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Abstract: Background: Infective endocarditis (IE) remains a difficult disease to diagnose and treat,
with a persistently high mortality rate. There is a lack of recent data on IE in Bulgaria over the
last decades. Methods: This study is retrospective, single-centered, and includes 270 patients
diagnosed with IE for the period 2005-2021. We compared two periods, 2005-2015 (n = 119) and
2016-2021 (n = 151), to find the characteristics changes. Results: The study included 177 (65.5%)
male patients. In the second period, there is a significant increase in age from 62 (44-73) to 67 (53-75),
(p = 0.023); in the Charlson comorbidities index (CCI) from 3 (1-4) to 4 (2-6), (p = 0.000); in cases with
chronic kidney diseases (CKDs) from 15 (12.6%) to 55 (36.9%), (p = 0.001); coronary arterial diseases
(CADs) from 20 (16.85%) to 44 (29.1%), (p = 0.018); and atrial fibrillation (AF) from 13 (10.9%) to
36 (23.8%), (p = 0.006). Ejection fraction decreased significantly in the second period from 63 (56-70)
to 59 (51-66), (p = 0.000). Almost half of the patients 123 (45.6%) had no known predisposing
cardiac condition, and 125 (46.3%) had an unknown port of entry. IE was community-acquired
in 174 (64.4%), healthcare-associated in 72 (26.7%), and injection-drug-use-related IE in 24 (8.9%).
The study population included 183 (67.8%) native valve IE, 85 (31.5%) prosthetic IE, and 2 (0.74%)
intracardiac-device-related IE. The hemocultures were positive in 159 (59.6%), and the most frequent
pathogenic agent was staphylococci—89 (33.3%) (Staphylococcus aureus—44 (16.5%) and coagulase
negative staphylococci—45 (16.8%)). Only 54 (20%) of patients underwent early surgery. The all-cause
30-day mortality rate was 67 (24.8%). There is no significant difference between the two periods in
terms of the characteristics listed above. Conclusions: The profile of IE in Bulgaria has changed with
increasing age and comorbidity, changing predisposing cardiac conditions, and entry door. The most
common pathogen was the Staphylococcus spp. The 30-day mortality rate remains high.

Keywords: infective endocarditis; predisposing heart condition; entry door; comorbidities; complications

1. Introduction

Infective endocarditis (IE) was first described more than 4 centuries ago, but it remains
a major challenge for physicians. Sir William Osler called it “malignant endocarditis” in a
lecture to the Royal College of Physicians in London in 1885 [1,2]. Even then, he noted that
few diseases present so many difficulties in diagnosis as malignant endocarditis, and that
some of these difficulties are practically insurmountable.

IE is a changing disease in which, despite modern imaging and microbiological
techniques, there are often serious difficulties and delays in diagnosis [3]. Improvements in
medical and surgical treatment in recent decades have not altered the mortality and serious
complication rates. The mortality remains high, up to 30% [4,5]. The challenges associated
with infective endocarditis are greater than ever due to the changing profile of the disease,
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both on the patient side and on the microbiological pathogen side. Characteristics of IE
change over time and depend on the geographical and socioeconomic level of the country.
In recent decades there has been an increase in the patients’ age, comorbidity, staphylococcal
etiology, and healthcare-related IE. There is a shift in predisposing factors with an increase in
cases of degenerative valve disease, prosthetic valves, indwelling catheters and implanted
cardiac devices, and intravenous drug users, while cases of theumatic heart disease are
becoming less common in developed countries [4-6].

Knowing the current profile of patients with IE helps to ensure timely and accurate
diagnosis, which is key to initiating appropriate treatment. This is associated with a
reduction in in-hospital mortality and an improvement in the long-term prognosis of
patients [7-9].

There are no data for Bulgaria for the last few decades. Up-to-date IE data for Europe
are available from EURO-ENDO, but Bulgaria is not included in this register. We aim to
describe the characteristics of IE and its changes over the 17 years period.

2. Material and Method

This study is retrospective, single-centered, including 270 patients with a diagnosis of
IE, according to the modified Duke criteria, treated at the University Hospital “St. Georgi”,
in the city of Plovdiv for the January 2005-December 2021 period. We compared two
periods, 2005-2015 (n = 119) and 2016-2021 (n = 151), to find the characteristics changes.
The hospital capacity is 1500 beds, and the cardiology clinic is a reference center for the
treatment of IE for a large part of southern Bulgaria. The medical records of treated patients
with codes 133, 138, and 139 for the described period were used. Variables studied included
demographics, risk group, presence of predisposing heart disease, comorbidities, Charlson
comorbidity index (CCI) [10], entry gate, predictors for transient bacteremia, clinical,
echocardiographic findings, causative organisms, complications, and clinical outcome.

3. Definition and Classification of IE

The diagnosis was defined as definite IE or possible IE according to the modified
Duke criteria [11]. Surgical treatment of IE was defined as early when the surgery was
performed during antibiotic treatment. Valvular involvement of IE is determined based
on findings from echocardiography, other imaging studies, cardiac surgery, or in some
cases by clinical presentation. Episodes of IE were categorized by mode of acquisition as:
community-acquired IE (CAIE), healthcare-associated IE (HAIE), and intravenous-drug-
use-associated IE (IDUIE). These categories are mutually exclusive. IE was defined as HAIE
according to the following criteria: (1) occurrence of IE > 48 h after hospital admission or
within 6 months after hospital discharge for > 2 days; (2) IE developed within 6 months
after a significant invasive procedure performed during hospitalization or in an outpatient
setting; (3) extensive outpatient healthcare contacts, defined as receiving wound care or
intravenous treatment within 1 month before the onset of IE; or (4) stay in a clinic-home
to receive similar care [12-15]. IE occurring on a prosthetic valve within 12 months of
surgery is defined as prosthetic valve early endocarditis (PVIE) and is classified as HAIE.
Patients with a recent (within 1 month) or longer history of intravenous drug use were
classified as IDUIE. Patients with no medical history and no history of injecting drug use
were classified as CAIE. IE following dental treatment is considered to be CAIE if there
is no other healthcare contact. The presence of septic emboli and an extracardiac focus of
infection was defined as a focus of infection detected by imaging or based on typical clinical
presentation. Complications were diagnosed according to the established diagnostic criteria
and recommendations.

4. Statistical Methods

Quantitative data are presented as arithmetic mean =+ standard deviation (mean + SD)
or median and interquartile range (25-75 percentiles) according to the type of distribution of
the variables (Kolmogorov-Smirnov test). Categorical variables were summarized using ab-
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solute (n) and relative (%) magnitudes. A Mann-Whitney test for independent samples was
used to compare quantitative variables between two groups. A z-test was used to compare
the relative shares of categorical variables between the studied groups. A p-value < 0.05
(two-tailed test) was considered statistically significant for all tests. A statistical analysis
was performed using SPSS, version 26.0 (IBM Corp., Binghamton, NY, USA).

5. Results

Of all 270 patients, 205 (75.9%) had definite IE, with 133 (65%) of them having two
major criteria and 72 (35%) having one major and three minor criteria. There were 65 (24.1%)
diagnosed with possible IE, 62 (95%) of them with one major and one minor criterion and
three with three minor criteria. The patients’ baseline characteristics are shown in Table 1.
The median age was 65 (51-74), and the patients were significantly older in the second time
period (67 (53-75) vs. 62 (44-73), p = 0.023). We found an increasing number of cases per
year in the second period. The median time from symptom onset to hospitalization was
30 (20-60) days, with no difference between the two periods. Almost half of the patients,
136 (50.4%), are at low risk; 90 (33%) are at high risk and should receive IE prophylaxis.
Native valve IE was prevalent, 180 (66.7%); prosthetic IE was 88 (32.6%); and CDRIE was
2 (0.74%). The entry door was unknown in almost half of the cases, 122 (46.3%), and the
most common gateway was non-dental manipulation/procedures, 44 (16.3%), including
cardiovascular interventions, skin procedures and wound management, transfusion, bone
marrow puncture, and endoscopic procedures. The next in terms of frequency are dental
procedures, 30 (11.1%); intravenous drug users, 24 (8.9%); and hemodialysis, 13 (4.8%). We
found an increase in cases with non-dental manipulations/procedures and hemodialysis in
the second period, without significant differences. The most common cardiac predisposition
was prosthetic heart valves 76 (28.2%) and almost half of the patients 123 (45.6%) had no
known cardiac disease. According to the mode of acquisition, we found community-
acquired IE in 174 (64.4%), healthcare-related IE in 72 (26.7%), and intravenous-drug-use-
related IE in 24 (8.9%), with no significant difference between the two periods.

Table 1. Baseline characteristics.

Variables 2005-2021 2005-2015 20162021 p Value
GO0 n =270 Gln=19 G2n=151

Ageinyrs., X & SD 60.86 + 16.83 58.13 £17.71 63.01 £ 15.84 0.023 4
Median, (IQR) 65 (51-74) 62.0 (44-73) 67 (53-75) ’
Gender, male, n (%) 177 (65.6) 79 (66.4) 98 (64.9) 0.7968 *
Time symptoms-hospita-lization,
Median, (IOR) 30 (20-60) 30 (14-60) 30 (20-60) 0.932 t
Previous AB treatment 142 (52.6) 59 (49.6) 82 (54.3) 0.443 *
Risk groups, n (%)

Low 136 (50.4) 55 (46.2) 81 (53.6) 0.227 *

Moderate 44 (16.3) 24 (20.2) 20 (13.2) 0.122*

High 90 (33.3) 40 (33.6) 50 (33.1) 0.931 *
Type of valves, n (%)

Native IE 180 (66.7) 77 (64.7) 103 (68.2) 0.629 *
Prosthetic IE 88 (32.6) 41 (34.4) 47 (31.1) 0.567 *
Late prosthetic 9(3.3) 6 (5.0) 3(2.0) 0.172*
Early prosthetic 79 (29.3) 35(29.4) 44 (29.1) 0.957 *
CDRIE 2(0.7) 1(0.8) 1(0.7) 0.061 *
Entry door, n (%)

Unknown 125 (46.3) 57 (47.9) 68 (45) 0.635 *
Non-dental .
manipulation/Procedures 44 (16.3) 15 (12.6) 29 (19.2) 0.145
Dental Procedures 30 (11.1) 14 (11.8) 16 (10.6) 0.756 *
Lv. drug users 24 (8.9) 13 (10.9) 11 (7.3) 0.302 *
Hemodialysis 13 (4.8) 3(2.5) 10 (6.6) 0.117 *
Skin 10 (3.7) 2(1.7) 8(5.3) 0.120 *
Urogenital 9(3.3) 3(2.5) 6 (4.0) 0.496 *
Gastrointestinal 5(1.9) 5(4.2) 0(0) 0.011*
Respirators 5(1.9) 5(4.2) 0(0) 0.011*

Ear Nose Throat 4(1.5) 2(1.7) 2 (1.3) 0.787 *
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Table 1. Cont.

Variables 2005-2021 2005-2015 2016-2021 p Value
GO0 n =270 Gln=19 G2n=151
Others 1(0.4) (0) 1(0.7) 0.361 *
Predisposing heart conditions, n (%)
Prosthetic valve 76 (28.2) 33 (27.7) 43 (28.5) 0.899 *
Past IE 20 (7.4) 10 (8.4) 10 (6.6) 0.575*
Past IE prosthetic 14 (5.2) 7 (5.9) 7(4.6) 0.632 *
Past IE native valves 6(2.2) 3(25) 3(2.0) 0.782 *
Rheumatic heart disease 11 (4.0) 7 (5.9) 4(2.6) 0.172*
Congenital heart disease 21(7.8) 10 (8.4) 11 (7.3) 0.738 *
Bicuspid Ao valve 11 (4.1) 5(4.2) 6 (4.0) 0.934 *
Mitral valve prolapse 8 (3.0) 4(34) 4(2.6) 0.734*
Other 2(0.7) 1(0.8) 1(0.7) 0.924 *
Degenerative valve 19 (7.0) 8(6.7) 11 (7.3) 0.848 *
Without 123 (45.6) 51 (42.9) 72 (47.7) 0.432 *
Type of acquisition
Community-acquired IE 174 (64.4) 76 (63.8) 98 (64.9) 0.747 *
Health-care-associated IE 72 (26.7) 29 (24.4) 43 (28.5) 0.350 *
Intravenous-drug-use-related IE 24 (8.9) 14 (11.8) 10 (6.6) 0.091*

* z-test; + Mann-Whitney U Test; AB—antibiotic; CDRIE—cardiac device related IE.

We found a wide range of comorbidities and a significant increase in CCl in the second
period from 3 (1, 4) to 4 (2, 6), p = 0.000 (Table 2). The most common comorbidities were
arterial hypertension, 171 (63.3%); chronic heart failure, 124 (45.9%); previous cardiac
surgery, 95 (35.2%); chronic kidney disease (CKD), 70 (25.9%); coronary artery disease
(CAD), 64 (23.7%); diabetes, 51 (18.9%); and atrial fibrillation (AF), 49 (18.1%). We reported
significant increases in the second period for CKD from 15 (12.6%) to 55 (36.9%), p = 0.001;
CAD from 20 (16.8%) to 44 (29.1%), p = 0.018; and AF from 13 (10.9%) to 36 (23.8%), p = 0.006
(Table 2).

Table 2. Comorbidities, clinical symptoms, and complications.

Variables 2005-2021 2005-2015 2016-2021 p Value
GO0 n =270 Gln=119 G2n=151
Comorbidity
CCI, Median, (IQR) 3(2-5) 3(1-4) 4(2=6) 0.000 t
AH 171 (63.3) 69 (58.0) 102 (67.5) 0.108 *
CHF 124 (45.9) 61 (51.3) 63 (41.7) 0.279 *
Heart surgery 95 (35.2) 43 (36.1) 52 (34.4) 0.772*
CKD 70 (25.9) 15 (12.6) 55 (36.9) 0.001 *
CAD 64 (23.7) 20 (16.8) 44 (29.1) 0.018 *
Diabetes 51 (18.9) 19 (16.0) 32(21.2) 0.279*
Atrial fibrillation 49 (18.1) 13 (10.9) 36 (23.8) 0.006 *
Past stroke 40 (14.8) 16 (13.4) 24 (15.9) 0.566 *
Gastrointestinal 32 (11.1) 13 (10.9) 19 (12.6) 0.668 *
Malignancy 30 (11.1) 11 (9.2) 19 (12.6) 0.377 *
COPD 21 (7.8) 6 (15.0) 15 (10.0) 0.213 *
Hemodialysis 14 (5.2) 3(2.5) 11 (7.3) 0.077 *
Chronic liver disease 13 (4.8) 7 (5.9) 6 (4.0) 0.470 *
Systemic disease 4(1.5) 1(0.8) 3(2.0) 0.416*
Clinical symptoms
Fever 263 (97.4) 115 (96.6) 148 (98) 0.474*
Anemia 248 (92.5) 104 (88.9) 144 (95.4) 0.044 *
Cardiac murmur 178 (66.2) 77 (64.7) 101 (67.3) 0.654 *
Splenomegaly 49 (18.1) 25 (21.0) 24 (15.9) 0.280 *
Skin disorders 14 (5.5) 9(7.6) 5(3.3) 0.114*
Complications
Outcome 30 days-died, n (%) 67 (24.8) 30 (25.2) 37 (24.5) 0.895*
Early surgery, n (%) 54 (20.0) 20 (16.8) 34 (22.5) 0.245*
AHF 128 (47.5) 58 (48.7) 70 (46.4) 0.707 *
Septic shock 23 (8.5) 11 (9.2) 12(7.9) 0.703 *
Strocke 30 (11.1) 11 (9.2) 19 (12.6) 0.377 *
Embolism 56 (20.7) 24 (21.0) 31 (20.5) 0.920 *
Brain 29 (51.7) 11 (45.8) 18 (58) 0.369 *

Lung 5(8.9) 0(0.0) 5 (16.1) -
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Variabl 2005-2021 2005-2015 2016-2021 Val

ariables GOn =270 Gln=119 G2n=151 p value
Spleen 10 (17.9) 4 (16.7) 6(19.4) 0.800 *
Skin 7 (12.5) 6 (25) 1(3.22) 0.016 *

Musculoskeletal 2 (3.57) 2(8.3) 0(0.0) -
Combine 3(5.4) 2(8.3) 1(3.2) 0.408 *
Worsening kidney function 111 (41.1) 43 (36.1) 68 (45.0) 0.140 *

* z-test; t Mann—-Whitney U Test; CCI—Charlson comorbidity index; AH—arterial hypertension; CHF—chronic
heart failure; CKD—chronic kidney diseases; CAD—coronary arterial diseases; COPD—chronic obstructive
pulmonary diseases; AHF—acute heart failure.

The most common clinical presentations were fever, 263 (97.4%); anemia, 248 (92.5%);
heart murmur, 178 (66.2%); splenomegaly, 49 (18.1%); and skin disorders, 14 (5.5%). We found
a significant increase in cases with anemia in the second period (from 104 (88.9%) to 144
(95.4%), p = 0.044).

The 30-day mortality rate was 67 (24.8%) patients, with no significant change between
periods. Early surgery was performed in 54 (20%), rising from 20 (16.8%) to 34 (22.5%) in
the second period, with no significant difference. The most common complications were
acute heart failure, 128 (47.5%); worsening kidney function, 111 (41.1%); embolism, 56 (20.7%);
stroke, 30 (11.1%); and septic shock, 23 (8.5%) (Table 2).

Transthoracic echocardiography was performed in 100% of patients, and transesophageal
echocardiography was performed in 97 (35.9%) of them (Table 3). We found vegetation in
226 (83.7%), paravalvular abscess in 8 (3%), chordal rupture in 5 (3.3%), and valve obstruction
in 32 (11.9%). The distribution of valvular regurgitation according to severity was as fol-
lows: mild/moderate: AV—79 (29.3%); MV—64 (23.7%); TV—16 (6%). Severe regurgitation:
AV—67 (24.8%); MV—51 (19.3%); TV—20 (7.4%).

Table 3. Echocardiogram findings.

Variables 2005-2021 2005-2015 2016-2021 Value
GOn =270 Gln=119 G2n =151 P

TTE 270 (100) 119 (100) 151(100) N/A

TTE + TOE 97 (35.9) 42 (35.3) 55 (36.4) 0.8516 *
Valve location, n (%)

AV 121 (44.8) 55 (46.2) 66 (43.7) 0.682 *
MV 74 (27 4) 29 (24.4) 45 (29.8) 0.323*
vV 26 (9.6) 11 (9.2) 15 (9.9) 0.846 *
PV 1(0.4) 0(0.0) 1(0.7) 0.361*
Bivalve IE 45 (16.7) 23 (19.3) 22 (14.6) 0.304 *
AV-MV 37 (13.7) 20 (16.8) 17 (11.3) 0.192 *
AV-TV 4(15) 1(0.8) 3(2.0) 0.416*
MV-TV 4(1.5) 2(1.7) 2(1.3) 0.787 *
CDRIE 2(0.74) 1(0.8) 1(0.66) 0.693*
Vegetations, n (%) 226 (83.7) 95 (79.8) 131 (86.8) 0.122 *
<10 mm 153 (56.7) 77 (64.7) 76 (50.3) 0.018*
10-15 mm 38 (14.1) 7 (5.9) 31 (20.5) 0.001 *
>15 mm 35 (13.0) 11 (9.2) 24 (15.9) 0.104*
Perivalvular abscess, n (%) 8 (3.0) 3(2.5) 5(3.3) 0.670 *
Chordal rupture, n (%) 5(3.3) 1(0.7) 4(2.6) 0.239*
EF %, Mediana, (IQR) 60 (54-68) 63 (56-70) 59 (51-66) 0.000 +
Valve obstruction, n (%) 32 (11.9) 13 (10.9) 19 (12.6) 0.668 *
Aortic regurgitation, n (%) 146 (54) 66 (60.0) 80 (53.0) 0.250 *
Mild-moderate 79 (29.3) 32 (26.8) 44 (29.2) 0.663 *
Severe 67 (24.8) 34 (28.5) 36 (23.9) 0.392 *
Mitral regurgitation, n (%) 115 (42.6) 52 (43.7) 63 (41.7) 0.775*
Mild-moderate 64 (23.7) 29 (24.3) 35 (23.2) 0.833*
Severe 51 (18.9) 23(19.3) 28 (18.5) 0.868 *
Tricuspid regurgitation, n (%) 36 (13.3) 14 (11.8) 22 (14.6) 0.502 *
Mild-moderate 16 (6.0) 6 (5.0) 10 (6.6) 0.579*
Severe 20 (7.4) 8(6.8) 12 (7.9) 0.732*

* z-test; + Mann-Whitney U Test; TTE—transthoracic echocardiography; TOE—transesophageal echocardiography;
AV—aortic valve; MV—mitral valve; TV—tricuspid valve; CDRIE—cardiac device related IE; EF—injection fraction.
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Single-valve IE (SIE) was found in 223 (82.6%), multivalvular IE (MIE) in 45 (16.66%),
and CDRIE in 2 (0.74%). The most frequently affected valve was aortic (AV), 121 (44.8%);
followed by mitral valve, (MV) 75 (27.8%); and tricuspid valve (TV), 26 (9.62%). We had
one case (0.37%) with pulmonary valve IE. Of the MIE, the most common was AV-MV
IE—37 (13.7%) (Table 3). There was no triple- or quadruple-valve endocarditis in our
series. We found vegetation in 226 (83.7%) and significantly increased the cases with
vegetation 10-15 mm in the second period (from 7 (5.9%) to 31 (20.5%), p = 0.001 *. We also
found a significant decrease in EF in the second period from 63% (56-70) to 59% (51-66),
(p =0.000 1).

We had 111 (41.1%) negative blood cultures, and the most common pathogens were
staphylococci 89 (33%)—Staphylococcus aureus 44 (16.3%) and Staphylococcus CoNS 45 (16.7%).
We found enterococci in 25 (9.3%), streptococci in 21 (7.7%), Gram-negative, non-HASEK in
19 (7.0%), with no difference between the two periods. Only other Streptococci decreased
significantly in the second period from 4 (3.4%) to 0 (0%), p = 0.022 (Table 4).

Table 4. Microbiological agent.

Microbiological Agent 2005-2021 2005-2015 2016-2021

n (%) GOn =270 Gln=119 G2n =151 p Value

Negative hemoculture 111 (41.1) 48 (40.3) 63 (41.8) 0.803
Staphylococci 89 (33.0) 39 (32.8) 50 (33.1) 0.958
Staphylococcus aureus 44 (16.3) 16 (13.5) 28 (18.5) 0.269
Staphylococcus CoNS 45 (16.7) 23(19.3) 22 (14,6) 0.303
Streptococci 21(7.7) 12 (10.1) 9 (6.0) 0.212
Streptococcus viridans 9 (34) 6 (5.0) 3(2.1) 0.190
Streptococcus beta-hemolyticus 2(0.7) 0(0.0) 2 (1.3) 0.212
Streptococcus alfa hemolyticus 6(2.2) 2(1.7) 4(2.6) 0.617
Streptococci—others 4(1.5) 4(3.4) 0(0.0) 0.022
Enterococci 25(9.3) 9 (7.6) 16 (10.5) 0413
Enterococcus species 1(0.4) 0 (0.0) 1(0.65) 0.378
Enterococus faecalis 23 (8.5) 9 (7.6) 14 (9.2) 0.639
Enterococcus durans 1(0.4) 0 (0.0) 1(0.65) 0.378
Gram-negative (non-HACEK) 19 (7.0) 8 (6.7) 11 (7.3) 0.848
Pseudomonas aeruginosa 2(0.7) 0(0.0) 2(1.3) 0.212
Escherichia coli 9 (3.3) 3(2.5) 6 (4.0) 0.496
Enterobacter cloacae 1(0.4) 1(0.8) 0(0.0) 0.271
Klebsiella pneumoniae 3(1.1) 2(1.7) 1 (0.65) 0.414
Serratia marcescens 4(1.5) 2(1.7) 2 (1.3) 0.887
Others 5(1.9) 3(25) 2(1.3) 0.465
Candida spp. 3(1.1) 3(2.5) 0(0.0) 0.051
Erysipelothix rhusiopathiae 1(0.4) 0(0.0) 1(0.65) 0.378
Brevibacterium casei 1(0.4) 0(0.0) 1 (0.65) 0.378

z—test *; CoNS—coagulase-negative staphylococcus; non-HACEK—(Hemophilus species, Actinobacillus, Car-
diobacterium, Eikenella, or Kingella).

6. Discussion

The average age of patients with IE has increased significantly in recent decades. In
our study, the median age of patients was 65 years. In the subgroup analysis, a statistically
significant increase in age was found in the second period, 67 years compared to 62 years,
over a period of 6 years. Recent data from other economically developed countries are
similar: EURO-ENDO mean age was 59.25 £ 18.03 years [16]; France, 69 years [6]; Japan,
69.1 years [17]; Canada, 56 years [18]; Spain, 61.8 years [19]; Portugal, 68.3 years [20];
Netherlands, 67.5 years [21]; and South Korea, 56 years [22]. A number of factors have con-
tributed to this changing age distribution in countries with a high standard of living. The
predisposing cardiac risk factors in many of these countries have shifted from rheumatic
valvular disease, which occurs predominantly in young patients, to degenerative valvular
disease, which occurs predominantly in the elderly. Age remains lower in less economically
developed countries, where the dominant predisposing factors remain rheumatic heart
disease (RHD) and congenital heart disease and the increase in intravenous drug addiction.
This is illustrated by an 11-year study in India, where the average age of patients was
34.1 years, with predisposing factors of RHD (20%) and i.v. drug dependence of 30% [23].



Microorganisms 2024, 12, 1631

7 of 11

Similar data are available for Iran, 39.7 years [24]; Vietnam, 37.6 years [25]; and Pakistan,
46.9 years [26]. Age is an important characteristic, as it is associated with increased comor-
bidity, a greater proportion of patients with IE, healthcare-related difficulties, treatment
difficulties, and a greater proportion of patients with an unfavorable outcome.

In the total study sample, 65.6% were men. Data from other studies from different
time periods and geographical locations are similar. The male predominance, about 2/3 of
IE cases, has not changed historically. The gender distribution is also independent of the
geographical and socio-economic status of the countries.

The distribution of patients by risk groups in our study is comparable to other studies.
The high-risk group included patients with prosthetic valve IE (PVIE), patients with past IE,
and a very low percentage of cyanotic uncorrected congenital heart diseases. In our sample,
the majority were PVIE (28.2%) and experienced IE (7.4%), with 5.2% having experienced
prosthetic valve IE. In comparison, the high-risk group in EURO-ENDO is 37% (5); India,
45.6% (23); Africa, 29.1% [27]; and Portugal, 38% [28]. The latest recommendations of the
ESC (9) recommend IE prophylaxis only for high-risk groups. The reduction in the number
of cases with a dental entry door and the reduction in the proportion of streptococci as
causative agents worldwide are arguments in favor of restricting IE prophylaxis. In our
study, 2/3 of patients with IE did not receive prophylaxis. These data are likely to be
relevant to further discussion of the effect of restrictions on the prevention of IE.

Predisposing cardiac conditions are an important part of the pathogenesis of IE. Their
spectrum and distribution have changed considerably in recent decades, with significant
differences in geographical and socioeconomic status between countries. In the past, the
most common predisposing conditions were rheumatic heart disease and congenital heart
disorders, which continue to be the most common in under- and medium-developed
countries [24-26]. In our results, the largest proportion of patients did not have a history of
valve disease. It has been shown that 30—40% of degenerative valve lesions are of unknown
etiology [29]. Based on our data, the most frequent predisposing factor is the presence of
a prosthetic heart valve in almost one-third of patients. These data are similar to those in
European and other economically developed countries, where PVIE cases are increasing.
In comparison, PVIE cases in ICE-PCS were 21% [4]; France, 25% [6]; Euro Heart Survey,
26% [30]; EURO-ENDO, 30% [5].

The port of entry was unknown in almost half of patients in our study. Data from
a study in Romania are similar—34% [31]. Donova found an unknown port of entry in
68.6% [32]. This was followed by manipulation/procedure, dental, i.v. drug addiction, and
hemodialysis. The remaining categories—skin, genitourinary, gastrointestinal, respiratory,
ear—nose—throat, and others—are represented by less than 5%. Data from EURO-ENDO
are similar, with gastrointestinal gateways accounting for 6.3%; urogenital, 4.5%; and i.v.
drug dependence, 6.9%. The dental route is of particular interest in the context of IE
prevention restrictions. A high proportion of patients with a dental portal was reported in
a meta-analysis for Africa (28.3%), with an underlying predisposing cardiac condition of
rheumatic heart disease [27]. Our data are close to those of EURO-ENDO-9.8%, where they
reported a decrease in cases with a dental portal. For comparison, in the Euro Heart Survey,
it is 15% [30]; French Registry, 20.6% [6]; and ICE-PCS, 17% [4]. These data correlate with
a decrease in the proportion of streptococci as the causative agent. Based on our data,
manipulation/procedure was the largest proportion of entry doors. This reflects the global
increase in staphylococci and enterococci as causative agents and the increasing proportion
of healthcare-associated IE.

The most common clinical symptoms in our study were fever, anemia, and heart
murmur. We reported a statistically significant increase in the proportion of anemia in
G2 compared to G1 (p = 0.0436 *). This led to a statistically significant increase in CKD
patients in G2. Splenomegaly and skin changes were found in small percentages. We
observed a decrease in cases with splenomegaly and skin changes in G2 compared to G1,
without statistical significance. Our data are comparable to those from EURO-ENDO and
other studies from the last five years. Most patients in recent decades have few of the
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classic clinical findings traditionally associated with IE, which is a modern trend. For
example, in the 1960s and 1970s, 11-23% of patients with IE had Osler’s nodes, and 20—44%
had splenomegaly [8]. In recent decades, a significant decrease in cases with typical skin
changes (immunological and embolic) has been observed. In another study from 2014 [33],
Servy et al. found skin changes in 11.9% of 497 patients. These were purpura—8%; Osler’s
nodes—2.7%; Janeway lesions—1.6%; and conjunctival hemorrhages—0.6%.

In our sample, TEE was performed in 35.9% of patients. The data for Canada are
similar—29.4% [18]. TEE was performed more frequently in Japan—73.3% [17]; Latin
America—59.6% [27]; ICE-PCS—59% [4]; EURO-ENDO—58.1% [5]; Iran—54.4% [24]. TEE
was performed significantly less frequently in India—18.1% [23]. However, we found a
high percentage of vegetations—83.7%. TEE is known to be difficult to perform in patients
with severe or critical illness. TEE is the gold standard in the diagnosis of IE, especially in
cases of PVIE and CDRIE, and its wider use is recommended.

We found valvular vegetations in 83.7%, and this result is comparable with other
studies. According to our data, the most frequently affected valve is the aortic valve. Data
from EURO-ENDO, Latin America, and Canada are similar. In the remaining studies, mitral
valve involvement is the most common. High percentages of tricuspid valve involvement
were found in India—30.2%; Iran—20.7%; and Canada—15%. This is due to the widespread
use of intravenous drug addiction as a predisposing factor in these countries.

Regarding the size of valve vegetations, the highest proportion is found in those
smaller than 10 mm, 56.7%, and in the subgroup analysis, we find a statistically significant
increase in vegetations with a size of 10-5 mm in G2 (20.5%) compared to G1 (5.9%). This
is associated with an increase in cases of staphylococcal IE. Correspondingly, vegetations
smaller than 10 mm decreased significantly in G2 compared to G1. A higher proportion of
vegetations over 10 mm was found in Canada, 44.6%; India—10-30 mm, 38.7% and over
30 mm, 21.6%; Romania—over 10 mm, 42.8%; Vietnam—10-15 mm, 31.2% and over 15 mm,
7.4%. Vegetations greater than 10 mm are associated with a higher risk of embolism and
are an indication for early surgical intervention to prevent embolism [9].

A statistically significant difference was reported in ejection fraction (EF) in the sub-
group analysis, with a lower EF for G2 compared to G1. This was the result of a signifi-
cantly higher proportion of patients with CAD and atrial fibrillation, as well as the higher
CClin G2.

The distribution of severity of regurgitation was similar to other studies. We found
a perivalvular abscess and chordal rupture in low percentage. The incidence of this
complications varies between studies [4,5,23,27,34,35].

The microbiological results in our sample are comparable with changes and trends
over the last decades. The leading cause of IE are staphylococci, with a decrease in the
proportion of streptococci and an increase in the proportion of enterococci and Gram-
negative (GNB) micro-organisms. This is directly related to the increase in the percentage of
healthcare-associated IE, intravenous-drug-associated IE, and the decrease in the incidence
of dental entry door. These data are comparable to those reported in almost all current
studies [4-6,27,36]. An exception is the data from South Korea, where the most common
causes of IE are streptococci [22].

The proportion of negative blood cultures varies widely (10-52%) and is mostly related
to previous long-term antibiotic treatment [34]. The other factors for blood culture negative
IE are associated with fastidious slow-growing bacteria, including Coxiella burnetii (causing
Q fever), Bartonella spp., Brucella spp., Mycoplasma spp., Legionella spp., and Tropheryma
whipplei; non-bacterial organisms—fungi; and local microbiological resources. Specific
serological and polymerase chain reaction (PCR) tests are required for these pathogens and
should also be considered. In up to 60% of these cases, the pathogen can be isolated [35].
Our data showed negative blood cultures in 40.4%, mainly due to previous antibiotic
treatment. In comparison, a higher proportion of negative blood cultures were found
in Iran—56%; Pakistan—54%; Portugal—52%; and Africa—51.4%. The fewest cases of
negative blood cultures were observed in Japan—5%; ICE-PCS—10%; Canada—18%;
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EURO-ENDO—21%; Latin America—24%; and South Korea—26.3%. Our data are close to
those of France—35.8% and India—36%.

The current trend worldwide, especially in economically developed countries, is to
increase the proportion of HAIE. This is the result of an aging population, improvements
in healthcare, technological advances in medicine, and an increase in the average age of IE
patients [4,5]. We found no significantly increased incidence of healthcare-associated IE in
G2 compared to G1.

In-hospital complications are an important feature of patients with IE and are directly
related to the outcome of the disease. The 30-days mortality remains high and unchanged
despite advances in diagnosis, including new imaging modalities and treatment with
the use of new antibiotic molecules and early surgery. According to our data, in-hospital
mortality up to 30 days is 24.8%, which is comparable to data worldwide. Data from studies
and meta-analyses with large numbers of patients show an in-hospital mortality rate of
around 20-25%. Relatively lower mortality rates are reported by South Korea—14.6%;
India—17%; EURO-ENDO—17.1%; and ICE-PCS—18%. For the first two countries, this
is probably due to a lower mean age and correspondingly lower patient comorbidity. For
the other two registries, the high rate of early surgery is noteworthy, 51.2% and 48%,
respectively. The highest in-hospital mortality rate was reported for Iran—34.1% in a
relatively small study [24]. Acute heart failure is the most frequent complication, both
in our data and in other studies, with the exception of India. There, the average age
(34.1 £ 13.7 years) and comorbidity are low. Based on our data the high proportion of
patients with impaired kidney function can be explained by a higher proportion of patients
with CKD, worsened renal function as a result of antibiotic treatment, and immunological
changes, as well as circulatory and systemic disorders in acute heart failure and septic
shock. The rates of embolic events and septic shock in our study were similar to those in
EURO-ENDO. Acute neurological complications occur in 20-40% of patients with IE [37].
The incidence of acute neurological complications in our study is similar to that in Portugal,
Iran, India, and Africa. A significantly higher proportion is found in EURO-ENDO. It is
likely that the more frequent use of CT and MRl increases the diagnosis of acute neurological
complications.

Early surgery is a protective indicator and failure to perform early surgery when
indicated is a strong predictor of in-hospital death [5,17,36]. In our sample, early surgery
was performed in 20% of cases in GO, with an increase from 16% to 22.5% in G2 com-
pared with G1, without statistical significance. In comparison, the highest percentage of
early surgery was performed in South Korea—65.2% [22]; followed by Iran—57.6% [24];
Romania—51.7% [31]; EURO-ENDO—51.2% [5]; Africa—49.1 [27]; Canada—48% [18];
ICE-PCS 48% [4]; and France—45% [6]. The fewest number of patients treated with
early surgery were in India—13.1% [23]; Portugal—13.2% [20]; Japan—17.2% [17]; and
Russia—17% [38]. Refractory heart failure, septic shock (persistent infection), and preven-
tion of embolism are established indications for early surgery by ECS (2023) [9].

7. Limitation

This study is retrospective, and the data were based on the clinical database of a single
center. We did not use the nuclear imaging diagnostics (18F-fluorodeoxyglucose positron
emission tomography and leucocyte scintigraphy) due to unavailable resources. This is
a very important study and major criteria for diagnosis, especially in cases of prosthetic
IE and minor criteria if extracardiac foci of infection are found. In cases of negative blood
culture, these data are crucial for diagnosis. Another limitation of our study is that only
in-hospital follow-up was available. Despite these limitations, our study is the only one on
this subject in Bulgaria for the last decades that includes a large number of patients for a
long period of time—17 years.
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8. Conclusions

The profile of IE in Bulgaria has changed with increasing age and comorbidity, chang-
ing the predisposing cardiac conditions and entry door. The most common pathogens were
staphylococci. In-hospital mortality remains high.

Author Contributions: Conceptualization, B.D.-Y.; Methodology, B.D.-Y. and EN.; Software, P.U.;
Validation, R.R.; Formal analysis, R.R.; Investigation, B.D.-Y.; Writing—original draft, B.D.-Y,;
Writing—review & editing, B.D.-Y.; Supervision, M.T.; Project administration, P.U. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

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

References

1. Osler, W. Gulstonian lectures on malignant endocarditis. Lecture III. Lancet 1885, 1, 505-508. [CrossRef]

2. Osler, W. Gulstonian lectures on malignant endocarditis. Lecture II. Lancet 1885, 1, 459-464. [CrossRef]

3. Hoen, B.; Alla, F; Selton-Suty, C.; Béguinot, I.; Bouvet, A.; Briangon, S.; Casalta, ].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]

4. Murdoch, D.R.; Corey, G.R.; Hoen, B.; Mir6, ] M.; Fowler, V.G.; 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. Arch. Intern. Med. 2009,
169, 463-473. [CrossRef] [PubMed]

5. Habib, G.; Erba, PA,; Iung, B.; Donal, E.; Cosyns, B.; Laroche, C.; Popescu, B.A.; Prendergast, B.; Tornos, P.; Sadeghpour, A.;
et al. 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]

6. Sunder, S.; Grammatico-Guillon, L.; Lemaignen, A.; Lacasse, M.; Gaborit, C.; Boutoille, D.; Tattevin, P.; Denes, E.; Guimard,
T.; Dupont, M.; et al. Incidence, characteristics, and mortality of infective endocarditis in France in 2011. PLoS ONE 2019,
14, e0223857. [CrossRef] [PubMed]

7. Kang, D.H,; Kim, YJ.; Kim, S.H.; Sun, B.J.; Kim, D.H.; Yun, S.C.; Song, ] M.; Choo, S.J.; Chung, C.H.; Song, ] K,; et al. Early Surgery
versus Conventional Treatment for Infective Endocarditis. N. Engl. |. Med. 2012, 366, 2466—2473. [CrossRef]

8. Lalani, T; Cabell, C.H.; Benjamin, D.K; Lasca, O.; Naber, C.; Fowler, V.G,, Jr.; Corey, G.R.; Chu, V.H.; Fenely, M.; Pachirat, O.; et al.
Analysis of the Impact of Early Surgery on In-Hospital Mortality of Native Valve Endocarditis. Circulation 2010, 121, 1005-1013.
[CrossRef] [PubMed]

9. Delgado, V.; Ajmone Marsan, N.; De Waha, S.; Bonaros, N.; Brida, M.; Burri, H.; Caselli, S.; Doenst, T.; Ederhy, S.; Erba, P.A.; et al.
2023 ESC Guidelines for the management of endocarditis. Eur. Heart |. 2023, 44, 3948—-4042. [PubMed]

10. 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]

11. Durack, D.T.; Lukes, A.S.; Bright, D.K,; Service, D.E. New criteria for diagnosis of infective endocarditis: Utilization of specific
echocardiographic findings. Duke Endocarditis Service. Am. |. Med. 1994, 96, 200-209. [CrossRef] [PubMed]

12.  Lomas, ].M.; Martinez-Marcos, FJ.; Plata, A.; Ivanova, R.; Galvez, ].; Ruiz, J.; Reguera, ].M.; Noureddine, M.; De La Torre, J.
Healthcare—Associated infective endocarditis: An undesirable effect of health care u niversalization. Clin. Microbiol. Infect. 2009,
16, 1683-1690. [CrossRef]

13.  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] [PubMed]

14. Munoz, P; Kestler, M.; De Alarcon, A.; Miro, ].M.; Bermejo, J.; Rodriguez-Abella, H.; Farifias, M.C.; Belaustegui, M.C.; Mestres, C.;
Llinares, P; et al. Current Epidemiology and Outcome of Infective Endocarditis. Medicine 2015, 94, €1816. [CrossRef] [PubMed]

15. Friedman, N.D.; Kaye, K.S.; Stout, ].E.; McGarry, S.A.; Trivette, S.L.; Briggs, J.P.; Lamm, W.; Clark, C.; MacFarquhar, J.; Walton,
A.L,; et al. Health Care—Associated Bloodstream Infections in Adults: A Reason to Change the Accepted Definition of Community-
Acquired Infections. Ann. Intern. Med. 2002, 137, 791-797. [CrossRef] [PubMed]

16. Bohbot, Y,; Habib, G.; Laroche, C.; Stohr, E.; Chirouze, C.; Hernandez-Meneses, M.; Melissopoulou, M.; Mutlu, B.; Scheggi, V.;
Branco, L.; et al. Characteristics, management, and outcomes of patients with left-sided infective endocarditis complicated by
heart failure: A substudy of the ESC-EORP EURO-ENDO (European infective endocarditis) registry. Eur. J. Heart Fail. 2022,
24, 1253-1265. [CrossRef] [PubMed]

17. Hase, R.; Otsuka, Y.; Yoshida, K.; Hosokawa, N. Profile of infective endocarditis at a tertiary-care hospital in Japan over a 14-year
period: Characteristics, outcome and predictors for in-hospital mortality. Int. J. Infect. Dis. 2015, 33, 62-66. [CrossRef] [PubMed]

18. Maguire, D.J.; Arora, R.C.; Hiebert, B.M.; Dufault, B.; Thorleifson, M.D. The Epidemiology of Endocarditis in Manitoba: A

Retrospective Study. CJC Open 2021, 3, 1471-1481. [CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(02)17782-8
https://doi.org/10.1016/S0140-6736(02)17850-0
https://doi.org/10.1001/jama.288.1.75
https://www.ncbi.nlm.nih.gov/pubmed/12090865
https://doi.org/10.1001/archinternmed.2008.603
https://www.ncbi.nlm.nih.gov/pubmed/19273776
https://doi.org/10.1093/eurheartj/ehz620
https://www.ncbi.nlm.nih.gov/pubmed/31504413
https://doi.org/10.1371/journal.pone.0223857
https://www.ncbi.nlm.nih.gov/pubmed/31652280
https://doi.org/10.1056/NEJMoa1112843
https://doi.org/10.1161/CIRCULATIONAHA.109.864488
https://www.ncbi.nlm.nih.gov/pubmed/20159831
https://www.ncbi.nlm.nih.gov/pubmed/37622656
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0002-9343(94)90143-0
https://www.ncbi.nlm.nih.gov/pubmed/8154507
https://doi.org/10.1111/j.1469-0691.2010.03043.x
https://doi.org/10.1086/381971
https://www.ncbi.nlm.nih.gov/pubmed/14999629
https://doi.org/10.1097/MD.0000000000001816
https://www.ncbi.nlm.nih.gov/pubmed/26512582
https://doi.org/10.7326/0003-4819-137-10-200211190-00007
https://www.ncbi.nlm.nih.gov/pubmed/12435215
https://doi.org/10.1002/ejhf.2525
https://www.ncbi.nlm.nih.gov/pubmed/35508915
https://doi.org/10.1016/j.ijid.2015.01.003
https://www.ncbi.nlm.nih.gov/pubmed/25576825
https://doi.org/10.1016/j.cjco.2021.07.014
https://www.ncbi.nlm.nih.gov/pubmed/34993459

Microorganisms 2024, 12, 1631 11 of 11

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Heredia-Rodriguez, M.; Hernandez, A.; Bustamante-Munguira, J.; Alvarez, FJ.; Eiros, ].M.; Castrodeza, J.; Tamayo, E. Evolution
of the Incidence, Mortality, and Cost of Infective Endocarditis in Spain Between 1997 and 2014. J. Gen. Intern. Med. 2018,
33,1610-1613. [CrossRef] [PubMed]

Sousa, C.; Nogueira, P; Pinto, FJ. Insight into the epidemiology of infective endocarditis in Portugal: A contemporary nationwide
study from 2010 to 2018. BMC Cardiovasc. Disord. 2021, 21, 138. [CrossRef] [PubMed]

van den Brink, FS.; Swaans, M.].; Hoogendijk, M.G.; Alipour, A.; Kelder, ].C.; Jaarsma, W.; Eefting, F.D.; Groenmeijer, B.; Kupper,
A].E; Ten Berg, ].M. Increased incidence of infective endocarditis after the 2009 European Society of Cardiology guideline update:
A nationwide study in the Netherlands. Eur. Heart ]. Qual. Care Clin. Outcomes 2017, 3, 141-147. [CrossRef] [PubMed]

Kim, J.H.; Lee, H.J.; Ku, N.S.; Lee, S.H.; Lee, S.; Choi, J.Y.; Yeom, ].S. Infective endocarditis at a tertiary care hospital in South
Korea. Heart 2021, 107, 135-141. [CrossRef] [PubMed]

Arora, N.; Panda, PK.; Pruthvi, C.R.; Uppal, L.; Saroch, A.; Angrup, A.; Sharma, N.; Sharma, Y.P,; Vijayvergiya, R.; Rohit, M.K,;
et al. Changing spectrum of infective endocarditis in India: An 11-year experience from an academic hospital in North India.
Indian Heart |. 2021, 73, 711-717. [CrossRef] [PubMed]

Poorzand, H.; Hamidi, F,; Sheybani, F.; Ghaderi, E; Fazlinezhad, A.; Alimi, H.; Bigdelu, L.; Khosravi Bizhaem, S. Infective
Endocarditis: Clinical Characteristics and Echocardiographic Findings. Front. Cardiovasc. Med. 2022, 9, 789624. [CrossRef]

Tran, HM.; Truong, V.T.; Ngo, TM.N.; Bui, Q.P.V.;; Nguyen, H.C.; Le, T.T.; Mazur, W.; Chung, E.; Cafardi, ] M.; Pham, K.P;
et al. Microbiological profile and risk factors for in-hospital mortality of infective endocarditis in tertiary care hospitals of south
Vietnam. PLoS ONE 2017, 12, e0189421. [CrossRef]

Ali, S.S.; Qureshi, I.A; Ayaz, A.; Arshad, A.; Farhad, A.; Jamil, B.; Sohail, M.R. Etiology, clinical characteristics, and outcome
of infective endocarditis: 10-year experience from a tertiary care center in Pakistan. Monaldi Arch. Chest Dis. 2022, 92, 2212.
[CrossRef] [PubMed]

Noubiap, J.J.; Nkeck, J.R.; Kwondom, B.S.; Nyaga, U.F. Epidemiology of infective endocarditis in Africa: A systematic review and
meta-analysis. Lancet Glob. Health 2022, 10, e77-€86. [CrossRef] [PubMed]

Marques, A.; Cruz, I; Caldeira, D.; Alegria, S.; Gomes, A.C.; Luisa Broa, A.; Joao, I.; Pereira, H. Fatores de Risco para Mortalidade
Hospitalar na Endocardite Infecciosa. Arq. Bras. Cardiol. 2019, 114, 1-8. [CrossRef] [PubMed]

Horder, T.J. Infective endocarditis: With an analysis of 150 cases and with special reference to the chronic form of the disease.
Quart. |. Med. 1909, 2, 289-329.

Tornos, P.; lung, B.; Permanyer-Miralda, G.; Baron, G.; Delahaye, F.; Gohlke-Barwolf, 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]

Babes, E.E.; Lucuta, D.A.; Petchesi, C.D.; Zaha, A.A ; Ilyes, C.; Jurca, A.D.; Vesa, C.M.; Zaha, D.C.; Babes, V.V. Clinical Features
and Outcome of Infective Endocarditis in a University Hospital in Romania. Medicina 2021, 57, 158. [CrossRef]

Donova, T. Prosthetic valve endocarditis—Therapeutic behavior and outcome. Bulg. Cardiol. 2005, 4, 80-85.

Servy, A.; Valeyrie-Allanore, L.; Alla, E; Lechiche, C.; Nazeyrollas, P.; Chidiac, C.; Hoen, B.; Chosidow, O.; Duval, X. Prognostic
Value of Skin Manifestations of Infective Endocarditis. JAMA Dermatol. 2014, 150, 494-500. [CrossRef] [PubMed]

Suardi, L.R.; de Alarcén, A.; Garcia, M.V.; Ciezar, A.P.; Hidalgo Tenorio, C.; Martinez-Marcos, E].; Concejo-Martinez, E.; De la
Torre Lima, J.; Vinuesa Garcia, D.; Luque Marquez, R.; et al. Blood culture-negative infective endocarditis: A worse outcome?
Results from a large multicentre retrospective Spanish cohort study. Infect. Dis. 2021, 53, 755-763. [CrossRef] [PubMed]

Seidl, K.; Bayer, A.S.; Fowler, V.G., Jr.; McKinnell, ].A.; Abdel Hady, W.; Sakoulas, G.; Yeaman, M.R.; Xiong, Y.Q. Combinatorial
phenotypic signatures distinguish persistent from resolving methicillin-resistant Staphylococcus aureus bacteremia isolates.
Antimicrob. Agents Chemother. 2011, 55, 575-582. [CrossRef] [PubMed]

Urina-Jassir, M.; Jaimes-Reyes, M.A.; Martinez-Vernaza, S.; Quiroga-Vergara, C.; Urina-Triana, M. Clinical, Microbiological, and
Imaging Characteristics of Infective Endocarditis in Latin America: A Systematic Review. Int. |. Infect. Dis. 2022, 117, 312-321.
[CrossRef]

Angstwurm, K.; Borges, A.C.; Halle, E.; Schielke, E.; Weber, J.R. Neurologische Komplikationen bei infektioser Endokarditis.
Nervenarzt 2004, 75, 734-741. [CrossRef] [PubMed]

Moiseev, V.S.; Kobalava, Z.D.; Pisaryuk, A.S.; Milto, A.S.; Kotova, E.O.; Karaulova, Y.L.; Kahktsyan, P.V.; Chukalin, A.S,;
Balatskiy, A.V.,; Safarova, A.F,; et al. Infective Endocarditis in Moscow General Hospital: Clinical Characteristics and Outcomes
(Single-Center 7 Years” Experience). Kardiologiia 2018, 58, 66-75. [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/s11606-018-4514-7
https://www.ncbi.nlm.nih.gov/pubmed/29869145
https://doi.org/10.1186/s12872-021-01937-3
https://www.ncbi.nlm.nih.gov/pubmed/33726669
https://doi.org/10.1093/ehjqcco/qcw039
https://www.ncbi.nlm.nih.gov/pubmed/28927175
https://doi.org/10.1136/heartjnl-2020-317265
https://www.ncbi.nlm.nih.gov/pubmed/33033067
https://doi.org/10.1016/j.ihj.2021.09.008
https://www.ncbi.nlm.nih.gov/pubmed/34861981
https://doi.org/10.3389/fcvm.2022.789624
https://doi.org/10.1371/journal.pone.0189421
https://doi.org/10.4081/monaldi.2022.2212
https://www.ncbi.nlm.nih.gov/pubmed/35347974
https://doi.org/10.1016/S2214-109X(21)00400-9
https://www.ncbi.nlm.nih.gov/pubmed/34919859
https://doi.org/10.36660/abc.20180194
https://www.ncbi.nlm.nih.gov/pubmed/31751437
https://doi.org/10.1136/hrt.2003.032128
https://www.ncbi.nlm.nih.gov/pubmed/15831635
https://doi.org/10.3390/medicina57020158
https://doi.org/10.1001/jamadermatol.2013.8727
https://www.ncbi.nlm.nih.gov/pubmed/24500311
https://doi.org/10.1080/23744235.2021.1925342
https://www.ncbi.nlm.nih.gov/pubmed/34038316
https://doi.org/10.1128/AAC.01028-10
https://www.ncbi.nlm.nih.gov/pubmed/21098242
https://doi.org/10.1016/j.ijid.2022.02.022
https://doi.org/10.1007/s00115-004-1685-8
https://www.ncbi.nlm.nih.gov/pubmed/15034658
https://doi.org/10.18087/cardio.2018.12.10192
https://www.ncbi.nlm.nih.gov/pubmed/30625099

	Introduction 
	Material and Method 
	Definition and Classification of IE 
	Statistical Methods 
	Results 
	Discussion 
	Limitation 
	Conclusions 
	References

