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Abstract: Background and Objectives: Characterization of patients with endocarditis regarding demo-
graphic, clinical, biological and imagistic data, blood culture results and possible correlation between
different etiologic factors and host status characteristics. Material and methods: This is a retrospective
observational descriptive study conducted on patients older than 18 years admitted in the past
10 years, in the Cardiology Clinic of the Clinical County Emergency Hospital Oradea Romania, with
clinical suspicion of bacterial endocarditis. Demographic data, clinical, paraclinical investigations and
outcome were registered and analyzed. Results: 92 patients with definite infective endocarditis (IE)
according to modified Duke criteria were included. The mean age of patients was 63.80 ± 13.45 years.
A percent of 32.6% had health care associated invasive procedure performed in the 6 months before
diagnosis of endocarditis. Charlson’s comorbidity index number was 3.53 ± 2.029. Most common
clinical symptoms and signs were: shortness of breath, cardiac murmur, fever. Sixty-six patients
had native valve endocarditis, 26 patients had prosthetic valve endocarditis and one patient was
with congenital heart disease. Blood cultures were positive in 61 patients. Among positive culture
patient’s staphylococcus group was the most frequently involved: Staphylococcus aureus (19.6%) and
coagulase negative Staphylococcus (18.5%). Most frequent complications were heart failure, acute renal
failure and embolic events. Conclusions: Staphylococcus aureus IE was associated with the presence
of large vegetations, prosthetic valve endocarditis and intracardiac abscess. Coagulase negative
Staphylococcus (CoNS) infection was associated with prosthetic valve dysfunction. Streptococcus
gallolyticus etiology correlated with ischemic embolic stroke and the presence of large vegetations.
Cardiovascular surgery was recommended in 67.4% of patients but was performed only on half of
them. In hospital death occurred in 33.7% of patients and independent predictors of mortality were
congestive heart failure and septic shock.

Keywords: endocarditis; etiology; correlations; complications; mortality

1. Introduction

Despite the advances in diagnostic, surgical and critical care treatment endocardi-
tis remains a life-threatening disease with an estimated in-patient mortality between
15–30% [1]. In recent years, the epidemiology of endocarditis has changed both with re-
gards to pathogen and host as well as the bacteria’s spectrum. While in the past Streptococcus
viridans used to be the most frequently encountered germ, Staphylococcus aureus has been
gaining ground lately.
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Patient demographic characteristics have also changed. Rheumatic valve disease and
congenital heart disease used to be the main risk factors in the past; however, rates have
been declining, degenerative valve disease currently being the main underlying disease.
Therefore, patients are generally older and with multiple comorbidities [2]. The advances
in cardiology and cardiac surgery with increased use of surgical and transcatheter pros-
thetic valve replacement, of implantable electronic devices, the increased use of venous
catheters, contribute to the change in risk factor profile of the patients [3]. Increasing inva-
sive therapeutic or/and diagnostic procedures in hospital, replacement of degenerative
valve is responsible of bacteremia and finally healthcare-associated IE (infective endo-
carditis) representing about 30% of all endocarditis cases [1,2,4]. Healthcare-associated
infective endocarditis is defined as either IE with onset of symptoms ≥48 h after admission
to hospital or IE acquired after discharge from the hospital in association with a significant
invasive procedure performed in the six months before diagnosis in at least two circum-
stances: during hospitalization and/or manipulation in a hospital setting (nosocomial
healthcare-associated IE) and/or in patients with extensive out-of-hospital contact with
healthcare interventions (non-nosocomial healthcare-associated IE).

Rapid identification of the etiological agent is important for successful management of
the patient. Positive blood culture is a major diagnostic criterion for infective endocarditis
but identification of etiology can fail due to several factors: prior administration of antibi-
otics before culture, fastidious or hard to culture infectious organisms such as HACEK
or fungi, or poor microbiologic technique upon collection and cultures. Evaluating the
spectrum of pathogens causing bacterial endocarditis in the community and the preva-
lence of pathogens in relation with different categories of patients can help in the initial
management of patients which is empirical until identification of the etiological agent or in
patients with culture negative endocarditis.

The aim of this study is characterization of patients with endocarditis regarding de-
mographic, clinical and imagistic data and possible correlation between different etiologic
factors and host status characteristics.

2. Materials and Methods

This is a retrospective observational descriptive study conducted on all patients older
than 18 years with clinical suspicion of bacterial endocarditis admitted in the past 10 years,
from January 2010 until December 2019, in the Cardiology clinic of the Clinical County
Emergency Hospital Oradea Romania, a center without cardiovascular surgical facilities.
Definite diagnosis of endocarditis was made if two major criteria, one major and three
minor criteria or five minor modified Duke criteria were present [5].

Demographic data, patient history, clinical symptoms and signs, associated disease,
antibiotic therapy, health care associated procedures six months prior admission and the
department of initial admission were recorded. Charlson’s comorbidity index was calcu-
lated using a validated model [6]. Laboratory investigations such as CBC (complete blood
count), erythrocyte sedimentation rate and C reactive protein, creatinine levels, results of
blood cultures and serological tests were registered. Transthoracic echocardiography and
in some patients also transesophageal echocardiography were performed.

Complications during hospitalization, evolution of patients, medical treatment, indica-
tion for surgery in emergency or planned and in hospital mortality were noted and analyzed.

All subjects gave their informed consent for inclusion before they participated in the
study. The study was conducted in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of Clinical County Emergency Hospital
Oradea, Bihor County (decision no 911/14.01.2020). All patients included in the study
have signed the informed consent form at admission.

Statistical analysis was made using SPSS statistical package version 25. Categorical data
was expressed as frequencies and percentages. Continuous data was expressed as mean ± SD.
Relationship between quantitative variables was analyzed using Pearson bivariate correlation
test and between categorical variable Spearman bivariate correlation test.
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Intergroup comparison was made using Kruskal Wallis test for categorical data and
one-way Anova for continuous data with post hoc analysis to determine which of these
groups differ from each other. Binary simple logistic regression was made to determine
the probability of event occurring for a predictor and then statistically significant predic-
tors were included in a multiple logistic regression analysis to evaluate the independent
predictor value for each factor. A multivariable Cox regression analysis was performed
to identify predictors of in-hospital all-cause mortality (only the first 120 days of survival
were taking into considering). A p < 0.05 was considered statistically significant.

3. Results

From 116 patients initially selected, only 92 patients with definite infective endocarditis
(IE) according to modified Duke criteria were included. Patients who didn’t fulfilled the
criteria of definite endocarditis according to modified Duke criteria were excluded.

3.1. Patient Demographic Data and Characteristics

The mean age of patients was 63.80 ± 13.45 years, half of them being older than
65 years. Forty-nine patients were male (53.3%). Clinical symptoms were very variable so
diagnosis was difficult. According to that a number of 70 patients (76.08%) were admitted
to cardiology and 5 patients (5.43%) to the intensive care unit (ICU). The rest of 18 patients
(19.56%) were initially admitted to other departments, seven (7.60%) of them to internal
medicine, four (4.43%) of them to the neurology department, two (2.17%) of them to the
infectious disease department, two (2.17%) of them to pneumology, one (1.08%) to the
diabetology department and one (1.08%) to the neurosurgery department. There was a
mean number of 9.2 ± 4.51 patients admitted/year with definite IE, the fewest were in
2010 and the most in 2018 (Figure 1).
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Figure 1. Admission year and department.

3.2. Clinical Characteristics

The most common clinical symptoms and signs were: shortness of breath (75 patients,
81.5%), cardiac murmur (77 patients, 83.7%), fever (61 patients, 66.3%). Other important
clinical signs were: pallor (49 patients, 53.3%), weight loss (39 patients, 42.4%) and anorexia
(28 patients, 30.4%). Cerebral embolic events at admission were present in 4 patients (4.3%)
admitted to the neurology department with ischemic embolic stroke. Sixty-six patients
(71.7%) had native valve endocarditis, 26 patients (27.2%) had prosthetic valve endocarditis.
One patient in the prosthetic valve group had congenital heart disease, surgically treated for
Fallot tetralogy in childhood with closure of the ventricular septal defect with a prosthetic
patch and reconstruction of the right ventricular outflow tract. He developed endocarditis
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at the level of a residual ventricular septal defect. The most frequently affected native valve
was the mitral valve followed by aortic valve. Four patients (4.4%) had multiple valve
involvement (Table 1).

Table 1. Endocarditis localization native valve.

Valves Number (Percent)

Native aortic valve 29 (31.5)
Native aortic and tricuspid valve 2 (2.2)

Native mitral valve 33 (35.9)
Native mitral and aortic valve 2 (2.2)

Total 66 (71.7)

The most frequently involved prosthetic valve was aortic mechanic valve followed by
mitral mechanic valve. Multiple prosthetic valve involvement was present in 4 patients
(4.4%) as can be seen in the Table 2. A VVI (Ventricular demand pacing) pacemaker was
present in two patients with endocarditis: one with vegetations on the mitral valve and
the other with biologic aortic and mitral prosthetic valve involvement. Device related
endocarditis could not be confirmed.

Table 2. Endocarditis localization prosthetic valve.

Valves Number (Percent)

Prosthetic aortic biologic valve 3 (3.33)
Prosthetic aortic mechanic valve 10 (10.9)
Prosthetic mitral biologic valve 1 (1.1)

Prosthetic mitral mechanic valve 7 (7.6)
Prosthetic mitro-aortic biologic valve 3 (3.33)

Prosthetic mitro-aortic mechanic valve 1 (1.1)
Corrected Tetralogy Fallot 1 (1.1)

Total 26 (27.2)

3.3. Biological Features

Blood cultures were negative in 28 patients (30.43%) and positive in 64 patients (69.56%).
The gram-positive aetiology was predominant (58.69%). Among Gram positive culture,
staphylococcus group was the most frequently encountered (41 strains), 20 patients had
positive blood cultures for Staphylococcus aureus (21.73%) and 21 patients had coagulase
negative Staphylococcus (22.82%). Enterococcus spp. were isolated in 7 patients (7.6%) same as
gram-negative bacillus (one with Haemophilus influenzae and six with non-HACEK group).
Non-HACEK Gram-negative bacillus endocarditis were Escherichia coli (3 patients), Klebsiella
pneumoniae (2 patients) and Pseudomonas aeruginosa (1 patient). All these patients had native
valves IE and vascular catheterization in previous week. Seven patients had positive cultures
for Streptococcus spp. (7.6%). They are all part of the viridans group (five strains were
Streptococcus gallolyticus, two patients with Streptococcus viridans). In 3 patients, multiple germs
(polymicrobial growth) were identified from blood cultures (3.3%) (Figure 2).
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3.4. Health Care Associated Endocarditis

There were a number of 30 patients (32.6%) with health care associated invasive
procedure performed in the six months before diagnosis of endocarditis: 24 patients (80%)
had procedure performed during hospitalization-nosocomial endocarditis and 6 patients
(20%) had out of hospital interventions -non nosocomial health care associated endocarditis.
In the majority of cases (66.66%) vascular portal of entry was suspected (Table 3). There
were no intravenous drug abusers in our cohort.

Table 3. Health care associated procedures.

Medical Procedure n = 30 (%)

Vascular peripheral vein
catheter 9 9.78

Vascular central vein catheter 1 1.08
Vascular hemodialysis 2 2.17

Vascular cardiac surgery 3 3.26
Vascular angiography 3 3.26

Vascular surgery 2 2.17
Gastrointestinal 3 3.26

Brain surgery 2 2.17
Dental 2 2.17
Skin 1 1.08

3.5. Imaging Evaluation

Electrocardiography was abnormal in 42 patients (45.7%), 28 patients (30.4%) with na-
tive valve endocarditis and 14 patients (15.2%) with prosthetic valve endocarditis (p = 0.325
between groups).

Most frequently encountered electrocardiographic findings were: left ventricular
hypertrophy in 20 patients (21.7%), permanent atrial fibrillation in 20 patients (21.7%),
paroxysmal atrial fibrillation in 9 patients (9.8%), intraventricular conduction abnormalities
in 8 patients (8.6%) and atrioventricular conduction abnormalities in 6 patients (6.5%).

Left ventricular hypertrophy was more common in native valve endocarditis, 18 pa-
tients (19.6%) versus only 2 patients (2.2%) with prosthetic valve endocarditis (p = 0.041).

Paroxysmal atrial fibrillation was registered in 7 patients (7.6%) with native valve
endocarditis versus 2 patients (2.2%) with prosthetic valve endocarditis (p = 0.67). Perma-
nent atrial fibrillation, was more common in patients with prosthetic valve endocarditis-11
patients (12%) vs. 9 patients (9.8%) with native valve endocarditis (p = 0.003).

Atrioventricular block was more common in patients with prosthetic valve endocarditis,
4 patients (4.3%) versus only 2 patients (2.2%) with native valve endocarditis (p = 0.032).
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Right bundle branch block was observed in 4 patients (4.3%), 3 patients (3.3%) with
native valve endocarditis and one patient (1.1%) with prosthetic valve endocarditis (p = 0.884);
left bundle branch block was registered in 4 patients (4.3%), 2 patients with native valve
endocarditis (2.2%) and 2 patients (2.2%) with prosthetic valve endocarditis (p = 0.329).

Sustained ventricular tachycardia occurred in 2 patients (2.2%), one patient (1.1%)
in the native valve endocarditis group and the other in the prosthetic valve endocarditis
group (p = 0.45).

Transthoracic echocardiography was performed in all patients and transesophageal
echocardiography was performed in 35 patients (38%). Vegetations as major criterion
for diagnosis were identified in 82 patients (89.1%). Large vegetations >10 mm were
present in 39 patients (42.4%) and intracardiac abscess was found in14 patients (15.2%).
Twenty-six patients (28.6%) developed acute valvular regurgitation and seven patients
(7.6%) presented prosthetic valve dysfunction.

3.6. Complications

In hospital follow-up complications were registered in 64 patients (69.6%). Heart
failure was the most frequently encountered complication in 48.9% of patients. Eighteen
patients (19.6%) had cardiogenic shock or acute pulmonary oedema, and 29.3% were in
congestive heart failure. Factors that correlated with congestive heart failure by bivariate
analysis were Charlson’s index (r = 0.291, p = 0.005) and Staphylococcus aureus etiology
(r = 0.224, p = 0.032). In multivariate logistic regression independent predictors of con-
gestive heart failure remained Charlson’s index (p = 0.007, OR = 1.435, 1.104–1.865) and
Staphylococcus aureus infection (p = 0.035, OR = 3.324, 95% CI = 1.086–10.175).

Cardiogenic shock/acute pulmonary edema correlated in bivariate analysis with acute
valvular regurgitation (r = 0.358, p = 0.001), acute renal failure (r = 0.344, p = 0.001) and
septic shock (r = 0.429, p < 0.001). Independent predictors of cardiogenic shock/acute
pulmonary oedema after multivariate logistic regression analysis remained: acute valvular
regurgitation (p = 0.003, OR = 5.919, 95% CI = 1.797–19.493) and acute renal failure (p = 0.003,
OR = 5.919, 95% CI = 1.797–9.493).

Acute renal failure occurred in 27 patients (29.3%) and correlated in bivariate analysis
with septic shock (r = 0.355, p = 0.001) and cardiogenic shock (r = 0.344, p = 0.001). In
multiple logistic regression these factors remained independent predictors: septic shock
(p = 0.033, OR = 4.58, 95% CI = 1.133–18.520) and cardiogenic shock (p = 0.038, OR = 3.572,
95% CI 1.073–11.893).

Embolic events were registered in 19 patients (20.7%) (12 cerebral, 3 spleen, 1 pe-
ripheral artery, 3 coronary arteries). All three patients with coronary artery embolism
presented with ST elevation myocardial infarction and had native valve endocarditis, two
patients with aortic valve involvement and one patient with mitral valve involvement. The
coronary arteries affected were middle left anterior descending artery in two patients and
posterolateral branch of the circumflex artery in one patient. Blood cultures were positive
for Staphylococcus aureus in one patient, CoNS (Coagulase negative Staphylococcus) in one
patient and were negative in one patient. These events correlated with large vegetations
(r = 0.323, p = 0.002) by bivariate analysis. In multivariate logistic regression analysis only
vegetation size remained independent predictor of embolic events (p = 0.009, OR = 4.659,
95% CI = 1.472–14.746).

Twelve percent of patients had ischemic stroke and one patient developed cerebral
hemorrhage. Ischemic stroke was correlated with health care associated IE (r = 0.350,
p = 0.001), Streptococcus gallolyticus IE (r = 0.474, p < 0.001) and in general Streptococcus spp.
etiology (r = 0.254, p = 0.015). In multivariate logistic regression analysis Streptococcus spp.
etiology remained an independent predictor of ischemic stroke (p = 0.028, OR = 6.333, 95%
CI 1.218–32.935).

Other complications were intracardiac abscess in 15.2% of patients and septic shock in
14.1% of patients. Prosthetic valve dysfunction occurred in 7.6% of patients. Intracardiac
abscess correlated directly with the presence of prosthetic valve (r = 0.272, p = 0.009)
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and development of acute valvular regurgitation (r = 228, p = 0.029). In multivariate
logistic regression analysis, the most important predictor of intracardiac abscess remained
Staphylococcus aureus infection (p = 0.002, OR = 10.334, 95% CI 2.425–44.036). Septic shock
correlated with gram negative bacilli etiology (r = 0.207, p = 0.048) and acute renal failure
(r = 0.355, p = 0.001) in bivariate analysis. In multivariate logistic regression analysis
independent predictor for septic shock was acute renal failure (p = 0.002, OR = 7.853, 95%
CI 2.078–29.681).

Atrioventricular conduction abnormality appeared in 6.5% of patients and correlated
with the presence of a prosthetic valve (r = 0.225, p = 0.031), acute renal failure (r = 0.216,
p = 0.038), intracardiac abscess (r = 0.256, p = 0.014), and prosthetic valve dysfunction
(r = 0.256, p = 0.014) in bivariate analysis. Complete atrioventricular block occurred in
3.3% of patients, second degree atrioventricular block 2:1 was present in 1.1% of patients
and 2.2% of patients had first degree atrioventricular block. In multivariate regression
analysis intracardiac abscess was independent predictor for atrioventricular conduction
abnormality (p = 0.048, OR = 6.148, 95% CI 1.017–37.147).

Mean age of patients with surgical treatment was 64.03 ± 14.49 years. From 32 patients
who underwent surgery a number of six had prosthetic valve endocarditis. Most of
them, 28 patients (30.4%) had valve replacement vs. only three patients (3.3%) with valve
repair (Table 4). One patient with severe aortic stenosis and associated high surgical
risk underwent transaortic valve implantation after healing of endocarditis (1.1%). Mean
hospital stay in surgery was 14.3 ± 11.7 days.

Table 4. Type of surgery performed.

Operative Procedure Patients (No/%) Type of Implanted Valves

Aortic valve replacement 17 (18.5%)
12 (13%) mechanical
5 (5.4%) bioprosthetic

Mitral valve replacement 9 (9.8%)
5(5.54%) mechanical
4 (4.3%) bioprosthetic

Double valve replacement
(mitral and aortic) 2 (2.2%)

1 (1.1%) mechanical
1 (1.1%) bioprosthetic

Mitral valve repair 3 (3.3%)

Surgery was recommended in 62 patients (67.4%), more often in IE with Staphylococcus
aureus etiology (r = 0.285, p = 0.006); Staphylococcus spp. infection (r = 0.259, p = 0.013) in
patients with large vegetations (r = 0.550, p < 0.001) and in acute valvular regurgitation
(r = 0.392, p < 0.001). It was performed on an emergency basis due to hemodynamic
instability in 8 patients (8.7%) and was elective in 24 patients (26%). The rest of 30 patients
did not undergo surgical intervention due to various reasons: patient refusal, surgeon deny,
poor clinical condition or were lost from observation. Mortality after surgery was 18.75%
(6/32), 37.5% (3/8) for patients operated in emergency versus 12.5% (3/24) for patients
with elective surgery (p = 0.3). Causes of mortality for patients operated in emergency
were: systemic sepsis and multiple organ failure for two patients and bleeding with cardiac
tamponade in one patient. For patients with elective surgery the causes of death were:
cardiogenic shock in two patients and hemorrhagic stroke in one patient. Mortality was
significantly higher in the group with prosthetic valve endocarditis who underwent surgery
50% (3/6) vs. 11.54% (3/26) in the native valve endocarditis group (p = 0.03). Postoperative
complications appeared in 53.13% (17/32) of patients. Major postoperative complications
are presented in Table 5.
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Table 5. Major complications after surgery.

Complication Number of Patients

Cardiogenic shock 5 (15.62%)
Bleeding requiring reintervention 6 (18.75%)

Stroke 2 (6.25%)
Atrioventricular block 2 (6.25%)

Renal failure 7 (21.88%)
Mediastinitis 4 (12.8%)

Systemic sepsis 3 (9.38%)

Surgery in emergency correlated with acute valvular regurgitation (r = 0.233, p = 0.026),
elective surgery correlated directly with the presence of large vegetations (r = 0.245,
p = 0.018) and inversely with stroke (r = −0.256, p = 0.014) and septic shock (r = −0.268,
p = 0.01). An independent predictor for elective surgery in multivariate regression was the
presence of large vegetation (p = 0.023, OR = 3.062 95% CI 1.170–8.014)

3.7. Mortality

Death occurred in 31 of patients which accounts for a mortality of 33.7%. Death cor-
related in univariate Cox regression analysis with: Staphylococcus aureus etiology (p = 0.04,
OR = 2.207, 95% CI 1.036–4.700), prosthetic valve dysfunction (p = 0.024, OR = 3.04, 95%
CI 1.161–7.96), embolic events (p = 0.02, OR = 2.403, 95% CI 1.148–5.028), cardiogenic shock
(p = 0.001, OR = 3.518, 95% CI 1.702–7.275), congestive heart failure (p = 0.018, OR = 2.365,
95% CI 1.162–4.812), acute renal failure (p < 0.001, OR = 4.181, 95% CI 2.040–8.568), stroke
(p = 0.004, OR = 3.147, 95% CI 1.441–6.872) and septic shock (p < 0.001, OR = 8.091, 95% CI
3.861–16.953).The overall survival of patients with septic shock can be seen in the Figure 3.
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Figure 3. Survival curve of patients with septic shock for the first 120 days shows a significant lower
survival compared to patients without septic shock (p < 0.001).

Independent predictors for death in multivariate cox regression analysis remained:
congestive heart failure (p = 0.025, OR = 2.270, 95% CI 1.108–4.651) and septic shock
(p < 0.001, OR = 7.950, 95% CI 3.769–16.767). Survival of patients with heart failure for the
first 120 days shows a significant lower survival compared to patients without heart failure
(p = 0.02) as can be seen in the Figure 4.
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3.8. Etiologic Correlations with Different Parameters
3.8.1. Etiologic Correlations with Demographic Data

There were no significant differences between etiology groups regarding age or sex.
Charlson’s comorbidity index was greater in the Enterococcus group, where patients were
also older and although there was a significant correlation between Charlson’s index and
enterococcal infection (r = 0.235, p = 0.024) there was no statistically significant difference
between groups. A statistically significant difference was observed regarding antibiotic
therapy prior to admission between different etiologic groups, respectively in the negative
blood culture group significantly more patients took antibiotics before blood cultures were
drawn (Table 6).

Table 6. Etiologic correlations with demographic data.

Demographic
Data Age Sex (M)

Number (%)
Charlson

Index

Health Care
Associated IE
Number (%)

Antibiotherapy
Prior Blood

Culture
Number (%)

Admission to
Other

Departments
Number (%)

TOTAL (n = 92) 63.80 ± 13.45 49 (53.3) 3.53 + 2.02 30 (32.6) 25 (27.2) 22 (23.9)
Staphyloccocus

aureus (18) 61.16 + 14.15 10 (55.6) 3.66 + 1.71 8 (44.4) 2 (11.1) 7 (38.9)

CoNS (17) 61.11 + 16.26 12 (70.6) 3.35 + 2.66 6 (35.3) 3 (17.6) 3 (17.6)
Enterococcus

spp. (8) 70.87 + 8.23 3 (37.5) 5 + 1.41 5 (62.5) 1 (12.5) 2 (25)

Streptococcus
spp. (7) 60.14 + 13.69 6 (85.7) 2.57 + 1.39 2 (28.6) 2 (22.6) 2 (28.6)

Gram negative
bacilli (8) 64.62 + 14.22 1 (12.5) 3.62 + 1.99 3 (37.5) 1 (12.5) 0

Multiple
etiology (3) 67.66 + 7.76 1 (33.3) 3.33 + 2.51 0 0 0

Negative (31) 65.22 + 12.69 16 (51.6) 3.38 + 1.99 6 (19.4) 16 (51.6) 8 (25.8)

p 0.591 0.066 0.412 0.207 0.014 0.41

CoNS: Coagulase negative Staphylococcus.

3.8.2. Etiologic Correlation with Clinical Data

There was a significant direct bivariate correlation between Staphylococcus aureus
infection and fever (r = 0.294, p = 0.005) and an inverse correlation between negative
blood culture and fever (r = −0.465, p < 0.001). At intergroup comparison fever was
significantly more frequent in the Staphylococcus group. There were no other statistically
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significant differences regarding clinical symptoms and signs between groups. Prosthetic
valve endocarditis correlated with Staphylococcus etiology (r = 0.353, p < 0.001). There was a
statistically significant difference at intergroup comparison: patients with prosthetic valve
IE were significantly more in the Staphylococcus aureus group. (Table 7)

Table 7. Etiologic correlation with clinical data.

Clinical data Fever Dyspnea Murmur Anorexia Weight loss Pallor Prosthetic Valve

Number (%)

TOTAL (n =
92) 61 (66.3) 75 (81.5) 77 (83.7) 28 (30.4) 39 (42.4) 49 (53.3) 26 (28.3)

S. aureus (18) 17 (94.4) 16 (88.9) 14 (77.8) 6 (33.3) 10 (55.6) 10 (55.6) 10 (55.6)
CoNS (17) 14 (82.4) 13 (76.5) 14 (82.4) 6 (45.3) 8 (47.1) 9 (52.9) 7 (41.2)

Enterococcus
spp. (8) 7 (87.5) 7 (87.5) 8 (100) 2 (25) 2 (25) 4 (50) 1 (12.5)

Streptococcus
spp. (7) 4 (57.1) 5 (71.4) 6 (85.7) 3 (42.9) 4 (57.1) 5 (7.4) 0

GN bacilli (8) 6 (75) 8 (100) 7 (87.5) 2 (25) 2 (25) 3 (37.5) 0
Multiple

etiology (3) 2 (66.7) 1 (33.3) 3 (100) 2 (66.7) 3 (100) 2 (66.7) 1 (33.3)

Negative (31) 11 (35.5) 25 (80.6) 25 (80.6) 7 (22.6) 10 (32.3) 16 (51.6) 7(22.6)

p <0.01 0.241 0.830 0.727 0.153 0.923 0.014

3.8.3. Etiologic Correlation with Imagistic Data

Staphylococcus aureus IE was associated with the presence of large (more than 10 mm)
vegetations (r = 0.353, p = 0.001). There was a significant difference between etiologic
groups regarding the presence of large vegetations, more patients in the Staphylococcus
aureus group presenting with large vegetations. The presence of intracardiac abscess
has a bivariate correlation with Staphylococcus aureus infection (r = 0.478, p < 0.001) and
significantly more patients developed intracardiac abscess in the Staphylococcus aureus
group. Prosthetic valve dysfunction occurred at significant different levels in different
etiological groups, being more frequent in CoNS group (Table 8). There was a significant
bivariate correlation between coagulase negative Staphylococcus infection and prosthetic
valve dysfunction (r = 0.286, p = 0.006).

Table 8. Etiologic correlation with imagistic data.

Echocardiography Vegetation Large Vegetation Acute Valvular
Regurgitation

Intracardiac
Abscess

Prosthetic Valve
Dysfunction

Number (%)

TOTAL (n = 92) 82 (89.1) 39 (42.4) 26 (28.6) 14 (15.2) 7 (7.6)

Staphylococcus
aureus (18) 13 (72.2) 14 (77.8) 6 (35.3) 9 (50) 3 (16.7)

CoNS (17) 15 (88.2) 6 (35.3) 4 (23.5) 3 (17.6) 4 (23.5)
Enterococcus spp.

(8) 8 (100) 3 (37.5) 4 (50) 0 0

Streptococcus spp.
(7) 7 (100) 4 (57.1) 4 (57.1) 0 0

Gram negative
bacilli (8) 7 (87.5) 3 (37.5) 1 (12.5) 0 0

Multiple etiology
(3) 3 (100) 0 0 0 0

Negative (31) 29 (93.5) 9 (29) 7 (22.6) 2 (6.5) 0

p 0.232 0.018 0.249 <0.001 0.04
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4. Discussion

Half of patients in our study were older than 65 years. Older patients have an increased
incidence of bacterial endocarditis of about 9 time higher than lower groups of age [7,8].
Age distribution of patients with endocarditis has been changing lately. While in the past
IE affected young adults with predominantly rheumatic valvular disease, it has become
at present a disease that affects older patients often after therapeutic procedures. Patients
are older since the survival of patients with rheumatic and congenital heart disease has
improved and degenerative valvular disease is frequent in old people [8]. This finding is
in agreement with results observed in other studies. EURO-ENDO registry confirms the
increasing age of patients with IE and the progressively increasing age was observed also
in three surveys conducted in French regions in 1991, 1999 and 2008 [2,9,10].

The distribution of patients regarding to sex in our study is approximatively 1/1,
different from that described in several epidemiological studies where male sex appears to
be more frequently involved [8]. The male/female ratio can exceed 2:1 with a range of 1 to
3:1 in different studies. Although the incidence is increased in male, prognosis appear to
be worse in women [11,12].

Almost 84% of patients had associated comorbidities in our study, Charlson’s comor-
bidity index number was 3.53 ± 2.029. In general patients with IE are in present days older,
frailer and with several comorbidities. Health care associated IE is increasing and new
at-risk groups have appeared: patients with prosthetic valves and intracardiac devices [13].
Due to an increased number of invasive diagnostic and therapeutic procedures health care
associated IE has a reported incidence from 7% to 34% according to various authors [14–16].
Health care associated IE was present in one third of patients in our study similar with
reports from other authors. The epidemiological profile of IE has changed in the past
years and it is now health care-acquired in more than 25% of cases according to Cahill [17].
In EURO-ENDO registry health care associated IE was present in a similar proportion,
32.96% of patients, nosocomial in 60.8% of them and no nosocomial in 39.2% of them [9].
Nosocomial IE was present in 80% of patients with health care associated IE in our study.

The source of infection was vascular in the majority (66.66%) of patients with health
care associated IE similar results were found by by Lomas et al. where vascular source of
infection was present in 63% of health care associated IE [14]. IE is heterogenous in clinical
manifestation so almost 20% of patients were admitted initially to other departments. The
EURO endo registry observed similar results: 8.8% of patients were recruited from the
internal medicine ward and 9.3% from the infectious diseases ward [9]. A percentage of
76% of patients were admitted directly to cardiology in our study and approx. 68% of
patients in EURO ENDO registry were recruited from cardiology related departments [9].
A number of 5.43% patients were critically ill and were admitted to the intensive care unit
(ICU) significantly less than patients in EURO ENDO where 15% were admitted directly to
the ICU [9].

The incidence of prosthetic valve endocarditis is increasing and was found also with
increased frequency in 27.2% of cases in our study. EURO ENDO registry and Euro Heart
Survey reported a similar proportion of prosthetic valve endocarditis as in our study (30%
and respectively 26%) [9,18]. Older studies as the French registry in 2008 and the International
Collaboration on Endocarditis-Prospective Cohort (ICEP) Study in 2009 reported a lower
prevalence of prosthetic valve endocarditis of 25% and respectively 21% [10,19].

A very small number of patients with IE had devices in the present study. A VVI
pacemaker was present in two patients with endocarditis both with vegetations on cardiac
valves so device related endocarditis could not be confirmed. In EURO ENDO significantly
more patients were diagnosed with device related endocarditis (9.9%), compared to ICEP
study (7%) [9,19].

Aortic and mitral native valve were almost equally affected in our study. In 35.86%
of patients the mitral valve was involved and in 31.52% the aortic valve was involved.
Multiple valve involvement was present in in 4.4% of patients. The results are comparable
to those observed in EUROENDO registry [9]. In a study performed in another region of
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Romania IE was localized on native aortic valve in 50%, mitral native valve in 40% and on
prosthetic valve in 10% [20]. Mitral valve was significantly more frequently involved in
the study performed by Khan et al. at Karachi National Institute but in this study, patients
were significantly younger with increased frequency of rheumatic valve disease and mitral
valve is most commonly affected in rheumatic valve disease [13].

Most common clinical symptoms and signs were: shortness of breath, cardiac murmur
and fever. In EURO ENDO registry the most common clinical presentation consisted of
fever (77.7%) and cardiac murmur (64.5%) [9]. More patients presented with fever and
cardiac murmurs and less with dyspnea in the study performed by Khan et al. on 75
patients with IE, but patients in this study were significantly younger [13].

Cerebrovascular accident was the clinical presentation in 6.8% of patients in EURO
ENDO registry [9]. A lower percentage of patients 4.35% presented with stroke on admis-
sion and were managed initially in the neurology department in the present study.

Blood cultures were negative in one third of the patients. A higher proportion of
patients (79%) compared to our study had positive blood culture test in EURO ENDO
registry and in European heart survey (86%) [9,18]. As in our study, several Indian authors
reports low percentages for blood culture positivity ranging from 41% to 67% [21,22]. Ghosh
et al. reported 52% positive blood cultures relying on standard culture techniques [23]. The
results are consistent with those observed in other studies. The most frequent identified
microorganism was also Staphylococcus spp. in EURO ENDO registry (44.1%). Streptococcus
spp. and Enterococcus spp. were also less common identified, but with a higher frequency
than in our study 19% and respectively 15.8% [9].

Staphylococcus aureus was the predominant microorganism identified in our study. The
incidence of Staphylococcus aureus IE has increased and in the developed world has become
the most common causative germ [17,24]. Ghosh et al. in a study performed in 2014 in India
reported Staphylococcus spp. as the majority etiology although rheumatic heart disease was
the major cardiac substrate at risk in this study [23]. Several studies performed in India re-
vealed some temporal trends of IE etiology. While Garg et al. found a higher prevalence of
Streptococcus IE (23%), Math et al. found equal incidence of Staphylococcus and Streptococcus
etiology [21,22]. Other studies also revealed Staphylococcus aureus as the most frequent etio-
logic factor [25–27]. Staphylococcus aureus was found with increased frequency in patients
with prosthetic valve endocarditis in our study. This microorganism has a predilection to
adhere to prosthetic materials. Many other studies reported Staphylococcus aureus as the
leading etiology of prosthetic valve endocarditis [28,29]. Barraua et al. reported as the
commonest organism found in prosthetic valve endocarditis Streptococcus strains, especially
Streptococcus bovis, while Staphylococcus spp. were second in frequency [30].

CoNS have become commonly isolated pathogens causing more than 10% of all IE
cases [19,31,32]. CoNS account for approximately 25 to 48% of all cases of prosthetic valve
endocarditis in various studies [30,33–35]. An increased frequency of CoNS infection was
present in our study; it affects 26.92% of patients with prosthetic valve IE and is frequently
associated with prosthetic valve dysfunction.

Negative blood culture is now less prevalent since the advent of serological and
molecular diagnostic techniques which allow identification of a lot of fastidious microor-
ganisms [24]. Blood culture-negative endocarditis may account for 2.5% to 70% of all cases
of endocarditis, with geographical variation in incidence that may be explained by several
factors including: specific epidemiological factors, as is the case for fastidious zoonotic
agents; variations in use of antibiotics prior to blood drawing; differences in testing strate-
gies and involvement of unknown pathogens [36]. In the present study negative blood
culture test was significantly associated with antibiotic administration prior to admission.
Identification of pathogen is essential in the diagnosis and treatment of IE but failing in
identification of etiologic agent is related most frequently to previous antibiotic treatment.
Other studies revealed also the consequences of antibiotic treatment prior to blood drawn
for cultures. In the study performed by Lamas et al. from 63 cases of culture negative IE in
half of them previous antibiotic treatment was administered and among 73 cases without
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etiology 58 received antibiotic prior to treatment in the study performed by Houpikinian
et al. [37,38]. The rate of culture neg IE will decrease with systematic use of specific serology
in all cases and with increasing use of newer histological and molecular tests on blood and
tissue samples [36].

Echocardiography is the most used imaging method of diagnosis [39]. Transthoracic
echocardiography was performed in all patients and transesophageal echocardiography
was performed only in 35 patients (38%), 48.6% of them in patients with prosthetic valves.
Significantly more patient underwent transesophageal echocardiography in EURO-ENDO
registry (58.1%), predominantly in suspected prosthetic valve EI. Vegetations as major
criterion for diagnosis was identified in the majority of patients with large vegetations
and intracardiac abscess. In EURO ENDO registry vegetation were found in 72.7% of
patients and cardiac abscess was present in 17.8% of patients, similar percentages as
in our study [9]. Staphylococcus aureus etiology was found to be associated with large
vegetations and intracardiac abscess in our study. These results were also observed in other
investigations [40].

The most frequent complications observed in our study were: heart failure and
acute renal failure. Congestive heart failure was reported in one third of patients and
cardiogenic shock and/or acute pulmonary oedema was registered in another 19.6% of
patients. EURO ENDO registry observed a lower percentage of congestive heart failure
(14.1%) and of cardiogenic shock (6.7%). In our study the most important predictors of
congestive heart failure were Charlson’s index and Staphylococcus aureus etiology. Acute
renal failure was present in 29.3% of patients enrolled in the present study significantly
more than patients from EURO ENDO study (17.7%) [9]. In EURO ENDO registry the most
frequent complication were embolic events observed in up to 40% of patients. From them
44. 1% were with cerebral localization. A lower rate of embolic events was observed in
our study 2.7%, similar with percentage reported in ICE (International Collaboration on
Endocarditis) cohort 23% and 18% in Euro Heart Survey [18,19]. Septic shock occurred in
14.1% of patients, higher percentage than that observed in EURO ENDO 9.5% [9]. Gram
negative bacilli etiology IE correlated with septic shock in our patients and this result was
also observed in the study performed by Veve et al. where 44% of patients with this etiology
were in septic shock [41]. AV (Atrio-ventricular) block was observed in 4.5% in EURO
ENDO and a similar value was reported in the present study 6.5% and it was correlated
with CoNS IE etiology.

Despite advances in diagnosis and treatment, incidence and mortality of the disease
did not decrease, and mortality had reached 20% in the last 30 years [8]. A high percentage
of death was observed in our study in 33.7% of patients. Some authors also report high
rates of mortality between 15 to 30% [1]. Death occurred only in 17% of patients in
EUROENDO registry [9]. In ICE cohort mortality was 18% [20] and in Euro heart survey
was 12.7% [19] significantly less than that observed in our study. However, the number
of patients was lower in our study and only patients with definite diagnosis of IE were
included. Independent predictors of mortality in EURO ENDO were heart failure, cerebral
complications, abscess, large vegetations, Charlson’s index and failure to undertake surgery
despite guidelines recommendation [9]. In the present study congestive heart failure and
cardiogenic shock showed independent prediction of death.

Staphylococcus aureus infection was correlated with death in univariate cox regression
analysis in our study and also in EURO ENDO registry [9]. Staphylococcus aureus patients
have more severe IE compared to non-Staphylococcus aureus patients, with higher rates of
preoperative vascular complications, septic shock, embolic events, stroke, and annular
abscess [42]. Staphylococcus aureus IE is associated with more severe prognosis than other
pathogens (excluding fungal pathogens), with a high in-hospital mortality of 30% to 46%,
according to various authors [10,42,43].

Surgery was recommended in 67.4% of patients but was performed only in 36.95%
of them. Following ESC guidelines surgery was recommended in a similar percentage
69.3% of patients in EURO ENDO registry but was performed in significantly more patients
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51.2% than in our study [8]. Cardiovascular surgery was performed on an emergency basis
due to hemodynamics instability in 8 patients in general patients with severe heart failure
due to acute valvular regurgitation (8.7%) and was elective in 24 patients (26%). The rest
of the 30 patients did not undergo surgical intervention due to various reasons: patient
refusal, surgeon deny, poor clinical condition or were lost from observation. Patients
with severe medical condition with stroke or septic shock were less surgically managed.
Elective surgery was more frequently performed in patients with large vegetations and
with Staphylococcus aureus etiology. In EURO ENDO registry in general factors associated
with cardiac surgery were congestive heart failure, vegetation length, abscess and cerebral
complications [9].

5. Conclusions

Endocarditis affected predominantly older age. Prosthetic valve endocarditis and health
care associated endocarditis are increasing. We observed an increased frequency of staphylo-
coccal IE, caused by both Staphylococcus aureus and CoNS and a low incidence of streptococcal
and enterococcal etiology. Negative blood culture is still frequently encountered.

Staphylococcus aureus is more frequent in prosthetic valves IE and is associated with
large vegetations and intracardiac abscess. Staphylococcus aureus infection is severe with
complications as congestive heart failure and embolic events. Moreover, death appears
correlated with Staphylococcus aureus etiology. Prosthetic valve dysfunction is frequently
associated with CoNS etiology. Streptococcus gallolyticus although rarely encountered was
complicated often with large vegetations and stroke. Enterococcus infection appeared
more frequently in patients with high comorbidity index. An increased incidence of
gram-negative bacillus IE was found with severe clinical evolution complicated often with
septic shock.

Author Contributions: Conceptualization, E.E.B. and A.A.Z.; methodology, D.C.Z. and V.V.B.; soft-
ware: E.E.B. and C.I.; validation, V.V.B.; formal analyses, C.D.P. and D.A.L.; investigation, A.D.J.
and C.M.V.; resources, C.I. and D.C.Z.; data curation, D.A.L. and C.D.P.; writing—original draft
preparation, E.E.B. and A.A.Z.; writing—review and editing: E.E.B. and D.C.Z. 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 study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Ethics Committee of Clinical County Emergency
Hospital Oradea, Bihor County (decision no 911/14.01.2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

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

References
1. Tackling, G.; Lala, V. Endocarditis Antibiotic Regimens. Stat Pearls Publishing; 2020. Available online: https://www.ncbi.nlm.

nih.gov/books/NBK542 (accessed on 12 June 2020).
2. Selton-Suty, C.; Célard, M.; Le Moing, V.; Doco-Lecompte, T.; Chirouze, C.; Iung, B.; Strady, C.; Revest, M.; Vandenesch, F.;

Bouvet, A.; et al. Pre-eminence of Staphylococcus aureus in infective endocarditis: A 1-year population-based survey. Clin. Infect.
Dis. 2012, 54, 1230–1239. [CrossRef]

3. Slipczuk, L.; Codolosa, J.N.; Davila, C.D.; Corral, A.R.; Yun, J.; Pressman, G.S.; Figueredo, V.M. Infective endocarditis epidemiol-
ogy over five decades: A systematic review. PLoS ONE 2013, 8, e82665. [CrossRef]

4. Ronen Ben-Ami, R.; Giladi, M.; Carmeli, Y.; Orni-Wasserlauf, R.; Siegman-Igra, Y. Hospital-Acquired Infective Endocarditis:
Should the Definition be Broadened? Clin. Infect. Dis. 2004, 38, 843–850. [CrossRef]

5. Habib, G.; Lancellotti, P.; Antunes, M.J.; Bongiorni, M.G.; Casalta, J.P.; Del Zotti, F.; Dulgheru, R.; El Khoury, G.; Erba, P.A.;
Iung, B.; et al. 2015 ESC Guidelines for the management of infective endocarditis. Eur. Heart J. 2015, 36, 3075–3128. [CrossRef]
[PubMed]

6. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic. Dis. 1987, 40, 373–383. [CrossRef]

7. D’Agostino, D. Infective endocarditis today. F 1000 Res. 2017, 6, 2188. [CrossRef]

https://www.ncbi.nlm.nih.gov/books/NBK542
https://www.ncbi.nlm.nih.gov/books/NBK542
http://doi.org/10.1093/cid/cis199
http://doi.org/10.1371/journal.pone.0082665
http://doi.org/10.1086/381971
http://doi.org/10.1093/eurheartj/ehv319
http://www.ncbi.nlm.nih.gov/pubmed/26320109
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.12688/f1000research.13512.1


Medicina 2021, 57, 158 15 of 16

8. D’Agostino, D.; Bottalico, L.; Santacroce, L. Infective endocarditis: What is changed in epidemiology and prophylaxis. Acta Med.
Mediterr. 2012, 28, 311–319.

9. Habib, G.; Erba, P.A.; Iung, B.; Donal, E.; Cosyns, B.; Laroche, C.; Popescu, B.A.; Prendergast, B.; Tornos, P.; Sadeghpour, A.; et al.
EURO-ENDO Investigators. Clinical presentation, aetiology and outcome of infective endocarditis. Results of the ESC-EORP
EURO-ENDO (European infective endocarditis) registry: A prospective cohort study. Eur. Heart J. 2019, 40, 3222–3232. [CrossRef]
[PubMed]

10. Hoen, B.; Alla, F.; Selton, S.C.; Béguinot, I.; Bouvet, A.; Briançon, S.; Casalta, J.P.; Danchin, N.; Delahaye, F.; Etienne, J.; et al.
Association pour l’Etude et la Prévention de l’Endocardite Infectieuse (AEPEI) Study Group. Changing profile of infective
endocarditis: Results of a 1-year survey in France. JAMA 2002, 288, 75–81. [PubMed]

11. Aksoy, O.; Meyer, L.T.; Cabell, C.H.; Kourany, W.M.; Pappas, P.A.; Sexton, D.J. Gender differences in infective endocarditis: Pre-
and co-morbid conditions lead to different management and outcomes in female patients. Scand. J. Infect. Dis. 2007, 39, 101–107.
[CrossRef]

12. Baluta, M.M.; Benea, E.O.; Stanescu, C.M.; Vintila, M.M. Endocarditis in the 21(st) Century. Maedica 2011, 6, 290–297.
13. Khan, N.U.; Farman, M.T.; Sial, J.A.; Achakzai, A.S.; Saghir, T.; Ishaq, M. Changing trends of infective endocarditis. J. Pak. Med.

Assoc. 2010, 60, 24–27.
14. Lomas, J.M.; Martínez-Marcos, F.J.; Plata, A.; Ivanova, R.; Gálvez, J.; Ruiz, J.; Reguera, J.M.; Noureddine, M.; de la Torre, J.; de

Alarcón, A. Healthcare-associated infective endocarditis: An undesirable effect of healthcare universalization. Clin. Microbiol.
Infect. 2010, 16, 1683–1690. [CrossRef] [PubMed]

15. Fernández-Hidalgo, N.; Almirante, B.; Tornos, P.; Pigrau, C.; Sambola, A.; Igual, A.; Pahissa, A. Contemporary epidemiology and
prognosis of health care-associated infective endocarditis. Clin. Infect. Dis. 2008, 15, 1287–1297. [CrossRef]

16. Benito, N.; Miró, J.M.; de Lazzari, E.; Cabell, C.H.; del Río, A.; Altclas, J.; Commerford, P.; Delahaye, F.; Dragulescu, S.;
Giamarellou, H.; et al. Health care-associated native valve endocarditis: Importance of non-nosocomial acquisition. Ann. Intern.
Med. 2009, 150, 586–594. [CrossRef] [PubMed]

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

18. Tornos, P.; Iung, B.; Permanyer-Miralda, G.; Baron, G.; Delahaye, F.; Gohlke-Bärwolf, C.; Butchart, E.G.; Ravaud, P.; Vahanian, A.
Infective endocarditis in Europe: Lessons from the Euro heart survey. Heart 2005, 91, 571–575. [CrossRef] [PubMed]

19. 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, aetiology, 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]

20. Tilea, I.; Tilea, B.; Suciu, H.; Tatar, C.M. Particularities of infective endocarditis. A retrospective study. Rev. Rom. Med. Lab. 2009,
16, 41–47.

21. Garg, N.; Kandpal, B.; Tewari, S.; Kapoor, A.; Goel, P.; Sinha, N. Characteristics of infective endocarditis in a developing
country-clinical profile and outcome in 192 Indian patients, 1992–2001. Int. J. Cardiol. 2005, 98, 253–260. [CrossRef]

22. Math, R.S.; Sharma, G.; Kothari, S.S.; Kalaivani, M.; Saxena, A.; Kumar, A.S.; Bahl, V.K. Prospective study of infective endocarditis
from a developing country. Am. Heart J. 2011, 162, 633–638. [CrossRef]

23. Ghosh, S.; Sahoo, R.; Nath, R.K.; Duggal, N.; Gadpayle, A.K. A Study of Clinical, Microbiological, and Echocardiographic Profile
of Patients of Infective Endocarditis. Int. Sch. Res. Not. 2014, 1–9. [CrossRef] [PubMed]

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

25. Bor, D.H.; Woolhandler, S.; Nardin, R.; Brusch, J.; Himmelstein, D.U. Infective endocarditis in the U.S., 1998–2009: A nationwide
study. PLoS ONE 2013, 8. [CrossRef] [PubMed]

26. Rostagno, C.; Rosso, G.; Puggelli, F.; Gelsomino, S.; Braconi, L.; Montesi, G.F.; Romagnoli, S.; Stefano, P.L.; Gensini, G.F. Active
infective endocarditis: Clinical characteristics and factors related to hospital mortality. Cardiol. J. 2010, 17, 566–573.

27. Castillo, J.C.; Anguita, M.P.; Ruiz, M.; Peña, L.; Santisteban, M.; Puentes, M.; Arizón, J.M.; De Lezo, J.L. Changing epidemiology
of native valve infective endocarditis. Rev. Esp. Cardiol. 2011, 64, 594–598. [CrossRef] [PubMed]

28. Truninger, K.; Attenhofer Jost, C.H.; Seifert, B.; Vogt, P.R.; Follath, F.; Schaffner, A.; Jenni, R. Long term follow up of prosthetic
valve endocarditis: What characteristics identify patients who were treated successfully with antibiotics alone? Heart 1999,
82, 714–720. [CrossRef]

29. Chambers, H.F.; Korzeniowski, O.M.; Sande, M.A. Staphylococcus aureus endocarditis: Clinical manifestations in addicts and
nonaddicts. Medicine 1983, 62, 170–177. [CrossRef] [PubMed]

30. Barrau, K.; Boulamery, A.; Imbert, G.; Casalta, J.P.; Habib, G.; Messana, T.; Bonnet, J.L.; Rubinstein, E.; Raoult, D. Causative
organisms of infective endocarditis according to host status. Clin. Microbiol. Infect. 2004, 10, 302–308. [CrossRef]

31. De la Mària, C.G.; Cervera, C.; Pericàs, J.M.; Castañeda, X.; Armero, Y.; Soy, D.; Almela, M.; Ninot, S.; Falces, C.; Mestres, C.A.;
et al. Epidemiology and prognosis of coagulase-negative staphylococcal endocarditis: Impact of vancomycin minimum inhibitory
concentration. PLoS ONE 2015, 10, e0125818. [CrossRef]

http://doi.org/10.1093/eurheartj/ehz620
http://www.ncbi.nlm.nih.gov/pubmed/31504413
http://www.ncbi.nlm.nih.gov/pubmed/12090865
http://doi.org/10.1080/00365540600993285
http://doi.org/10.1111/j.1469-0691.2010.03043.x
http://www.ncbi.nlm.nih.gov/pubmed/19732086
http://doi.org/10.1086/592576
http://doi.org/10.7326/0003-4819-150-9-200905050-00004
http://www.ncbi.nlm.nih.gov/pubmed/19414837
http://doi.org/10.1016/j.jacc.2016.10.066
http://www.ncbi.nlm.nih.gov/pubmed/28104075
http://doi.org/10.1136/hrt.2003.032128
http://www.ncbi.nlm.nih.gov/pubmed/15831635
http://doi.org/10.1001/archinternmed.2008.603
http://doi.org/10.1016/j.ijcard.2003.10.043
http://doi.org/10.1016/j.ahj.2011.07.014
http://doi.org/10.1155/2014/340601
http://www.ncbi.nlm.nih.gov/pubmed/27355045
http://doi.org/10.1161/CIR.0000000000000296
http://www.ncbi.nlm.nih.gov/pubmed/26373316
http://doi.org/10.1371/journal.pone.0060033
http://www.ncbi.nlm.nih.gov/pubmed/23527296
http://doi.org/10.1016/j.recesp.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21641100
http://doi.org/10.1136/hrt.82.6.714
http://doi.org/10.1097/00005792-198305000-00004
http://www.ncbi.nlm.nih.gov/pubmed/6843356
http://doi.org/10.1111/j.1198-743X.2004.00776.x
http://doi.org/10.1371/journal.pone.0125818


Medicina 2021, 57, 158 16 of 16

32. Wisplinghoff, H.; Bischoff, T.; Tallent, S.M.; Seifert, H.; Wenzel, R.P.; Edmond, M.B. Nosocomial bloodstream infections in
US hospitals: Analysis of 24,179 cases from a prospective nationwide surveillance study. Clin. Infect. Dis. 2004, 39, 309–317.
[CrossRef]

33. Lalani, T.; Kanafani, Z.A.; Chu, V.H.; Moore, L.; Corey, G.R.; Pappas, P.; Woods, C.W.; Cabell, C.H.; Hoen, B.; Selton-Suty,
C.; et al. International Collaboration on Endocarditis Merged Database Study Group. Prosthetic valve endocarditis due to
coagulase-negative staphylococci: Findings from the International Collaboration on Endocarditis Merged Database. Eur. J. Clin.
Microbiol. Infect. Dis. 2006, 25, 365–368. [CrossRef] [PubMed]

34. Gandelman, G.; Frishman, W.H.; Wiese, C.; Green-Gastwirth, V.; Hong, S.; Aronow, W.S.; Horowitz, H.W. Intravascular device
infections: Epidemiology, diagnosis, and management. Cardiol. Rev. 2007, 15, 13–23. [CrossRef] [PubMed]

35. Chu, V.H.; Miro, J.M.; Hoen, B.; Cabell, C.H.; Pappas, P.A.; Jones, P.; Stryjewski, M.E.; Anguera, I.; Braun, S.; Muñoz, P.;
et al. Coagulase-negative staphylococcal prosthetic valve endocarditis—a contemporary update based on the International
Collaboration on Endocarditis: Prospective cohort study. Heart 2009, 95, 570–576. [CrossRef] [PubMed]

36. Fournier, P.E.; Gouriet, F.; Casalta, J.P.; Lepidi, H.; Chaudet, H.; Thuny, F.; Collart, F.; Habib, G.; Raoult, D. Blood culture-negative
endocarditis. Improving the diagnostic yield using new diagnostic tools. Medicine 2017, 96, e8392. [CrossRef]

37. Lamas, C.C.; Eykyn, S.J. Blood culture negative endocarditis: Analysis of 63 cases presenting over 25 years. Heart 2003,
89, 89258–89262. [CrossRef]

38. Houpikian, P.; Raoult, D. Blood culture-negative endocarditis in a reference center: Etiologic diagnosis of 348 cases. Medicine
2005, 84, 162–173. [CrossRef]

39. Ionac, A.; Mornos, C.; Dragulescu, D.; Pescariu, S.; Popescu, I.; Cocora, M.; Gaspar, M.; Apati, N.; Joldea, D.; Dragulescu, S.I. Three-
dimensional transthoracic and transesophageal echocardiography in the evaluation of mitral and aortic valve postendocarditic
lesions. Ultraschall in der Medizin 2008, 29, OP_4_5. [CrossRef]

40. Trifunovic, D.; Vujisic-Tesic, B.; Obrenovic-Kircanski, B.; Ivanovic, B.; Kalimanovska-Ostric, D.; Petrovic, M.; Boricic-Kostic, M.;
Matic, S.; Stevanovic, G.; Marinkovic, J.; et al. The relationship between causative microorganisms and cardiac lesions caused by
infective endocarditis: New perspectives from the contemporary cohort of patients. J. Cardiol. 2018, 71, 291–298. [CrossRef]

41. Veve, M.P.; McCurry, E.D.; Cooksey, G.E.; Shorman, M.A. Epidemiology and outcomes of non-HACEK infective endocarditis in
the southeast United States. PLoS ONE 2020, 15, e0230199. [CrossRef]

42. Han, S.M.; Sorabella, R.A.; Vasan, S.; Grbic, M.; Lambert, D.; Prasad, R.; Wang, C.; Kurlansky, P.; Borger, M.A.; Gordon, R.; et al.
Influence of Staphylococcus aureus on Outcomes after Valvular Surgery for Infective Endocarditis. J. Cardiothorac. Surg. 2017, 12, 57.
[CrossRef] [PubMed]

43. Mourvillier, B.; Trouillet, J.L.; Timsit, J.F.; Baudot, J.; Chastre, J.; Régnier, B.; Gibert, C.; Wolff, M. Infective endocarditis in the
intensive care unit: Clinical spectrum and prognostic factors in 228 consecutive patients. Intensiv. Care Med. 2004, 30, 2046–2052.
[CrossRef] [PubMed]

http://doi.org/10.1086/421946
http://doi.org/10.1007/s10096-006-0141-z
http://www.ncbi.nlm.nih.gov/pubmed/16767483
http://doi.org/10.1097/01.crd.0000197966.53529.67
http://www.ncbi.nlm.nih.gov/pubmed/17172879
http://doi.org/10.1136/hrt.2008.152975
http://www.ncbi.nlm.nih.gov/pubmed/18952633
http://doi.org/10.1097/MD.0000000000008392
http://doi.org/10.1136/heart.89.3.258
http://doi.org/10.1097/01.md.0000165658.82869.17
http://doi.org/10.1055/s-2008-1079848
http://doi.org/10.1016/j.jjcc.2017.08.010
http://doi.org/10.1371/journal.pone.0230199
http://doi.org/10.1186/s13019-017-0623-3
http://www.ncbi.nlm.nih.gov/pubmed/28728556
http://doi.org/10.1007/s00134-004-2436-9
http://www.ncbi.nlm.nih.gov/pubmed/15372147

	Introduction 
	Materials and Methods 
	Results 
	Patient Demographic Data and Characteristics 
	Clinical Characteristics 
	Biological Features 
	Health Care Associated Endocarditis 
	Imaging Evaluation 
	Complications 
	Mortality 
	Etiologic Correlations with Different Parameters 
	Etiologic Correlations with Demographic Data 
	Etiologic Correlation with Clinical Data 
	Etiologic Correlation with Imagistic Data 


	Discussion 
	Conclusions 
	References

