 10 (6.2) 0.60
Noncyanogenic congenital heart disease 11 (2.1) 11 (3) 0(0) 0.028
Cyanogenic congenital heart disease 11 (2.1) 7 (1.9) 4(2.5) 0.65
Biological prosthesis 242 (45.7) 171 (46.2) 71 (44.4) 0.70
Mechanical prosthesis 35(6.6) 24 (6.5) 11 (6.9) 0.87
Ascending aorta prosthetic graft or other nonvalvular intracardiac prosthesis | 9 (1.7) 7 (1.9) 2(1.2) 0.6
TAVI* 1(0.2) 1(0.3) 0(0) 0.51
Unknown cause 40 (7.5) 25 (6.8) 15(9.4) 0.29
Intravenous drug 3(0.6) 2(0.5) 1(0.6) 1.00
Previous endocarditis 97 (18.3) 74 (20) 23 (14.4) 0.12
Intracardiac devices 34 (6.4) 23(6.2) 11 (6.9) 0.78
Dialysis catheter 22(4.2) 11 (3) 11 (6.9) 0.039
Predisposing risk factor for endocarditis® 435 (82.1) 306 (82.7) 129 (80.6) 0.7
Signs and symptoms - n. (%)

Fever 378 (71.3) 285 (77) 93 (58.1) <0.001
NYHAI! class IIT or IV heart failure 217 (40.9) 133 (35.9) 84 (52.5) <0.001
Petechiae 49 (9.2) 35 (9.5) 14 (8.8) 0.80
Heart murmur 433 (81.7) 300 (81.1) 133 (83.1) 0.58
Suspected emboli (CNS** deficit or limb ischemia signs) 86 (16.2) 50 (13.5) 36 (22.5) 0.073
Symptoms > 14 days upon admission 278 (52.5) 196 (53) 82 (51.2) 0.72

Table 1. Clinical characteristics of the patients at baseline. *IQR, interquartile range;

TCrCl, creatinine

clearance; ¥TAVTI, Transcatheter Aortic Valve Implantation; §Predisposing risk factor for endocarditis:
preexisting left heart valve disease, previous endocarditis, intravenous drug use; IINYHA, New York Heart

Association; **CNS, central nervous system.

Comparison with the ACEF score

Applying the ACEF score in our database resulted in an AUROC of 0.64 (95% CI 0.58-0.69). The AUROC of
the EndoPredict-Px was more discriminative than ACEF (p <0.001)—Fig. 3. The calibration belt p value was
0.130, with a narrow range of prediction probabilities and large uncertainty in higher expected probabilities
(Supplementary Figure S3 online). Kaplan-Meier analysis revealed no differences between the low- and
intermediate-risk groups (Supplementary Figure S4 online).

Discussion

This study presents the EndoPredict-Px score, a newly developed tool for predicting in-hospital mortality
in patients with left-sided infective endocarditis, applicable to both surgical and non-surgical cases. While
numerous tools have been developed to assess mortality risk, many require blood culture and echocardiography
results, as well as time-dependent factors such as persistent bacteremia and nosocomial pneumonia, which are
impractical in emergency settings. The novelty of this scoring system lies in its immediate applicability and
its exclusive utilization of early clinical and laboratory parameters. Initially, echocardiographic variables were
not included to keep the model simple and accessible. When these variables—some requiring transesophageal
echocardiography—were later incorporated, they did not improve model performance. This highlights the
score’s effectiveness for early risk assessment, even in resource-limited emergency settings. Nonetheless, clinical
decisions—particularly regarding referral and treatment—must always consider patients’ comorbidities and
surgical eligibility. The potential application of the score is illustrated in Fig. 4.
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Variables Total n=530 Survivors n=370 | Nonsurvivors n=160 | p value
Laboratory tests—n. (%)

Hemoglobin<10 g/dL 183 (34.5) 105 (28.4) 78 (48.8) <0.001
Leukocyte>12x 10° /L 195 (36.8) 115 (31.1) 80 (50) <0.001
Platelets <150 x 10° /L 165 (31.1) 102 (27.6) 63 (39.4) 0.007
C-reactive protein > 100 mg/L* 245 (46.5) 158 (42.8) 87 (55.1) 0.01
Creatinine > 1.3 mg/dL" 206 (41.6) 117 (33.4) 89 (61.4) <0.001
Urine tests—n. (%)

Protein>0.05 g/L* 163 (37) 111 (35.2) 52 (41.6) 0.21
Red blood cells >20,000 cells/mL$ 128 (29) 90 (28.3) 38 (30.6) 0.63
Microorganism—n. (%)

Streptococcus viridans 138 (26) 114 (30.8) 24 (15) <0.001
Staphylococcus aureus 61 (11.5) 33(8.9) 28 (17.5) 0.004
Streptococcus gallolyticus 44 (8.3) 37 (10) 7 (4.4) 0.031
Enterococcus sp 41(7.7) 22 (5.9) 19 (11.9) 0.019
HACEKI 6(1.1) 6 (1.6) 0 0.11
Non-HACEK! gram-negative bacilli 13 (1.6) 2(0.8) 8(3.8) 0.003
Bartonella sp 9(1.7) 7 (1.9) 2(1.2) 0.60
Coxiella burnetti 1(0.2) 1(0.3) 0 0.51
Fungi 14 (2.6) 9(2.4) 5(3.1) 0.65
Others 118 (22.2%) 83 (22.4%) 35(21.8) 0.43
Admission echocardiogram—n. (%)

Vegetation—n. (%) 294 (55.4) 198 (53.5) 96 (60) 0.41
Vegetation size (mm)—(IQR**) 12 (8-17) (n=224) | 12 (8-17) (n=148) | 10,5 (8-17.5) (n=76) 0.98
Moderate to severe valvular regurgitation—n. (%) | 323 (60.9) 218 (58.9) 105 (65.6) 0.15
Abscess—n. (%) 67 (12.9) 43 (11.8) 24 (15.4) 0.27
Paravalvular regurgitation—n. (%) 49 (11.9) 32(11) 17 (14) 0.39
Valve perforation/rupture—n. (%) 40 (7.7) 28(7.7) 12(7.7) 0.99
Fistula—n. (%) 16 (3.1) 8(2.2) 8(5.2) 0.073
Aortic valve involvement—n. (%) 291 (54.9) 206 (55.7) 85(53.1) 0.59
Mitral valve involvement—n. (%) 275 (51.9) 180 (48.6) 95 (59.4) 0.023
Ejection fraction (IQR**) 61 (56-66) 62 (57-66) 60 (54-65) 0.043

Table 2. Admissional tests results of the patients. *n=527; n=529; ¥n=475; Sn = 474; IHACEK,
Haemophilus parainfluenzae; Aggregatibacter spp., Aggregatibacter actinomycetemcomitans ; A. aphrophilus;
A. paraphrophilus e A. segnis; Cardiobacterium hominis e valvarum; Eikenella corrodens; Kingella kingae e
denitrificans; **IQR, interquartile range.

Variable Scores
Age>60 years +1
Absence of fever +2
Acute NYHA* class IIT or IV heart failure +2

Suspected emboli (CNS deficit or limb ischemia signs) | +1

Hemoglobin <10 g/dL +2
Leukocyte>12x10°/L +2
Platelets <150 x 10°/L +1
Creatinine> 1.3 mg/dL +2

Table 3. EndoPredict-Px score for the prediction of left-sided infective endocarditis in-hospital mortality.
*NYHA, New York Heart Association; TCNS, central nervous system.

The EndoPredict-Px variables were selected with a focus on ensuring that the prognostic criteria could mirror
the emergency department reality and be universally applied. In this regard, we chose serum creatinine over
creatinine clearance for its straightforward application in swift clinical judgments and its ease of standardization.
In addressing potential embolisms, we acknowledged concerns about the standardization of this variable but
adhered to well-defined criteria (see Methods—Data Collection) that demonstrated a strong association with
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Observed

Risk group | Scores | Number of patients (%) | Number of deaths (%)
Low 0-2 128 (24.2) 12 (9.4)

Intermediate | 3-6 194 (36.7) 40 (20.6)

High >7 207 (39.1) 108 (52.2)

Total 13 530 (100) 160 (30.2)

Table 4. In-hospital mortality risk stratification for left-sided infective endocarditis using the EndoPredict-Px
score.

l =
Type of evaluation: internal
Polynomial degree: 2
0.8 | Test statistic: 0.62
p-value 0.432
n: 530
0.6 |
04 |
02 4 Confidence Under the Over the
level bisector bisector
80% NEVER NEVER
0.0 - [ 95% NEVER NEVER
0.0 0.2 0.4 0.6 0.8 |
Expected

Fig. 1. Calibration of the EndoPredict-Px score model for predicting in-hospital mortality in patients with
left-sided infective endocarditis.

mortality. We prioritized clinical indicators over imaging to maintain a scoring system that is rapidly deployable
and accessible.

In the same line, we also considered both patient reports and hospital measurements as indicators of fever.
The absence of fever was significantly correlated with an increased risk of in-hospital mortality (Odds Ratio 2.24,
p<0.001). Although the absence of fever has been described as a risk factor for death in other clinical contexts®,
to our knowledge, no other study has investigated this specific correlation. The inability to develop fever during
infection may indicate immunological frailty in patients with lower physiological reserves. Additionally, other
authors have observed that the quality of treatment offered to patients with fever is often superior to that offered
to those who do not present with this symptom?”-25.

Despite its simplicity, the EndoPredict-Px score has a similar performance compared to other existing
models>16182631 It achieved an AUROC of 0.76 (95% CI 0.71-0.80) in derivation and 0.74 in validation. For
instance, the ICE score was designed to predict the 6-month mortality risk. This score was derived from a
cohort of 4049 participants and validated with 1197 participants. Key variables included age, history of dialysis,
nosocomial endocarditis, prosthetic valve, symptom onset more than one month after admission (a protective
factor), Staphylococcus aureus, Streptococcus viridans (a protective factor), aortic and mitral vegetation, NYHA
class ITI or IV heart failure, stroke, paravalvular complications, persistent bacteremia, and surgical treatment (a
protective factor). The AUROC was 0.715 in the derivation cohort and 0.682 in the validation cohort®. Another
example is the SHARPEN score, which includes systolic blood pressure, heart failure, age, renal function,
pneumonia, elevated peak CRP, and non-intravenous drug abusers, aimed at estimating in-hospital mortality
risk!®. The SHARPEN score showed an AUROC of 0.86 (95% CI 0.80-0.91) in the derivation cohort and 0.76
(95% CI 0.67-0.85) in a Brazilian validation cohort!'®%*. Similarly, the ENDOVAL score®! incorporates variables
such as age, prosthetic valve endocarditis, comorbidities, heart failure, renal failure, septic shock, Staphylococcus
aureus or fungal infection, periannular complications, ventricular dysfunction, and vegetation. This score
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Fig. 2. 30-day Kaplan-Meier survival curve according to the mortality risk group. CI, confidence interval.
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Fig. 3. Receiver operating characteristic analysis for the prediction of left-sided infective endocarditis in-
hospital mortality applying EndoPredict-Px and ACEF scores. AUROC, area under the receiver operating
characteristic curve; CI, confidence interval.

demonstrated strong performance in both the derivation (AUROC of 0.823, 95% CI 0.774-0.873) and the
validation cohort (AUROC of 0.753, 95% CI 0.659-0.847).

A recently published model, the ASSESS-IE score®?, was also developed to predict in-hospital mortality in
patients with infective endocarditis and demonstrated good discrimination in both derivation and validation
cohorts (AUROC 0.781 and 0.779, respectively). It incorporates six early variables: NYHA functional class
III-IV, prosthetic valve, aortic valve involvement, hemoglobin <90 g/L, direct bilirubin >0.4 mg/dL, and
acute clinical course (<1 month). Although promising in its simplicity and performance, one limitation to its
immediate applicability lies in the identification of aortic valve involvement, which may require transesophageal
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EndoPredict-Px

Infective endocarditis mortality risk assessment

Age 260 years

Absence of fever

Acute NYHA class lll or |V heart failure

Suspected emboli (CNS deficit or limb ischemia signs)

Hemoglobin = 10 g/dL
' STEP 3 Leucocyte = 12,000 /mm3
. ; Platelets = 150,000 /mm3

Creatinine = 1.3 mg/dL

Fig. 4. Central illustration. The use of the EndoPredict-Px pathway for predicting in-hospital mortality in left-
sided infective endocarditis patients. NYHA, New York Heart Association; CNS, central nervous system.

echocardiography—a diagnostic modality not universally available in emergency settings. Even when performed,
the exam may fail to detect valve involvement despite confirmed endocarditis, as observed in our own series.

In response to the need for a mortality risk assessment, the ACEF (Age, Creatinine, Ejection Fraction)
score was developed!®. It is calculated using the following formula: age/left ventricular ejection fraction (%)
+1 point for creatinine >2 mg/dL. The ACEF score categorizes mortality risk as low for scores <0.6 (4.2%
mortality), intermediate for 0.6-0.8 (5% mortality), and high for >0.8 (14.4% mortality), with an AUROC of
0.706 (95% CI 0.651-0.763). In our cohort, the application of the ACEF score had an AUROC of 0.64 (95% CI
0.58-0.69). Although both scores are based on early admission variables, EndoPredict-Px demonstrated higher
discriminative ability in our population (p<0.001). The nomogram displayed a limited range of prediction
probabilities and failed to effectively discriminate between the low- and intermediate-risk groups, as evidenced
by Kaplan-Meier survival curves (Supplementary Figure S4 online). In an exploratory analysis, no significant
mortality benefit was observed with early surgery among high-risk patients, although this finding should be
interpreted with caution due to the unadjusted analysis and limited sample size.

We acknowledge the limitations of this study. First, its observational nature implies potential information
bias. Additionally, the single-center approach of the present study, which was conducted at a tertiary cardiac
hospital serving as a referral center for severe and complex cases, suggested a greater prevalence of heart failure
and death. Another possible limitation is the inclusion of 17.7% of possible cases, however, this reflects real-
world clinical practice. Therefore, our results should be interpreted with caution, and there is a need for external
validation in hospitals with different clinical and microbiological profiles to confirm its generalizability and
broader applicability. Future studies may also explore its role in long-term outcome prediction.

Conclusion

Clinical and laboratory findings at admission accurately predicted in-hospital mortality in patients with left-
sided infective endocarditis. The EndoPredict-Px score represents a significant advancement in the early
assessment of mortality risk in these patients. The system has the potential to simplify and make decision making
more accessible.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary
information files].
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