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Abstract: Background: As infective endocarditis has particular characteristics compared to other
infectious diseases, it is not clear if sepsis scores are reported with good accuracy in these patients.
The aim of this study is to evaluate the accuracy of the qSOFA and SOFA scores to predict mortality
in patients with infective endocarditis. Methods: Between January 2010 and June 2019, 867 patients
with suspected left-sided endocarditis were evaluated; 517 were included with left-sided infective
endocarditis defined as “possible” or “definite” endocarditis, according to the Modified Duke Criteria.
ROC curves were constructed to assess the accuracy of qSOFA and SOFA sepsis scores for the
prediction of in-hospital mortality. Results: The median age was 57 years, 65% were male, 435
(84%) had pre-existing heart valve disease, and the overall mortality was 28%. The most frequent
etiologies were Streptococcus spp. (36%), Enterococcus spp. (10%), and Staphylococcus aureus (9%). The
sepsis scores from the ROC curves used to predict in-hospital mortality were qSOFA 0.601 (CI95%
0.522–0.681) and SOFA score 0.679 (CI95% 0.602–0.756). A sub-group analysis in patients with and
without pre-existing valve disease for SOFA ≥ 2 showed ROC curves of 0.627 (CI95% 0.563–0.690)
and 0.775 (CI95% 0.594–0.956), respectively. Conclusions: qSOFA and SOFA scores were associated
with increased in-hospital mortality in patients with infective endocarditis. However, as accuracy
was relatively lower compared to other sites of bacterial infections, we believe that this score may
have lower accuracy when predicting the prognosis of patients with IE, because, in this disease, the
patient’s death may be more frequently linked to valvular and cardiac dysfunction, as well as embolic
events, and less frequently directly associated with sepsis.
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1. Introduction

The estimated incidence of infective endocarditis ranges from 2.4 to 11.6 per 100,000 per-
sons per year [1–3]. Despite improvements in therapy, the case fatality rate in endocarditis
patients is still high, ranging from 19 to 25% [4,5]. Cardiac complications and uncontrolled
infection are the main causes for mortality in endocarditis patients [6].

Left-sided endocarditis encompasses the entire or partial involvement of the mitral
and/or aortic valves, along with the adjacent anatomical structures [7]. This condition
accounts for substantial systemic implications. On the other hand, isolated right IE is
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rare, and causes different manifestations, complications, and prognostics than left-sided IE;
because of this, we decided to only study left-sided IE [4]. Therefore, patients with IE differ
from patients with general bacterial infections; as a result, prognostic criteria employed in
other infections may not be relevant to patients with endocarditis.

In 2016, the third sepsis consensus established new sepsis definitions, advocating for
Sequential Organ Failure Assessment (SOFA) as a new predictor of mortality in patients
with life-threatening infections (Sepsis-3) [8]. To improve the identification of potentially
serious patients, quick-SOFA (qSOFA) was proposed as a bedside criterion, avoiding delays
in sepsis diagnosis, starting early treatment, and aiming to reduce mortality caused by
bacterial infections [9–11]. However, these scores have not been tested in a large sample
of patients with infective endocarditis [12,13]. The aim of this study is to evaluate the
accuracy of sepsis scores (qSOFA and SOFA) to predict in-hospital mortality in patients
with left-sided endocarditis.

2. Materials and Methods

Patients with suspected left-sided infective endocarditis were admitted from January
2010 to June 2019 in the Instituto do Coracao (InCor) do Hospital das Clinicas HCFMUSP,
Faculdade de Medicina, Universidade de Sao Paulo, Sao Paulo, SP, BR. InCor is a special-
ized tertiary teaching hospital focused on cardiovascular disease. We actively searched for
suspected cases of left-sided infective endocarditis at wards and emergency units. This ret-
rospective study reviewed the data of patients admitted to the emergency department with
suspected left-sided infective endocarditis between January 2010 and Jane 2019. The cohort
was extracted from a database of consecutively and prospectively selected patients with
suspected infective endocarditis, as part of the Hospital Infection Control Unit surveillance
activities during weekdays. The inclusion criterion was patients with suspected left-sided
infective endocarditis who were over 18 years old. Suspected left-sided infective endocardi-
tis was defined as the presence of at least one of the following criteria: (1) The presence of
potential risk factors for infective endocarditis (mitral valve prolapse or degenerative valve
disease with reflux on an echocardiogram, chronic rheumatic valve disease, valve prosthe-
sis, congenital heart disease, a history of previous infective endocarditis, and intravenous
drug use) and fever (>37.8 ◦C) or a clinical suspicion of systemic emboli or acute heart
failure due to valve dysfunction; or (2) patients with fever (>37.8 ◦C) and a cardiac murmur
or a clinical suspicion of systemic emboli and no other infection foci. Exclusion criteria
were as follows: (i) patients who were classified as “rejected” for infective endocarditis,
according to the Modified Duke Criteria [14] until discharge or death; and (ii) the use of
intravenous antibiotics aimed at infective endocarditis etiology for more than 3 days before
enrollment. The main predisposing factors for the occurrence of endocarditis are contained
in the Modified Duke Criteria, published by Li et al. as “Proposed modifications to the
Duke criteria for the diagnosis of infective endocarditis” in 2000 [14].

2.1. Studied Variables

We evaluated clinical and laboratory variables included in SOFA and qSOFA scores.
To evaluate the SOFA score, we used clinical and laboratory data such as Glasgow Coma
Scale, creatinine or urine output, blood pressure, platelets, PaO2/FIO2, and bilirubin levels.
Septic shock (Sepsis-3) was defined as sepsis with persisting hypotension, requiring vaso-
pressors to maintain adequate blood pressure and having a serum lactate level > 2 mmol/L
(18 mg/dL), despite adequate volume resuscitation [8]. For the qSOFA, we collected the
following data: respiratory rate, systolic blood pressure, and measurements from the Glas-
gow Coma Scale [8]. (Supplementary Material Table S1). The data were collected up to
3 days after the start of antibiotic therapy.

2.2. Definitions

Information from the Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3) was used to evaluate qSOFA, SOFA, and septic shock [8] (Supplementary
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Material Table S1). According to this consensus, sepsis is defined as an acute change in
the SOFA score, increasing by 2 or more points. For the qSOFA, at least 2 of the following
clinical criteria together constitute a new bedside clinical score termed quick SOFA (qSOFA):
respiratory rate of 22/min or greater and altered mentation, or systolic blood pressure
of 100 mm Hg or less. Based on the sepsis-3 criteria, we considered the qSOFA ≥ 2 and
SOFA ≥ 2 as the cutoff points for the prediction of in-hospital mortality in endocarditis
patients [8].

Preexistent heart valve disease was defined in a patient if they had previously been
admitted for IE and diagnosed with degenerative valve disease, rheumatic heart disease,
mitral valve prolapse, bicuspid aortic valve, or congenital cyanotic heart disease.

All laboratory and clinical data, including the New York Heart Association classification
(NYHA), systemic septic embolism, echocardiographic abscess, as well as the construction of
sepsis scores/criteria were evaluated at the patient’s admission to the hospital.

The patients were systematically screened with blood cultures (Bactec®, Becton Dick-
son, Heidelberg, Germany) and an echocardiography. Indications for further diagnostic
procedures, antibiotic treatment, and cardiac surgery were at the discretion of the treating
physician, following the recommendations of the current IE guidelines [15].

For data collection and management, the Research Electronic Data Capture (RED-
Cap) electronic system (REDCap 9.1.0—© 2019 Vanderbilt University, Nashville TN, USA)
was used.

Lethality due to IE has been related to heart failure, systemic emboli, or septic shock.
To analyze variables other than those that were sepsis-related, we performed univariate
and multivariate analyses.

2.3. Clinical Endpoint

The primary endpoint was in-hospital death. All of the patients were followed until
hospital discharge or death.

2.4. Statistical Analysis

Categorical variables comprised frequency and percentage; to test the association
between categorical variables and hospital death outcome, we used the χ2 test or the
Student’s t-test or exact Fisher test when appropriate. Continuous variables were presented
as the median and were compared using the Mann–Whitney U test. Receiver operating
characteristic curves (ROC) were constructed to assess the accuracy of sepsis scores for
the prediction of in-hospital mortality. For multivariate analysis, variables with p < 0.1 in
the univariate analysis were selected. The sensitivity, specificity, positive predictive value,
and negative predictive values of the sepsis scores for the prediction of in-hospital death
were evaluated. We also performed the same analysis for sub-groups with and without any
known preexistent heart valve disease. Values of p < 0.05 indicate statistical significance.

Software STATA 14.0 (StataCorp. 2023. Stata Statistical Software: 14. College Station,
TX, USA: StataCorp LLC.) was used for statistical analysis.

The ethics committee of Hospital das Clinicas HCFMUSP, Faculdade de Medicina,
Universidade de Sao Paulo, Sao Paulo, SP, BR approved this study (with the approval
number 0817/11).

3. Results

In this study, 867 patients with suspected infective endocarditis were evaluated; of
these, 350 were excluded upon hospital admission (53 due to previous antibiotic use and
297 due to rejected IE), only 517 met the Duke Criteria for possible or confirmed IE, and the
remaining patients were excluded from the study. Therefore, 517 patients met the standards
of the Modified Duke Criteria for the diagnosis of infective endocarditis and were thus
included (401 patients were classified as “defined”, and 116 were classified with “possible”
infective endocarditis); therefore, we included as many patients with IE as was possible
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for this study and used the Duke Criteria to define them under the same analysis as the
defined IE group.

Sepsis-3 was only published in 2016; thus, patients treated prior to this date did not
always contain the clinical and laboratory parameters necessary to assess the SOFA and
qSOFA in their initial assessment. Of the 517 patients enrolled in this study, 465 contained
the necessary data needed to apply these scores at patient admission.

Both the baseline characteristics of patients with endocarditis and univariate analysis
related to the outcomes are shown in Table 1. The majority were male (65%), and the
median age was 57 years old (ranging from 18 to 87). Pre-existing heart valve disease was
present in 84% (435): valve prosthesis—58% (303), rheumatic heart disease—33% (173),
degenerative valve disease—17% (91), mitral valve prolapse—9% (49), bicuspid aortic
valve—4% (21), and congenital cyanotic heart disease—4% (22).

Table 1. Univariate analysis for in-hospital mortality in patients with infective endocarditis.

Baseline Characteristic/
Variables

All Patients
n = 517 (%)

Discharge
n = 372 (%)

In-Hospital
Death

n = 145 (%)
OR 95% CI p Value

Age (median; years) 57 (18–87) 56 (18–87) 58.7 (18–86) - - -
Male 334 (64.6) 243 (65.3) 91 (62.7) 0.894 0.600–1.332 0.584
Hypertension 270 (52.2) 181 (48.6) 89 (61.3) 1.677 1.134–2.480 0.009
Diabetes mellitus 97 (18.7) 57 (15.3) 40 (27.5) 2.105 1.328–3.337 0.001
Chronic kidney disease 59 (11.4) 36 (9.6) 23 (15.8) 1.759 1.002–3.088 0.049
Hemodialysis 34 (6.5) 21 (5.6) 13 (8.9) 1.646 0.868–1.453 0.109
Pre-existing valve disease 1 435 (84.1) 315 (84.6) 120 (82.7) 0.868 0.801–3.382 0.536
Staphylococcus aureus 49 (9.4) 28 (7.5) 21 (14.4) 2.080 1.139–3.798 0.015
Streptococcus group 186 (35.9) 150 (40.3) 36 (24.8) 0.488 0.318–0.751 0.001
Enterococcus species 50 (9.6) 26 (6.9) 24 (16.5) 2.639 1.460–4.772 0.001
Culture positive 409 (79.1) 298 (80.1) 111 (76.5) 0.8107 0.511–1.285 0.372
NYHA III/IV 206 (39.8) 128 (34.4) 78 (53.7) 2.219 1.502–3.798 <0.001
Embolism (n = 514) 96 (18.6) 60 (16.2) 36 (24.8) 1.700 1.065–2.714 0.025
Valve abscesses (n = 505) 62 (12.2) 40 (10.9) 22 (15.6) 1.497 0.854–2.624 0.158
Hemoglobin (g/dL) (n = 500) 10.8 (4.5–23.8) 11 (5.3–23.8) 10.1 (4.5–16) - - <0.001
Platelets (mg/L) (n = 498) 193.000

(2.000–557.000)
199.000

(2.000–550.000)
173.000

(12.330–557.000) - - 0.010

Leukocyte (mg/L) (n = 500) 10.360
(550–42.000)

9.960
(1.1000–35.000)

12.040
(550–42.000) - - <0.001

C-reactive protein (mg/L) (n = 495) 89 (1.6–402) 86.6 (1.96–389.2) 141.5 (68.5–197) - - 0.012
Creatinine (mg/dL) (n = 499) 1.2 (0.45–15.4) 1.1 (0.45–15.5) 1.5 (0.53–12.34) - - <0.001
Time of symptoms (n = 509) 16 (0–370) 17 (0–370) 14 (0–366) 0.264

CI = confidence interval; OR = Odds ratio; NYHA = New York Heart Association classification; 1 Pre-existing
valve disease in patients at admission.

As endocarditis complications, heart failure NYHA III/IV was present in 40%, valve
abscesses were present in 12%, and systemic septic embolism was present in 19% (56%
central nervous system, 35% spleen, and 14% limbs). The most common comorbidities
were hypertension (52%) and diabetes mellitus (18.7%). It is important to note once more
that InCor is a specialized tertiary teaching hospital focused on cardiovascular disease.

Of the 517 patients enrolled, 494 underwent echocardiography on admission; of these,
85% underwent transoesophageal echocardiography, and 15% underwent transthoracic
echocardiography. We found that 57.6% of patients had vegetation, 12.5% had abscess, 7.2%
had valve perforation, 44.5% had mitral insufficiency (moderate/severe), and 29.5% had
aortic insufficiency (moderate/severe).

Pathogens were identified in 409 episodes (79.1%). The microorganisms most fre-
quently isolated were Streptococcus spp. (36%), Enterococcus spp. (10%), and Staphylococcus
aureus (9%). The other 124 microorganisms that were isolated were Gram-negative bacilli,
fungi, and other atypical pathogens, all without statistical significance. Around 65% of
Staphylococcus aureus were sensitive to methicillin; for the other microorganisms, we were
unable to obtain a sensitivity profile.

Overall mortality was 28% (145/517), and 57% (272/517) needed heart valve surgery
during hospitalization. qSOFA-stratified mortality and SOFA-stratified mortality are shown
in Figure 1.
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variable: 0 (72); 1 (33); 2 (24); and 3 (3). (b) In-hospital mortality stratified using SOFA. The number of
patients for each SOFA variable: 0 (29); 2 (21); 4 (8); 6 (8); and 8 (5).

The median time between the onset of symptoms, diagnosis, and antibiotic therapy
was 17 days—14 days for patients who died and 17 days for living patients, with no
statistical difference in both. All of the diagnosed patients received antibiotic therapy on
the same day; therefore, the median time between symptom onset, diagnosis, and symptom
onset during antibiotic therapy was the same.

3.1. Survival and Non-Survival Groups in Comparison

Using univariate analysis, episodes of endocarditis presented higher mortality in
patients with pre-existing hypertension, diabetes mellitus, and chronic kidney disease
(Table 1). Conditions related to endocarditis, such as heart failure NYHA III/IV, systemic
septic embolism, and enterococci e staphylococci etiologies, were associated with in-hospital
death. At admission, laboratory analysis showed that non-survivor patients showed higher
leucocytes, creatinine, and C-reactive protein, as well as lower hemoglobin and platelets
counts (Table 1).

qSOFA ≥ 2 and SOFA ≥ 2 were associated with in-hospital mortality (Table 2). As
SOFA ≥ 2 showed better performance among sepsis scores, it was chosen for multivariate
analysis. Other variables included in the multivariate analysis were hypertension, diabetes
mellitus, chronic kidney disease, embolism, NYHA III/IV, S. aureus infection, age, C-
reactive protein, hemoglobin, creatinine, and platelet count. In this analysis, the variables
that remained associated with in-hospital death were the presence of diabetes mellitus and
NYHA III/IV, SOFA ≥ 2, systemic septic embolism, and lower hemoglobin at admission
(Table 3). The ROC curves of qSOFA and SOFA for the prediction of in-hospital mortality
were 0.601 (CI95% 0.522–0.681) and 0.679 (CI95% 0.602–0.756), respectively. qSOFA ≥ 2
and SOFA ≥ 2 accuracy are presented at Table 4. Similar results were found when this
prognostic analysis was made according to the Modified Duke Criteria: qSOFA ≥ 2 (ROC
0.545, CI95% 0.412–0.678) and SOFA ≥ 2 (ROC 0.667, CI95% 0.541- 0.792) for “Possible”
endocarditis and qSOFA ≥ 2 (ROC 0.583, CI95% 0.515–0.651) and SOFA ≥ 2 (ROC 0.652,
CI95% 0.589–0.716) for 401 “Definite” endocarditis episodes.

Table 2. Univariate analysis of Sepsis criteria/scores in patients with endocarditis.

Variables
All Patients

n = 465
(%)

Discharge
n = 372

(%)

In-Hospital
Death n = 145

(%)
OR 95% CI p Value

qSOFA ≥ 2 45 (9.6) 18(5.4) 27(20.4) 4.5 2.382–8.500 <0.001
SOFA ≥ 2 164 (35.2) 88(26.4) 76(57.5) 3.778 2.476–5.764 <0.001

CI = confidence interval; OR = Odds ratio; SIRS = Systemic inflammatory response syndrome.
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Table 3. Multivariate analysis for predicting in-hospital mortality (n = 450).

Variable OR 95% CI p Value

NHYA III/IV 2.37 1.497–3.751 <0.001
Embolism at

admission 1.91 1.097–3.324 0.022

SOFA ≥ 2 3.26 2.076–5.137 <0.001
Diabetes mellitus 2.45 1.490–4.345 0.001

Hemoglobin 0.860 0.773–0.956 0.005
CI = confidence interval; OR = Odds ratio; NYHA = New York Heart Association classification.

Table 4. qSOFA≥ 2 and SOFA≥ 2 accuracy for in-hospital mortality in patients with infective endocarditis.

Score Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95%CI)

LR +
(95% CI)

qSOFA ≥ 2 20 (14–27) 95 (92–97) 60 (46–74) 75 (71–79) 3.78 (2.16–6.63)
SOFA ≥ 2 58 (49–66) 74 (69–78) 46 (39–54) 81 (77–86) 2.18 (1.73–2.75)

With pre-existing Valve disease
AUC ROC (95% CI)

Without pre-existing valve disease
AUC ROC (95% CI)

qSOFA 0.551 (0.485–0.617) 0.718 (0.524–0.912)
SOFA 0.627 (0.563–0.690) 0.775 (0.594–0.956)

AUC ROC = area under the receiver operating characteristic curve; CI = confidence interval; PPV = positive
predictive value; NPV = negative predictive value; LR+ = positive likelihood ratio.

3.2. Comparison between Pre-Existing Valve Disease and No Pre-Existing Valve Disease

Patients without pre-existing valve disease were younger (52 vs. 58, p = 0.033),
were more frequently on a hemodialysis regimen (17.1% vs. 4.6%, p < 0.001), had lower
hemoglobin (9.9 vs. 11, p < 0.001), higher platelet count (227.500 vs. 191.000, p = 0.033),
higher rate of embolization (39.5% vs. 14.8%, p < 0.001) and higher S. aureus etiology (18.3%
vs. 7.8%, p = 0.003) than patients with pre-existing valve disease (Supplementary Material
Table S2). The ROC curve to predict in-hospital mortality for qSOFA and SOFA scores
among infective endocarditis patients with and without pre-existing valve disease was
0.627 and 0.775, respectively (Table 4). The accuracy for qSOFA ≥ 2 and SOFA ≥ 2 is pre-
sented in Supplementary Material Table S3. Considering that S. aureus is the most virulent
microorganism in infective endocarditis, it could thus interfere with the application of the
sepsis score; therefore, we performed SOFA score validation for predictive values according
to this etiology: staphylococcal infections, qSOFA ≥ 2 (ROC 0.632, CI95% 0.456–0.807) and
SOFA ≥ 2 (ROC 0.667, CI95% 0.501–0.832); non-staphylococcal infections, qSOFA ≥ 2 (ROC
0.563, CI95% 0.499–0.628) and SOFA ≥ 2 (ROC 0.645, CI95% 0.583–0.706).

4. Discussion

qSOFA and SOFA scores were directly related to outcomes in patients with infective
endocarditis, even though they presented low accuracy overall in predicting all-cause
in-hospital death. Interestingly, an increased SOFA score demonstrated better performance
as a mortality predictor in patients without a pre-existing valve disease.

The Third International Consensus on Sepsis (Sepsis-3) emphasizes that sepsis is
defined as a life-threatening organic dysfunction and can be identified with an acute
change in a SOFA score of 2 or more; as this score reflects a mortality of approximately 10%,
the authors emphasize that higher SOFA scores are associated with higher mortality. The
qSOFA score was introduced as a possible predictive tool for bedside use to quickly identify
a possible suspicion of infection. Although qSOFA is less robust than SOFA classification,
it does not require laboratory testing and can be used for quick and repeated assessment;
therefore, qSOFA criteria should be used to prompt clinicians to further investigate organ
dysfunction and should not be used as a definitive classification tool [8].

For the main analyses, we used the Sepsis-3 definition of SOFA and qSOFA scores of
2 or more to evaluate prognosis; after all, this was the recommended value for defining
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sepsis and is widely used in clinical practice and in studies [8]. To demonstrate that the
highest qSOFA and SOFA scores have an impact on greater mortality, as in other infections,
we present stratified mortality data [16].

Since the publication of the Third International Sepsis Consensus (Sepsis-3) [8], several
authors [9,16–18] have demonstrated the high accuracy of the SOFA score as a predic-
tor of in-hospital mortality in patients with severe bacterial infections. Razani et al. [9].
studied Sepsis-3 score performance as a predictor of in-hospital death in 6024 patients
with community-acquired pneumonia. They found ROC curves of 0.697 and 0.748 for
the qSOFA and the SOFA, respectively. Additionally, Songsangjida and Khawannimit [18]
evaluated its accuracy for mortality prediction concerning sepsis scores in 6968 patients in
intensive care. They found the following ROC curve of the SOFA score in a sub-group of the
patients: septic shock (Sepsis-3) (0.820), respiratory infection (0.847), and gastrointestinal
infection (0.848).

Another report [16] evaluated 184,875 intensive care unit patients admitted with bacte-
rial infections (gastrointestinal infection—10%, urinary tract infection—5%, and respiratory
infection—18%) and showed that the SOFA had a higher accuracy for in-hospital mortality
than the qSOFA (qSOFA ROC curve—0.607 vs. SOFA ROC curve—0.753) thus concluding
that, among adults with suspected infections admitted to an ICU, an increase in the SOFA
score of 2 or more had greater prognostic accuracy for in-hospital mortality than SIRS
criteria or the qSOFA score, suggesting that SIRS criteria and qSOFA may have limited
utility for predicting mortality in this population. For infections other than IE, it is already
known that the SOFA and qSOFA have different performances for predicting sepsis and for
the prognoses of these patients; therefore, we chose to present the performance of each of
these scores in patients with IE.

There is little information related to the clinical use of sepsis scores as an early predictor
of mortality in patients with infective endocarditis. Raith et al. [16] found that, in adults
with suspected infections admitted to an ICU, an increase in the SOFA score had good
prognostic accuracy for in-hospital mortality; on the other hand, we do not have much data
for SOFA as a mortality predictor in patients with IE. We believe that this score may have a
lower accuracy in predicting the prognosis of patients with IE because, in this disease, the
patient’s death may be more frequently linked to valvular and cardiac dysfunction, as well
as embolic events, and less frequently directly associated with sepsis [4].

Tamura et al. [19] found an association between qSOFA ≥ 2 and in-hospital adverse
events (death, embolism, abscess, intracranial hemorrhage) in 83 patients with infective
endocarditis. However, the sensitivity observed was 27%, and the specificity was 95%,
similar to this study. Asai et al. [12], while studying the prognostic effect of sepsis scores
in 66 cases of infective endocarditis, found that the SOFA ≥ 6 had high accuracy as an
in-hospital death predictor (with an ROC curve of 0.915). Although the number of patients
studied was small in this study [12], the high proportion of staphylococcal infections (53%) in
this series may have influenced the SOFA score performance. Since S. aureus is known to be
a highly virulent pathogen, an infection of this microorganism may be directly associated
with sepsis complications [20].

This study verified the better prognostic performance of sepsis criteria in patients
without pre-existing heart valve diseases. This population showed a higher prevalence of
staphylococcal infections, as well as a higher rate of embolism at admission, which could
be related to more susceptibility to complications associated with septicemia. An increased
SOFA score by 2 or more points has shown promise as a mortality predictor in patients
without pre-existing valve diseases, reaching closer accuracy to other bacterial infections.
However, this has to be evaluated in a larger cohort.

Patients with pre-existing valvar diseases may have complications associated with
valvular dysfunction rather than classic sepsis-related organic dysfunctions. Although
an infection of S. aureus is an important risk factor for death [13,20–22], other prognostic
factors are recognized in patients with endocarditis, such as advanced age [15,23,24],
the pre-existence of chronic kidney disease [21,24,25], diabetes [1,22,26], prosthetic valve
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endocarditis [10,25,27,28], and heart failure [15,29,30]. Thus, it is possible that death due to
endocarditis in patients with pre-existing heart valve diseases is more closely related to
valve dysfunction or comorbidities than directly to sepsis complications [31]. Applying
sepsis scores in patients with infective endocarditis on admission, as a SOFA ≥ 2, may
help identify patients with an increased risk of death—mainly those without pre-existing
heart valve diseases. However, this may lead to misleading risk stratification, particularly
regarding patients with pre-existing heart valve diseases.

Some limitations should be considered. First, this is a single-center study in a cardiac
referral hospital, which may reflect patients having a higher prevalence of valvular diseases
and severe diseases, with higher mortality, than other general hospitals. In Brazil, we
have a high rate of valvular diseases resulting from rheumatic etiology, which differs from
countries with a high level of development; these facts may influence the results found
here and hinder their applicability in different scenarios. The benefit of a SOFA score with
an increase of 2 or more points as a prognostic marker in patients without any known
pre-existing heart valve diseases needs to be confirmed in a larger cohort.

In August 2023, the new Infectious Endocarditis (IE) guideline from the European
Society of Cardiology (ESC) was published [32], with several new features. This database
and analysis were formed before this publication; therefore, all the clinical management
and criteria followed previous guidelines [4].

5. Conclusions

qSOFA and SOFA scores were associated with increased in-hospital mortality in
patients with infective endocarditis. However, as accuracy was relatively lower compared
to other sites of bacterial infections, we believe that this score may have a lower accuracy in
predicting the prognosis of patients with IE, because, in this disease, the patient’s death
may be more frequently linked to valvular and cardiac dysfunction, as well as embolic
events, and less frequently directly associated with sepsis. Additional studies are needed
to determine a specific early prognostic score to predict mortality in these patients.
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without pre-existing valve disease.

Author Contributions: Conceptualization, R.F.S.; methodology, R.F.S., M.S.B. and D.M.G.; formal
analysis, T.M.V.S., M.S.B. and D.M.G.; data curation, B.L.d.A., L.P., F.G. and M.P.; writing—original
draft preparation, B.L.d.A.; writing—review and editing, V.F.d.O. and R.F.S.; visualization, V.F.d.O.,
R.F.S., A.J.M., F.T. and R.S.; supervision, T.M.V.S. and R.F.S.; project administration, R.F.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The ethics committee of the Hospital da Clínicas, University of
São Paulo and Instituto do Coracao (InCor) do Hospital das Clinicas HCFMUSP, Faculdade de Medicina,
Universidade de Sao Paulo, Sao Paulo, SP, BR; approved this study (approval number: 0817/11).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study, and the analysis used anonymous clinical data.

Data Availability Statement: Data sharing is not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/tropicalmed9010023/s1
https://www.mdpi.com/article/10.3390/tropicalmed9010023/s1


Trop. Med. Infect. Dis. 2024, 9, 23 9 of 10

References
1. Cahill, T.J.; Prendergast, B.D. Infective endocarditis. Lancet 2016, 387, 882–893. [CrossRef] [PubMed]
2. Holland, T.L.; Baddour, L.M.; Bayer, A.S.; Hoen, B.; Miro, J.M.; Fowler, V.G. Infective endocarditis. Nat. Rev. Dis. Primers 2016, 2, 16059.

[CrossRef] [PubMed]
3. Klein, M.; Wang, A. Infective Endocarditis. J. Intensive Care Med. 2016, 31, 151–163. [CrossRef] [PubMed]
4. 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: 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). Eur. Heart J. 2015, 36, 3075–3128. [CrossRef] [PubMed]

5. 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, e82665. [CrossRef] [PubMed]

6. 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. [CrossRef]

7. Nappi, F.; Spadaccio, C.; Moon, M.R. A management framework for left sided endocarditis: A narrative review. Ann. Transl. Med.
2020, 8, 1627. [CrossRef] [PubMed]

8. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, J.-D.;
Coopersmith, C.M.; et al. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315,
801–810. [CrossRef]

9. Ranzani, O.T.; Prina, E.; Menéndez, R.; Ceccato, A.; Cilloniz, C.; Méndez, R.; Gabarrus, A.; Barbeta, E.; Bassi, G.L.; Ferrer, M.; et al.
New Sepsis Definition (Sepsis-3) and Community-acquired Pneumonia Mortality. A Validation and Clinical Decision-Making
Study. Am. J. Respir. Crit. Care Med. 2017, 196, 1287–1297. [CrossRef]

10. Hoen, B.; Duval, X. Infective endocarditis. N. Engl. J. Med. 2013, 369, 785. [CrossRef]
11. Serafim, R.; Gomes, J.A.; Salluh, J.; Póvoa, P. A Comparison of the Quick-SOFA and Systemic Inflammatory Response Syndrome

Criteria for the Diagnosis of Sepsis and Prediction of Mortality: A Systematic Review and Meta-Analysis. Chest 2018, 153, 646–655.
[CrossRef] [PubMed]

12. Asai, N.; Shiota, A.; Ohashi, W.; Watanabe, H.; Shibata, Y.; Kato, H.; Sakanashi, D.; Hagihara, M.; Koizumi, Y.; Yamagishi,
Y.; et al. The SOFA score could predict the severity and prognosis of infective endocarditis. J. Infect. Chemother. 2019, 25, 965–971.
[CrossRef] [PubMed]

13. Thuny, F.; Grisoli, D.; Collart, F.; Habib, G.; Raoult, D. Management of infective endocarditis: Challenges and perspectives. Lancet
2012, 379, 965–975. [CrossRef] [PubMed]

14. Li, J.S.; Sexton, D.J.; Mick, N.; Nettles, R.; Fowler, V.G., Jr.; Ryan, T.; Bashore, T.; Corey, G.R. Proposed modifications to the Duke
criteria for the diagnosis of infective endocarditis. Clin. Infect. Dis. 2000, 30, 633–638. [CrossRef] [PubMed]

15. He, P.-C.; Wei, X.-B.; Luo, S.-N.; Chen, X.-L.; Ke, Z.-H.; Yu, D.-Q.; Chen, J.-Y.; Liu, Y.-H.; Tan, N. Risk prediction in infective
endocarditis by modified MELD-XI score. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 1243–1250. [CrossRef]

16. Raith, E.P.; Udy, A.A.; Bailey, M.; McGloughlin, S.; MacIsaac, C.; Bellomo, R.; Pilcher, D.V.; Australian and New Zealand Intensive
Care Society (ANZICS) Centre for Outcomes and Resource Evaluation (CORE). Prognostic Accuracy of the SOFA Score, SIRS
Criteria, and qSOFA Score for In-Hospital Mortality Among Adults with Suspected Infection Admitted to the Intensive Care Unit.
JAMA 2017, 317, 290–300. [CrossRef]

17. Khwannimit, B.; Bhurayanontachai, R.; Vattanavanit, V. Comparison of the performance of SOFA, qSOFA and SIRS for predicting
mortality and organ failure among sepsis patients admitted to the intensive care unit in a middle-income country. J. Crit. Care
2018, 44, 156–160. [CrossRef]

18. Songsangjinda, T.; Khwannimit, B. Comparison of severity score models based on different sepsis definitions to predict in-hospital
mortality among sepsis patients in the Intensive Care Unit. Med. Intensiv. 2020, 44, 226–232. [CrossRef]

19. Tamura, Y.; Nomura, A.; Yoshida, S.; Tada, H.; Sakata, K.; Iino, K.; Furusho, H.; Takamura, M.; Takemura, H.; Yamagishi, M.; et al.
Quick sepsis-related organ failure assessment score as a possible predictor for in-hospital adverse events in infective endocarditis.
Acute Med. Surg. 2019, 6, 138–144. [CrossRef]

20. Murdoch, D.R.; Corey, G.R.; Hoen, B.; Miro, J.M.; Fowler, V.G., Jr.; 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. [CrossRef]

21. Cabell, C.H.; Jollis, J.G.; Peterson, G.E.; Corey, G.R.; Anderson, D.J.; Sexton, D.J.; Woods, C.W.; Reller, L.B.; Ryan, T.; Fowler,
V.G. Changing patient characteristics and the effect on mortality in endocarditis. Arch. Intern. Med. 2002, 162, 90–94. [CrossRef]
[PubMed]

22. Manne, M.B.; Shrestha, N.K.; Lytle, B.W.; Nowicki, E.R.; Blackstone, E.; Gordon, S.M.; Pettersson, G.; Fraser, T.G. Outcomes after
surgical treatment of native and prosthetic valve infective endocarditis. Ann. Thorac. Surg. 2012, 93, 489–493. [CrossRef]

23. Da Costa, M.A.C.; Wollmann, D.R., Jr.; Campos, A.C.L.; Da Cunha, C.L.P.; De Carvalho, R.G.; De Andrade, D.F.; Loures, D.R.R.
Risk index for death by infective endocarditis: A multivariate logistic model. Rev. Bras. Cir. Cardiovasc. 2007, 22, 192–200.
[CrossRef]

https://doi.org/10.1016/S0140-6736(15)00067-7
https://www.ncbi.nlm.nih.gov/pubmed/26341945
https://doi.org/10.1038/nrdp.2016.59
https://www.ncbi.nlm.nih.gov/pubmed/27582414
https://doi.org/10.1177/0885066614554906
https://www.ncbi.nlm.nih.gov/pubmed/25320158
https://doi.org/10.1093/eurheartj/ehv319
https://www.ncbi.nlm.nih.gov/pubmed/26320109
https://doi.org/10.1371/journal.pone.0082665
https://www.ncbi.nlm.nih.gov/pubmed/24349331
https://doi.org/10.36660/abc.20180194
https://doi.org/10.21037/atm-20-4439
https://www.ncbi.nlm.nih.gov/pubmed/33437826
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1164/rccm.201611-2262OC
https://doi.org/10.1056/NEJMcp1206782
https://doi.org/10.1016/j.chest.2017.12.015
https://www.ncbi.nlm.nih.gov/pubmed/29289687
https://doi.org/10.1016/j.jiac.2019.05.014
https://www.ncbi.nlm.nih.gov/pubmed/31320197
https://doi.org/10.1016/S0140-6736(11)60755-1
https://www.ncbi.nlm.nih.gov/pubmed/22317840
https://doi.org/10.1086/313753
https://www.ncbi.nlm.nih.gov/pubmed/10770721
https://doi.org/10.1007/s10096-018-3240-8
https://doi.org/10.1001/jama.2016.20328
https://doi.org/10.1016/j.jcrc.2017.10.023
https://doi.org/10.1016/j.medin.2018.12.004
https://doi.org/10.1002/ams2.393
https://doi.org/10.1001/archinternmed.2008.603
https://doi.org/10.1001/archinte.162.1.90
https://www.ncbi.nlm.nih.gov/pubmed/11784225
https://doi.org/10.1016/j.athoracsur.2011.10.063
https://doi.org/10.1590/s0102-76382007000200007


Trop. Med. Infect. Dis. 2024, 9, 23 10 of 10

24. Damasco, P.V.; Ramos, J.N.; Correal, J.C.D.; Potsch, M.V.; Vieira, V.V.; Camello, T.C.F.; Pereira, M.P.; Marques, V.D.; Santos, K.R.N.;
Marques, E.A.; et al. Infective endocarditis in Rio de Janeiro, Brazil: A 5-year experience at two teaching hospitals. Infection 2014,
42, 835–842. [CrossRef] [PubMed]

25. Hoen, B.; Alla, F.; Selton-Suty, C.; Béguinot, I.; Bouvet, A.; Briançon, S.; Casalta, J.-P.; Danchin, N.; Delahaye, F.; Etienne, J.; et al.
Changing profile of infective endocarditis: Results of a 1-year survey in France. JAMA 2002, 288, 75–81. [CrossRef] [PubMed]

26. Chu, V.H.; Cabell, C.H.; Benjamin, D.K.; Kuniholm, E.F.; Fowler, V.G.; Engemann, J.; Sexton, D.J.; Corey, G.R.; Wang, A. Early
predictors of in-hospital death in infective endocarditis. Circulation 2004, 109, 1745–1749. [CrossRef] [PubMed]

27. Nadji, G.; Rusinaru, D.; Rémadi, J.-P.; Jeu, A.; Sorel, C.; Tribouilloy, C. Heart failure in left-sided native valve infective endocarditis:
Characteristics, prognosis, and results of surgical treatment. Eur. J. Heart Fail. 2009, 11, 668–675. [CrossRef] [PubMed]

28. Samol, A.; Kaese, S.; Bloch, J.; Görlich, D.; Peters, G.; Waltenberger, J.; Baumgartner, H.; Reinecke, H.; Lebiedz, P. Infective
endocarditis on ICU: Risk factors, outcome and long-term follow-up. Infection 2015, 43, 287–295. [CrossRef]

29. Rosa, R.G.; Moraes, R.B.; Lisboa, T.C.; Schunemann, D.P.; Teixeira, C. Does SOFA predict outcomes better than SIRS in Brazilian
ICU patients with suspected infection? A retrospective cohort study. Braz. J. Infect. Dis. 2017, 21, 665–669. [CrossRef]

30. Werdan, K.; Dietz, S.; Löffler, B.; Niemann, S.; Bushnaq, H.; Silber, R.-E.; Peters, G.; Müller-Werdan, U. Mechanisms of infective
endocarditis: Pathogen-host interaction and risk states. Nat. Rev. Cardiol. 2014, 11, 35–50. [CrossRef]

31. Olmos, C.; Vilacosta, I.; Fernández, C.; López, J.; Sarriá, C.; Ferrera, C.; Revilla, A.; Silva, J.; Vivas, D.; González, I.; et al.
Contemporary epidemiology and prognosis of septic shock in infective endocarditis. Eur. Heart J. 2013, 34, 1999–2006. [CrossRef]
[PubMed]

32. Donal, E.; Tribouilloy, C.; Sadeghpour, A.; Laroche, C.; Tude Rodrigues, A.C.; Pereira Nunes, M.D.C.; Kang, D.H.; Hernadez-
Meneses, M.; Kobalava, Z.; De Bonis, M.; et al. Cardiac device-related infective endocarditis need for lead extraction whatever the
device according to the ESC EORP EURO-ENDO registry. Eur. Heart J. Open 2023, 3, oead064. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s15010-014-0640-2
https://www.ncbi.nlm.nih.gov/pubmed/24934541
https://doi.org/10.1001/jama.288.1.75
https://www.ncbi.nlm.nih.gov/pubmed/12090865
https://doi.org/10.1161/01.CIR.0000124719.61827.7F
https://www.ncbi.nlm.nih.gov/pubmed/15037538
https://doi.org/10.1093/eurjhf/hfp077
https://www.ncbi.nlm.nih.gov/pubmed/19553397
https://doi.org/10.1007/s15010-014-0715-0
https://doi.org/10.1016/j.bjid.2017.09.002
https://doi.org/10.1038/nrcardio.2013.174
https://doi.org/10.1093/eurheartj/ehs336
https://www.ncbi.nlm.nih.gov/pubmed/23060453
https://doi.org/10.1093/ehjopen/oead064
https://www.ncbi.nlm.nih.gov/pubmed/37465258

	Introduction 
	Materials and Methods 
	Studied Variables 
	Definitions 
	Clinical Endpoint 
	Statistical Analysis 

	Results 
	Survival and Non-Survival Groups in Comparison 
	Comparison between Pre-Existing Valve Disease and No Pre-Existing Valve Disease 

	Discussion 
	Conclusions 
	References

