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Abstract: Background: Infective endocarditis (IE) continues to be a disease with high mortality despite
medical advances. Objective: The objective of this study was to investigate the characteristics and
prognosis of IE according to the affected valves. Materials and methods: This study was retrospective
and single-centered, and it included 270 patients with a diagnosis of IE, for the period 2005–2021,
who received treatment at the University Hospital “St. Georgi” in Plovdiv, Bulgaria. Results: Single-
valve IE (SIE) was found in 82.6% (n-223), multivalvular IE (MIE) in 16.66% (n = 45) and device IE
(CDRIE) in 0.74% (n = 2) of patients. The most commonly affected valve was the aortic valve, in 44.8%
(n = 121). The predominant multivalvular involvement was aortic–mitral valves (AV-MV) (13.7%,
n = 37). The patients with tricuspid valve (TV) IE were significantly younger, at 39 (30) years, and
were more frequently male (80.8%). Mortality was higher in MIE than in SIE (31.1% vs. 23.8%) and
was the highest in multivalve aortic–tricuspid (AV-TV) IE (75%). Early surgery was performed most
in AV-MV IE, in 29.7% (n = 11). The Charlson comorbidity index (CCI) was significantly higher in
MV 4 (4) and AV 3 (3) vs. TV IE 1 (5) (p = 0.048 and p = 0.011, respectively). Septic shock occurred
most frequently in AV-TV involvement (75%; p = 0.0001). The most common causative agents were of
the Staphylococcus group. Staphylococcus aureus more often affected TV alone (46.2%, n = 124) vs. AV
(9.9%, n = 14; p = 0.0001) and vs. MV (22.6%, n = 17; p = 0.022); Staphylococcus coagulase-negative (CNG)
was the prevalent cause of MV IE (22.7%, n = 17) vs. AV-MV (2.7%, n = 1; p = 0.007). Streptococci
were represented in a low percentage and only in left-sided IE, more frequently in AV-MV (18.9%,
n = 7) vs. AV (6.6%, n = 8; p = 0.025). Conclusions: The aortic valve is the most frequently affected
valve, as single-valve IE or as multivalve AV-MV, with the predominant causative agents being of
the Staphylococcus group. AV-TV IE has the worst prognosis, with the most common complication of
septic shock and the highest in-hospital mortality.

Keywords: infective endocarditis; affected valve; mortality

1. Introduction

IE is a disease with poor prognosis and has had a changing profile over the past few
decades. The incidence of IE has increased from 9.91 to 13.8/100,000 in the last 30 years [1].
Despite advances in diagnosis, including new imaging modalities, and in treatment with the
use of new antibiotic molecules and early surgical treatment, mortality in IE remains high
at 16–25% [2,3]. The characteristics of IE change over time and depend on the geographical
and socio-economic level of the country. In recent decades, there has been an increase in
the patients’ age, comorbidity, Staphylococcus etiology, and health-care-related IE. There is a
shift in predisposing factors with an increase in cases of degenerative valvular involvement,
valve protheses, indwelling catheters, and implanted cardiac devices, while cases due to
rheumatic heart disease are becoming less common in developed countries. Although IE
is more common in older people, the disease can affect younger patients, usually those
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reporting intravenous drug use (IDU) or congenital heart disease [2,3]. Patients with
IDU-IE have a demographic and clinical profile different from that of non-IDU-IE. They
are younger, with fewer comorbidities, and hepatitis C virus (HCV) infection is frequent
(36–82%) [4]. The most commonly involved valve is the tricuspid valve (58–77%), with
predominant Staphylococcus aureus infection [5–7].

IE usually affects one valve and mostly on the left side, less commonly two valves
(10–18%), and extremely rarely three or four valves [3,8,9]. There are only 16 reported cases
of triple-valve IE [10]. Left-sided IE has a poor prognosis; it is more often complicated
by heart failure and embolic events, and more frequently there are indications for early
surgical treatment. According to the Euro-Endo Registry, only half of the indicated patients
are operated on, and this behavior improves the prognosis [11]. Right-sided IE accounts for
5–10% and is more often associated with intravenous drug use, intracardiac devices, and
central venous catheters [12]. Some studies have compared single- and multivalve IE re-
garding the outcome and prognosis [8,13–15]. Kim et al. found 18% MIE, with involvement
of the mitral and aortic valves being most common. The mortality rate was similar between
SIE and MIE, but heart failure complications were significantly more frequent in MIE than
SIE [13]. Using data from the Spanish IE Registry, Alvarez-Zaballos et al. reported that
MIE is associated with higher incidence rates of intracardiac complications, heart failure,
surgical indications, surgery, and in-hospital mortality than SIE. MIE, but not SIE, was the
independent predictor for in-hospital mortality in this group [8]. Bohbot et al. compared
single- to multivalve left-sided IE and reported that patients with bivalvular IE had more
embolic events, congestive heart failure, vegetations, and perivalvular complications than
did those with monovalvular IE. Early surgery was more frequent for patients with bi-
valvular IE. The thirty-day mortality rate was higher for patients with bivalvular IE than
for those with monovalvular IE. Early surgery was associated with increased survival for
patients with bivalvular IE [9].

Data on the characteristics and outcomes of IE according to the affected valves are
scarce in our region. This information could serve to improve the prognosis and outcomes
in IE, identify high-risk patients, and enable more accurate initial antibiotic therapy and
decisions for more aggressive treatment with early surgical intervention.

2. Materials and Methods

The study was retrospective and single-centered, including 270 patients with a di-
agnosis of IE according to the modified Duke criteria, treated at the University Hospital
“St. Georgi” in the city of Plovdiv during the period of January 2005–December 2021.
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 I33, I38, and I39 for the described period were used. The variables studied
included the patients’ demographics, risk group, presence of predisposing heart disease,
comorbidities, Charlson comorbidity index (CCI) [16], entry point, predictors for transient
bacteremia, clinical and echocardiographic findings, causative organisms, complications,
and clinical outcomes.

2.1. Definition and Classification of IE

The diagnosis was defined as definite IE or possible IE according to the modified
Duke criteria [6]. Surgical treatment of IE was defined as early when the surgery was
performed during antibiotic treatment. Valvular involvement of IE was determined based
on findings from echocardiography, other imaging studies, cardiac surgery, or, in some
cases, clinical presentation. The presence of septic emboli and an extracardiac focus of
infection was defined as a focus of infection detected by imaging or based on a typical
clinical presentation. Complications were diagnosed according to the established diagnostic
criteria and recommendations.



Microorganisms 2024, 12, 987 3 of 16

2.2. Statistical Methods

Quantitative data are presented as the arithmetic mean ± standard deviation (mean ± SD)
or median and interquartile range (median (IQR)) according to the type of distribution of the
variables (Kolmogorov–Smirnov test). Categorical variables were summarized using absolute
(n) and relative (%) magnitudes. The 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 of <0.05 (two-tailed test)
was considered statistically significant for all tests. Statistical analysis was performed using
SPSS, version 26.0 (IBM Corp., New York, NY, USA).

3. Results

Of all 270 patients, 75.9% (n = 205) had definite IE, with 65% (n = 133) of them having
two major criteria and 35% (n = 72) having one major and three minor criteria. The
remaining 24.1% (n = 65) were diagnosed with possible IE, 95% (n = 62) of them with one
major and one minor criterion and three with three minor criteria.

Transthoracic echocardiography was performed in 100% of patients and transesophageal
echocardiography in 35.9% of them. We found vegetation in 83.7% (n = 226), periannular
abscess in 3% (n = 8), chordal rupture in 3.3% (n = 5), and valve obstruction in 11.9% (n = 32).
The distribution of valvular regurgitation according to severity was as follows: mild/moderate:
AV—29.3%, MV—23.7%, TV—6%; severe regurgitation: AV—24.8%, MV—19.3%, TV—7.4%.

Single-valve IE (SIE) was found in 82.6% (n = 223), multivalvular IE (MIE) in 16.66%
(n = 45), and CDRIE in 0.74% (n = 2). The most frequently affected valve was the aortic
(AV—44.8%, n = 121), followed by the mitral valve (MV—27.8%, n = 75) and tricuspid
valve (TK—9.62%, n = 26). We had one case (0.37%) with pulmonary valve IE. Of the MIE
types, the most common was AV-MV IE (13.7%, n = 37) (Table 1). There was no triple- or
quadruple-valve endocarditis in our series.

The TV IE patients were younger, at 39 (30) years (statistically significant differences
are presented in Table 1). The male gender predominated in all valvular involvements,
with the highest proportion in TV IE (80.8%) and AV-TV IE (100%) (p = 0.019) (Table 1).

The thirty-day mortality was higher in MIE than in SIE (31.1% vs. 23.8%), without
statistical difference (p > 0.05). Mortality was significantly higher in AV-TV IE (75%), in
PV IE (100%), and in CDRIE (100%) (statistically significant differences are presented in
Table 1).

The Charlson comorbidity index (CCI) was the highest in MV IE 4 (4) and AV-MV IE
4 (3) and the lowest in TV IE—1 (5) (AV vs. TV (p = 0.048); MV vs. TV (p = 0.011)). Early
surgery was most often performed for CDRIE (100%) and multivalve AV-MV IE (29.7%)
and was statistically significantly more frequent compared to MV IE (13.3%) (p = 0.036). Of
the SIE types, the most frequent early surgery was performed in TV IE (23.1%).

Native IE predominated in all valvular involvements, being more common in TV (80.8%),
PV (100%), and AV-TV (100%). Prosthetic IE accounted for nearly one-third of all cases, most
commonly in left-side IE: AV (38.8%), MV (25.3%), and AV-MV (35.1%). Valvular prothesis
was the most common cardiac predisposing condition, with no significant differences between
types of valvular involvement. Degenerative valvular lesions were most often associated with
AV IE (8.3%). Bicuspid AV occurred in 7.4% and MV prolapse in 6.7%. In about half of cases,
there was no confirmed predisposing heart disease.
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Table 1. Clinical characteristics—demographics, risk group, outcome at 30 days (death), EF, type of valves, early surgery, entry point, predisposing heart conditions,
type of acquisition.

Variables

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Valuen = 121
(44.81%)

n = 75
(27.80%)

n = 26
(9.62%)

n = 1
(0.37%)

n = 37
(13.70%)

n = 4
(1.48%)

n = 4
(1.48%)

n = 2
(0.74%)

1 2 3 4 5 6 7 8

Single-Valve IE—223 (82.60%) Double-Valve IE—45 (16.66%) 2 (0.74%)

Age in yrs., median (IQR) 65 (21) 66 (21) 39 (30) 45 (-) 67 (16) 44 (30) 63.5 (45) 74 (-)
p = 0.005 1–3†

p = 0.002 2–3†

p = 0.002 3–7†

Gender—male,
n (%) 83 (68.6) 43 (57.3) 21 (80.8) 1 (100) 23 (62.2) 4 (100) 1 (25) 1 (50) p = 0.019 3–7*

Risk group, n (%)

Low 52 (43) 42 (56) 15 (57.7) 1 (100) 20 (54.1) 3 (75) 1 (25) 2 (100) p > 0.05

Moderate 22 (18.2) 13 (17.3) 2 (7.7) 0 4 (10.8) 1 (25) 2 (50) 0 p > 0.05

High 47 (38.8) 20 (26.7) 9 (34.6) 0 13 (35.1) 0 1 (25) 0 p > 0.05

Outcome at 30 days—death, n (%)

Single valves IE—53 (23.8) Double valves IE—14 (31.1) p > 0.05

28 (23.1) 19 (25) 5 (19.2) 1 (100) 10 (27) 3 (75) 1 (25) 2 (100)

p = 0.018 1–6*
p = 0.029 2–6*
p = 0.019 3–6*
p = 0.012 1–8*
p = 0.018 2–8*
p = 0.011 3–8*
p = 0.029 5–8*

EF %, median (IQR) 60 (13) 60 (13) 61.5 (20) 0 64 (14) 56.5 (12) 65 (10) 61 (-) p > 0.05

Type of valves

Native IE 74 (61.2) 56 (74.7) 21 (80.8) 1 (100) 24 (64.9) 4 (100) 3 (75) 0 p > 0.05 *

Prosthetic IE 47 (38.8) 19 (25.3) 5 (19.2) 0 13 (35.1) 0 1 (25) 0 p > 0.05 *

Late prosthetic 42 (34.7) 18 (24.0) 4 (15.4) 0 11 (29.7) 0 1 (25) 0 p > 0.05 *

Early prosthetic 5 (4.1) 1 (1.3) 1 (3.8) 0 2 (5.4) 0 0 0 p > 0.05 *
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Table 1. Cont.

Variables

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Valuen = 121
(44.81%)

n = 75
(27.80%)

n = 26
(9.62%)

n = 1
(0.37%)

n = 37
(13.70%)

n = 4
(1.48%)

n = 4
(1.48%)

n = 2
(0.74%)

1 2 3 4 5 6 7 8

Single-Valve IE—223 (82.60%) Double-Valve IE—45 (16.66%) 2 (0.74%)

Early surgery,
n (%) 24 (19.8) 10 (13.3) 6 (23.1) 0 11 (29.7) 0 1 (25) 2 (100)

p = 0.036 2–5*
p = 0.001 2–8*
p = 0.006 1–8*
p = 0.001 2–8

p = 0.020 3–8*
p = 0.040 5–8*

Entry point

Unknown 64 (52.9) 36 (48) 4 (15.4) 0 17 (46) 2 (50) 2 (50) 0
p = 0.001 1–3*
p = 0.003 2–3*
p = 0.011 3–5*

Dental 15 (12.4) 8 (10.7) 0 0 7 (18.9) 0 0 0 p > 0.05 *

Skin 4 (3.3) 3 (4.0) 1 (3.8) 0 2 (5.4) 0 0 0 p > 0.05 *

Hemodialysis 4 (3.3) 6 (8.0) 0 0 1 (2.7) 1 (25) 1 (25) 0

p = 0.029 1–6

p = 0.029 1–7*
p = 0.049 5–6*
p = 0.049 5–7*

Urogenital 8 (6.6) 0 1 (3.8) 0 0 0 0 0 p > 0.05

Gastrointestinal 1 (0.8) 0 0 0 3 (8.1) 0 1 (25) 0 p = 0.013 1–5*
p = 0.000 1–7*

Ear/nose/throat 1 (0.8) 3 (4.0) 0 0 0 0 0 0 p > 0.05

IV drug use 5 (4.1) 2 (2.7) 16 (61.6) 0 0 1 (25) 0 0
p < 0.0001 1–3*
p < 0.0001 2–3*
p = 0.024 2–6*
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Table 1. Cont.

Variables

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Valuen = 121
(44.81%)

n = 75
(27.80%)

n = 26
(9.62%)

n = 1
(0.37%)

n = 37
(13.70%)

n = 4
(1.48%)

n = 4
(1.48%)

n = 2
(0.74%)

1 2 3 4 5 6 7 8

Single-Valve IE—223 (82.60%) Double-Valve IE—45 (16.66%) 2 (0.74%)

Manipulation/
procedures 17 (14) 15 (20) 4 (15.4) 1 (100) 6 (16.2) 0 0 2 (100)

p = 0.001 1–8*
p = 0.007 2–8*
p = 0.002 3–8*
p = 0.004 5–8*

Respirators 2 (1.7) 2 (2.7) 0 0 1 (2.7) 0 0 0 p > 0.05 *

Predisposing Heart Conditions

Prosthetic valve 47 (38.8) 19 (25.3) 5 (19.3) 0 13 (35.1) 0 1 (25) 0 p > 0.05 *

Rheumatic heart disease 2 (1.7) 4 (5.3) 0 0 2 (5.4) 1 (25) 0 0 p = 0.003 1–6*

Congenital heart disease 1 (0.8) 0 1 (3.8) 0 0 0 0 0 p > 0.05 *

Degenerative valve 10 (8.3) 3 (4) 1 (3.8) 0 1 (2.7) 0 0 0 p > 0.05 *

Bicuspid Aortic valve 9 (7.4) 0 0 0 1 (2.7) 0 0 0 p > 0.05 *

Mitral valve prolapse 0 5 (6.7) 0 0 0 0 1 (25) 0 p > 0.05 *

Without 52 (43) 44 (58.7) 19 (73.1) 1(100) 20 (54.1) 3 (75) 0 0 p > 0.05 *

Type of acquisition

Community-acquired IE 87 (71.9) 52 (69.3) 7 (26.9) 0 26 (70.3) 1 (25) 2 (50) 0

p < 0.0001 1–3*
p = 0.0002 2–3*
p = 0.0007 3–5*
p = 0.043 1–6*

Health-care-associated IE 29 (24) 22 (29.3) 4 (15.4) 11 (29.7) 1 (25) 2 (50) 2 (100)

p = 0.014 1–8*
p = 0.033 2–8*
p = 0.005 3–8*
p = 0.040 5–8*

Intravenous-drug-use-related IE 5 (4.1) 1 (1.3) 15 (57.7) 0 0 2 (50) 0 0 p < 0.0001 1–3*

* z test; † Mann–Whitney U test; AV—aortic valve; MV—mitral valve; TV—tricuspid valve; PV—pulmonic valve; AV + MV—bivalve aortic and mitral IE; AV + TV—bivalve aortic and
tricuspid IE; MV + TV—bivalve mitral and tricuspid IE; CDRIE—intracardiac-device-related IE; IV drug use—intravenous drug use; EF—injection fraction.
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The portal of entry of infection was unknown in about 50% of cases. In TV IE, the
most common portal of entry was IV drug use (61.5%). The next known gateway was
manipulations and procedures in all cases of SIE, in AV-MV IE, and in device IE. The dental
portal was a source of infection only in left-sided IE, most often in AV-MV (18.9%), followed
by AV (12.4%) and MV (10.7%). Hemodialysis was a common cause of MIE (AV-TV 25%;
MV-TV 25%), as well as single-valve involvement of AV and MV.

Community-acquired IE was most common in left-side IE—AV (71.9%), MV (69.3%),
and AV-MV (70.3%). Health-care-associated IE involved all valves, significantly more
frequently in CDRIE (100%) and MV-TV IE (50%) (p < 0.05). Intravenous-drug-related IE
most often affected TV (57.7%) and AV-TV (50%) (p = 0.0001) (Table 1).

The Charlson comorbidity index (CCI) was significantly higher in MV IE 4 (4) and
AV IE 3 (3) vs. TV IE 1 (5) (p = 0.048 and p = 0.011, respectively) and in AV-MV 3.5 (3).
Arterial hypertension was the most common comorbidity in left-side IE—AV (69.4%), MV
(69.3%), and AV-MV IE (56.8%) vs. TV IE (30.8%) (p = 0.0002, p = 0.001, and p = 0.041,
respectively). Coronary heart diseases were prevalent in AV IE (30.6%) vs. TV (7.7%)
(p = 0.016). Hemodialysis was frequent in MIE—AV-TV (25%) and MV-TV (25%). Chronic
liver diseases most often accompanied TV IE (19.2%) vs. AV (5.8%) and vs. MV (1.3%)
(p = 0.024 and p = 0.001, respectively). A past IE was most common in TV (26.9%) vs.
AV (4.1%) and vs. MV (4.0%) (p = 0.0001 and p = 0.0008, respectively). There were no
significant statistical differences in the remaining comorbidities among the various valvular
involvements (Table 2).

The most common complication was acute heart failure, followed by impaired renal
function, embolic events, and acute stroke, with no significant differences among the valve
locations. Septic shock was significantly more frequent in AV-TV involvement (75%) vs. AV
(9.1%) and vs. MV (6.7%) (p < 0.0001 and p < 0.0001, respectively) and also when compared
to both TV (7.7%) (p = 0.001) and AV-MV (5.4%) (p < 0.0002) (Table 2).

Negative blood cultures were prevalent in AV IE (50.4%) compared to TV IE (23.1%)
(p = 0.011). The Staphylococcus group was the predominant cause of IE (TV 53.8%, MV
45.3%, and AV-TV 50%). Staphylococcus aureus significantly more often affected TV (46.2%)
compared to AV (9.9%) (p = 0.0001) and compared to MV (22.6%) (p = 0.022); Staphylococcus
CNG was the most considerable part of the etiology of MV IE (22.7%) compared to AV-
MV (2.7%) (p = 0.007) and that of CDRIE (50%) compared to AV-MV (2.7%) (p = 0.003).
Streptococci were represented in a low percentage and were the causative agent only of
left-sided IE, being significantly more frequent in AV-MV IE (18.9%) compared to AV (6.6%)
(p = 0.025). Enterococci were found in all valvular involvements but most often in MIE, in
MV-TV (50%), AV-TV (25%), PV (100%), and CDRIE (50%), compared to SIE (vs. AV 7.4%,
p = 0.003; vs. MV 6.7%, p = 0.003; vs. TV 7.7%, p = 0.021). Enterococcus faecalis was the
most widespread agent of this group. Gram-negative (non-HASEK) bacteria were the most
frequent causative agent of single-valve involvement, with Escherichia coli being the most
common representative (14%). Klebsiella pneumoniae affected only AV (1.7%) and MV (1.3%)
(Table 3).
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Table 2. Comorbidity and complications.

Variables

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Value
n = 121 n = 75 n = 26 n = 1 n = 37 n = 4 n = 4 n = 2

1 2 3 4 5 6 7 8

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Comorbidity

CCI, median (IQR) 3 (3) 4 (4) 1 (5) 1(-) 4 (3) 2.5 (3) 3.5 (3) 3 (-) p = 0.048 1–3†

p = 0.011 2–3†

AH 84 (69.4) 52 (69.3) 8 (30.8) 1(100) 21 (56.8) 1 (25) 3 (75) 1 (50)
p = 0.0002 1–3*
p = 0.001 2–3*
p = 0.041 3–5*

CAD 37 (30.6) 17 (22.7) 2 (7.7) 0 6 (16.2) 0 1 (25) 1 (50) p = 0.016 1–3*

Heart surgery 48 (39.7) 25 (33.3) 9 (34.6) 0 12 (32.4) 0 1 (25) 0 p > 0.05 *

CHF 59 (48.8) 32 (42.7) 17 (65.4) 0 14 (37.8) 1 (25) 1 (25) 0 p > 0.05 *

Diabetes 22 (18.2) 17 (22.7) 3 (11.5) 0 8 (21.6) 1 (25) 0 0 p > 0.05 *

Atrial fibrillation 22 (18.2) 14 (18.7) 4 (15.4) 0 7 (18.9) 0 1 (25) 1 (50) p > 0.05 *

Gastrointestinal 16 (13.2) 6 (8) 2 (7.7) 0 7 (18.9) 0 1 (25) 0 p > 0.05 *

Malignancy 11 (9.1) 10 (13.3) 2 (7.7) 0 7 (18.9) 0 0 0 p > 0.05 *

Systemic disease 1 (0.8) 3 (4.0) 0 0 0 0 0 0 p > 0.05 *

CKD 35 (28.9) 24 (32) 3 (11.5) 0 5 (13.5) 2 (50) 1 (25) 0 p > 0.05 *

Hemodialysis 5 (4.1) 6 (8.0) 0 0 1 (2.7) 1 (25) 1 (25) 0 p = 0.049 5–6*
p = 0.049 5–7*

Chronic liver disease 7 (5.8) 1 (1.3) 5 (19.2) 0 0 0 0 0 p = 0.024 1–3*
p = 0.001 2–3*

Past stroke 20 (16.5) 13 (17.3) 3 (11.5) 0 4 (10.8) 0 0 0 p > 0.05 *

Past IE 5 (4.1) 3 (4.0) 7 (26.9) 0 4 (10.8) 0 1 (25) 0 p = 0.0001 1–3*
p = 0.0008 2–3*
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Table 2. Cont.

Variables

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Value
n = 121 n = 75 n = 26 n = 1 n = 37 n = 4 n = 4 n = 2

1 2 3 4 5 6 7 8

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Complications

AHF 57 (47) 31 (41.3) 10 (38.5) 1 (100) 13 (35.1) 2 (50) 2 (50) 1 (50) p > 0.05 *

Septic shock 11 (9.1) 5 (6.7) 2 (7.7) 0 2 (5.4) 3 (75) 0 0

p < 0.0001 1–6*
p < 0.0001 2–6*
p = 0.001 3–6*

p < 0.0002 5–6*

Embolism 31 (20.7) 14 (18.7) 6 (15.4) 0 12 (32.4) 1 (25) 0 0 p > 0.05 *

Brain 15 (12.4) 7 (9.3) 0 0 6 (16.2) 1 (25) 0 0 p > 0.05 *

Lung 0 0 3 (11.5) 0 0 1 (25) 1 (25) 0 p > 0.05 *

Spleen 3 (2.5) 3 (4.0) 0 0 2 (5.4) 1 (25) 1 (25) 0 p = 0.012 1–6*
p = 0.012 1–7*

Other 5 (4.1) 3 (4.0) 1 (3.8) 0 3 (8.1) 0 0 0 p > 0.05 *

Worsening
kidney function 54 (44.6) 28 (37.3) 11 (42.3) 0 14 (37.8) 3 (75) 1 (25) 0 p > 0.05 *

Stroke 14 (11.6) 8 (10.7) 1 (3.8) 0 6 (16.2) 1 (25) 0 0 p > 0.05 *

* z test; † Mann–Whitney U test; AV—aortic valve; MV—mitral valve; TV—tricuspid valve; PV—pulmonic valve; AV + MV—bivalve aortic and mitral IE; AV+ TV—bivalve aortic and
tricuspid IE; MV + TV—bivalve mitral and tricuspid IE; CDRIE—intracardiac-device-related IE; CCI—Charlson comorbidity index; AH—arterial hypertension; CAD—coronary arterial
disease; CHF—chronic heart failure; CKD—chronic kidney disease; AHF—acute heart failure.
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Table 3. Microbiological agents.

Microbiological Agent

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Value
n = 121 n = 75 n = 26 n = 1 n = 37 n = 4 n = 4 n = 2

1 2 3 4 5 6 7 8

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Negative blood cultures 61 (50.4) 26 (34.7) 6 (23.1) 0 13 (35.1) 1 (25) 1 (25) 0 p = 0.011 1–3*

Staphylococci 30 (24.8) 34 (45.3) 14 (53.9) 0 7 (18.9) 2 (50) 1 (25) 1 (50)

p = 0.003 1–2*
p = 0.003 1–3*
p = 0.006 2–5*
p = 0.004 3–5*

Staphylococcus aureus 14 (11.6) 17 (22.6) 12 (46.2) 0 6 (16.2) 1 (25) 1 (25) 0

p < 0.0001 1–3*
p = 0.022 2–3*
p = 0.009 3–5*
p = 0.015 1–2*

Staphylococcus CoNS 16 (13.2) 17 (22.7) 2 (7.7) 0 1 (2.7) 1 (25) 0 1 (50) p = 0.007 2–5*
p = 0.003 5–8*

Streptococci 8 (6.6) 6 (8.0) 0 0 7 (18.9) 0 0 0 p = 0.025 1–5*

Streptococcus viridans 3 (2.5) 3 (4.0) 0 0 3 (8.1) 0 0 0 p > 0.05 *

Streptococcus beta-hemolytic 1 (0.8) 1 (1.3) 0 0 0 0 0 0 p > 0.05 *

Streptococcus alfa hemolyt 2 (1.7) 1 (1.3) 0 0 3 (8.1) 0 0 0 p > 0.05 *

Streptococci—other 2 (1.7) 1 (1.3) 0 0 1 (12.7) 0 0 0 p = 0.004 1–5*
p = 0.010 2–5*

Enterococci 9 (7.4) 5 (6.7) 2 (7.7) 1 (100) 4 (10.8) 1 (25) 2 (50) 1 (50)

p = 0.003 1–7*
p = 0.003 2–7*
p = 0.021 3–7*
p = 0.035 5–7*
p = 0.028 1–8*
p = 0.025 2–8*

Enterococcus species 0 0 0 0 1 (2.7) 0 0 0
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Table 3. Cont.

Microbiological Agent

AV MV TV PV AV + MV AV+ TV MV + TV CDRIE

p-Value
n = 121 n = 75 n = 26 n = 1 n = 37 n = 4 n = 4 n = 2

1 2 3 4 5 6 7 8

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Enterococcus faecalis 9 (7.4) 5 (6.7) 2 (7.7) 1 (100) 2 (5.4) 1 (25) 2 (50) 1 (100)

p = 0.003 1–7*
p = 0.003 2–7*
p = 0.021 3–7*
p = 0.004 5–7*
p < 0.0001 1–8*
p < 0.0001 2–8*
p = 0.0003 3–8*
p < 0.0001 5–8*

Enterococcus durans 0 0 0 0 1 (2.7) 0 0 0

Gram-negative (non-HASEK) 12 (9.9) 3 (4.0) 3 (11.5) 0 1 (2.7) 0 0 0 p > 0.05 *

Pseudomonas aeruginosa 0 1 (1.3) 0 0 1 (2.7) 0 0 0 p > 0.05 *

Escherichia coli 6 (5.0) 1 (1.3) 2 (7.7) 0 0 0 0 0 p > 0.05 *

Enterobacter cloacae 1 (0.8) 0 0 0 0 0 0 0 -

Klebsiella pneumoniae 2 (1.7) 1 (1.3) 0 0 0 0 0 0 p > 0.05 *

Serratia marcescens 3 (2.5) 0 1 (3.8) 0 0 0 0 0 p > 0.05 *

Others 1 (0.8) 0 0 0 3 (8.1) 0 0 0 p = 0.013 1–5*

Candida spp. 0 0 0 0 3 (8.1) 0 0 0 -

Erysipelothix rhusiopathiae 0 1 (1.3) 0 0 0 0 0 0 -

Brevibacterium casei 1 (0.8) 0 0 0 0 0 0 0 -

Missing 0 0 1 (3.8) 0 2 (5.4) 0 0 0 -
* z-test.
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4. Discussion

Our data present a prevalence of single-valve IE, with predominant involvement of
the aortic valve. The results from EURO-ENDO (49.5%) [3], Latin America (42.4%) [17], and
Canada (40%) [18] are similar. The highest frequencies of infection of the MV were reported
in ICI-PCS (41%) [2], Africa (54.7%) [19], South Korea (61.3%) [20], Japan (42.2%) [21],
Turkey (43.3%) [22], and Vietnam (41.3%) [23]. The distribution of affected valves is
associated with the heart valve predisposition, entry point, and causative microorganism.
Predisposing cardiac conditions are an important part of IE pathogenesis. Their spectrum
and distribution have undergone a substantial change over the last few decades, with
significant differences in the geographical and socio-economic status of the countries also
observed. Rheumatic heart disease (RHD) was the most common underlying lesion in
the past, and the mitral valve was the most affected, with a Streptococcus etiology [24]. In
developed countries, the proportion of cases associated with RHD has declined to 5% or
less over the past two decades [3]. Nowadays, the most affected valve is the aortic valve
as a result of degenerative valve disorders [25]. However, in developing countries, RHD
remains the most common predisposing risk factor for IE. For example, a meta-analysis for
Africa published in 2022 reported 52% of cases with a predisposition of RHD [19], India
reported 19% [26], Saudi Arabia reported 15% [27], and Latin America reported 13% [17].
For comparison, in the International Collaboration on Endocarditis Prospective Cohort
Study (ICE-PCS), cases with RHD were registered at 3% [2]. We found that patients with
AV IE were older, with more frequent degenerative valve predisposition, a high CCI, a
predominantly Staphylococcus group etiology, and prevalent comorbidities of arterial
hypertension and coronary heart disease.

The mitral valve was the second most frequently affected valve, characterized by older
patients with the highest CCI, predominantly community-acquired IE, and Staphylococcus
CNG as the causative agent.

We found tricuspid valve involvement in 9.6%, which is comparable to the data from
other studies: EURO-ENDO—11.4% [3], ICI-PCS—12% [2], Latin America—9.3% [17], and
Africa—7.2% [19]. These patients were significantly younger, predominantly male, with a
low CCI [16] and more frequent involvement of a native valve; additionally, 61.2% were
IV drug users. Chronic liver diseases were most common in TV IE, due to IV drug users
with hepatitis C virus infection, which is frequent (36–82%) among these patients [28].
The predominant causative microorganism was Staphylococcus aureus. In this period, we
had only two cases of CDRIE, with VVI pacemakers. Pulmonary valve IE is a rare entity,
comprising 1–2% of all cases, which is in accordance with our results [29].

Multivalve IEs were found in 16.7% of our patients, which is similar to the findings
reported by EURO-ENDO (18.2%) [2], Iran (17%) [30], South Korea (16.7%) [20], Latin
America (13.2%) [17], and India (13.2%) [26]. Controversially, other countries’ data include
fewer cases: Japan—6.1% [21], Turkey—7.7% [22], Vietnam—9.5% [23]. This difference may
be due to the different number of cases, level of diagnostic techniques, frequency of use
of TEE, and other new diagnostic modalities. In our study, TEE was performed in 35.9%
of patients. The outcomes from Canada are comparable—29.4% [8]. TEE was used more
often in Japan (73.3%) [21], Latin America (59.6%) [17], ICE-PCS (59%) [2], EURO-ENDO
(58.1%) [3], and Iran (54.4%) [30]. TEE was performed significantly less frequently in
India—18.1% [26]. Insufficient data exist regarding the distribution of MIE. We found the
involvement of AV-MV to be the most frequent, which is similar to other reports [8,9,13].

The age of patients with IE has increased over the past decades, and our results are
like those from the EURO-ENDO registry: a mean age of 59.25 ± 18.03 years (46.3% aged
>65 years and 12.0% aged ≥80 years) and higher in European than in non-European coun-
tries (60.97 ± 17.36 vs. 52.66 ± 19.01, p < 0.0001) [3]. The data from other economically devel-
oped countries currently exhibit similarities: France—69 years [31], Japan—69.1 years [21],
Canada—56 years [18], Spain—61.8 years [32], Portugal—47.1% between 60 and 79 years
old [33], Netherlands—67.5 years [20,34], and South Korea—56 years [20]. Only the patients
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with tricuspid valve IE were significantly younger, relating to drug abuse. The male gender
remains the predominant gender. This has not changed over the years.

The entry door of infection is related to the affected valves, causative microorganisms,
and type of acquisition. In half of all cases, the portal of entry is unknown. The portal
of entry was dental only in left-side IE, with low frequency in AV, MV, and AV-MV, most
often with a Streptococcal etiology and community-acquired IE. The Streptococcal etiology
has decreased over the past decades, and this study produced results that corroborate the
findings of a great deal of the previous work in this field in the EURO-ECHO registry. The
most common causative agents were of the Staphylococcus group. Staphylococcus aureus more
often affected TV alone, while Staphylococcus coagulase-negative (CNG) was the prevalent
cause of MV IE. Manipulations and procedures are presented as a portal of entry in all
types of valve involvement and are a predisposing factor for health-care-associated IE. This
type of IE presented with the most common staphylococcal etiology and an increasing
proportion of Enterococcus bacteria as a causative agent [15].

Prosthetic valves were the most prevalent cardiac predisposition, in nearly one-third
of all cases, without significant differences according to the valve location. These results
are consistent with those of European and other economically developed countries and
suggest an increase in prosthetic valve IE (PVIE) cases. In comparison, cases with PVIE
accounted for 21% in ICE-PCS [2], 25% in France [31], 26% in Euro Heart Survey [35], and
30% in EURO-ENDO [3].

The CCI is higher in the left-side IE, due to advanced age, more common arterial
hypertension and coronary heart disease, and extensive contact with the health care system.
Hemodialysis is a predominant comorbidity and predisposition in MIE, particularly AV-TV
and MV-TV, with mostly Staphylococcus and Enterococcus etiologies, because of health-
care-acquired IE [15].

We found higher 30-day mortality rates in multivalve IE versus single-valve IE, with-
out a statistical difference. The prognosis of MIE is unclear. A poor outcome has been
described in some studies [15,36–38] but not in others [13,39–41]. We found a significantly
higher mortality rate in AV-TV and CDRIE than in the other valve involvements, despite
the small number of patients in these groups. The most frequent complications were heart
failure, embolic events, impaired kidney function, and stroke, similar to the other studies.
We did not identify any difference in complication rates according to valve involvement,
except for septic shock. The significantly higher rate of septic shock in AV-TV correlates
with the higher mortality in this group. Septic shock is associated with high mortality in
IE [42,43]. We did not register any differences in 30-day mortality regarding the different
types of MIE.

5. Limitation

The study was retrospective and the data were based on the clinical database of
a single center. We did not use nuclear imaging diagnostics (18F-fluorodeoxyglucose
positron emission tomography or leucocyte scintigraphy) due to the unavailability of these
resources. This is a very important study, and major criteria for diagnosis, especially in
cases of prosthetic IE, and minor criteria for cases of extracardiac foci of infection were
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, and we do not
know what impact the different valve involvements had on late survival. Despite these
limitations, our study is the only such study performed in Bulgaria in the last several
decades, and it included a large number of patients over a long period of time (17 years).

6. Conclusions

In patients with IE in our region, the most affected valve is the aortic valve, either as a
single- or multivalve location; such patients also tend to be in older, with a high CCI, and
with mostly Staphylococcus or Enterococcus etiology. Multivalve aorto-tricuspid IE has the
worst prognosis, with a significantly high rate of septic shock and the highest in-hospital
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mortality. Knowing the specificities of IE according to the affected valve would help in
the more accurate selection of the initial empiric antibiotic treatment. More aggressive
therapeutic behavior and the decision for early surgical treatment in cases with poor
prognostic features would improve the prognosis for these patients.

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

Funding: This research has not received external funding.

Institutional Review Board Statement: This study was conducted with the consent of the Local
Ethics Committee (decision #2/09.03.2023) and in accordance with the principles of the Declaration
of Helsinki.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

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

References
1. Yang, X.; Chen, H.; Zhang, D.; Shen, L.; An, G.; Zhao, S. Global magnitude and temporal trend of infective endocarditis, 1990–2019:

Results from the Global Burden of Disease Study. Eur. J. Prev. Cardiol. 2022, 29, 1277–1286. [CrossRef] [PubMed]
2. Murdoch, D.R. Clinical Presentation, Etiology, and Outcome of Infective Endocarditis in the 21st Century. Arch. Intern. Med. 2009,

169, 463. [CrossRef] [PubMed]
3. Habib, G.; Erba, P.A.; 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]

4. Schranz, A.; Barocas, J.A. Infective Endocarditis in Persons Who Use Drugs. Infect. Dis. Clin. N. Am. 2020, 34, 479–493. [CrossRef]
[PubMed]

5. Rodger, L.; Shah, M.; Shojaei, E.; Hosseini, S.; Koivu, S.; Silverman, M. Recurrent Endocarditis in Persons Who Inject Drugs. Open
Forum Infect. Dis. 2019, 6, ofz396. [CrossRef] [PubMed]

6. Huang, G.; Barnes, E.W.; Peacock, J.E. Repeat Infective Endocarditis in Persons Who Inject Drugs: ‘Take Another Little Piece of
my Heart’. Open Forum Infect. Dis. 2018, 5, ofy304. [CrossRef]

7. Rodger, L.; Glockler-Lauf, S.D.; Shojaei, E.; Sherazi, A.; Hallam, B.; Koivu, S.; Gupta, K.; Hosseini-Moghaddam, S.M.; Silverman, M.
Clinical Characteristics and Factors Associated With Mortality in First-Episode Infective Endocarditis Among Persons Who Inject
Drugs. JAMA Netw. Open 2018, 1, e185220. [CrossRef]

8. Álvarez-Zaballos, S.; González-Ramallo, V.; Quintana, E.; Muñoz, P.; de la Villa-Martínez, S.; Fariñas, M.C.; Revillas, F.A.-D.L.;
de Alarcón, A.; Rodríguez-Esteban, M.; Miró, J.M.; et al. Multivalvular Endocarditis: A Rare Condition with Poor Prognosis. J.
Clin. Med. 2022, 11, 4736. [CrossRef] [PubMed]

9. Bohbot, Y.; Peugnet, F.; Lieu, A.; Carbone, A.; Mouhat, B.; Philip, M.; Gouriet, F.; Arregle, F.; Chevalier, F.; Diouf, M.; et al.
Characteristics and Prognosis of Patients With Left-Sided Native Bivalvular Infective Endocarditis. Can. J. Cardiol. 2021, 37,
292–299. [CrossRef]

10. Kadado, A.J.; Grewal, V.; Feghali, K.; Hernandez-Montfort, J. Triple-Valve Endocarditis in a Diabetic Patient: Case Report and
Literature Review. Curr. Cardiol. Rev. 2018, 14, 217–224. [CrossRef]

11. Bohbot, Y.; Habib, G.; Laroche, C.; Stöhr, 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]

12. Shmueli, H.; Thomas, F.; Flint, N.; Setia, G.; Janjic, A.; Siegel, R.J. Right-Sided Infective Endocarditis 2020: Challenges and Updates
in Diagnosis and Treatment. J. Am. Hear. Assoc. 2020, 9, e017293. [CrossRef] [PubMed]

13. Kim, N.; Lazar, J.M.; Cunha, B.A.; Liao, W.; Minnaganti, V. Multi-valvular endocarditis. Clin. Microbiol. Infect. 2000, 6, 207–212.
[CrossRef] [PubMed]

14. Selton-Suty, C.; the AEPEI Study Group; Doco-Lecompte, T.; Bernard, Y.; Duval, X.; Letranchant, L.; Delahaye, F.; Célard, M.; Alla, F.;
Carteaux, J.-P.; et al. Clinical and Microbiologic Features of Multivalvular Endocarditis. Curr. Infect. Dis. Rep. 2010, 12, 237–243.
[CrossRef] [PubMed]

15. López, J.; Revilla, A.; Vilacosta, I.; Sevilla, T.; García, H.; Gómez, I.; Pozo, E.; Sarriá, C.; Román, J.A.S. Multiple-Valve Infective
Endocarditis. Medicine 2011, 90, 231–236. [CrossRef] [PubMed]

https://doi.org/10.1093/eurjpc/zwab184
https://www.ncbi.nlm.nih.gov/pubmed/34739047
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/10.1016/j.idc.2020.06.004
https://www.ncbi.nlm.nih.gov/pubmed/32782097
https://doi.org/10.1093/ofid/ofz396
https://www.ncbi.nlm.nih.gov/pubmed/31660358
https://doi.org/10.1093/ofid/ofy304
https://doi.org/10.1001/jamanetworkopen.2018.5220
https://doi.org/10.3390/jcm11164736
https://www.ncbi.nlm.nih.gov/pubmed/36012974
https://doi.org/10.1016/j.cjca.2020.03.046
https://doi.org/10.2174/1573403X14666180522124621
https://doi.org/10.1002/ejhf.2525
https://www.ncbi.nlm.nih.gov/pubmed/35508915
https://doi.org/10.1161/JAHA.120.017293
https://www.ncbi.nlm.nih.gov/pubmed/32700630
https://doi.org/10.1046/j.1469-0691.2000.00065.x
https://www.ncbi.nlm.nih.gov/pubmed/11168109
https://doi.org/10.1007/s11908-010-0112-5
https://www.ncbi.nlm.nih.gov/pubmed/21308537
https://doi.org/10.1097/MD.0b013e318225dcb0
https://www.ncbi.nlm.nih.gov/pubmed/21694644


Microorganisms 2024, 12, 987 15 of 16

16. 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] [PubMed]

17. 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. J. Infect. Dis. 2022, 117, 312–321.
[CrossRef]

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]

19. 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–e86. [CrossRef]

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

21. 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]

22. Vahabi, A.; Gül, F.; Garakhanova, S.; Sipahi, H.; Sipahi, O.R. Pooled analysis of 1270 infective endocarditis cases in Turkey. J. Infect.
Dev. Ctries. 2019, 13, 93–100. [CrossRef]

23. Tran, H.M.; Truong, V.T.; Ngo, T.M.N.; Bui, Q.P.V.; Nguyen, H.C.; Le, T.T.Q.; Mazur, W.; Chung, E.; Cafardi, J.M.; Pham, K.P.N.; 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] [PubMed]

24. Rabinovich, S.; Evans, J.; Smith, I.M.; January, L.E. A Long-term View of Bacterial Endocarditis. Ann. Intern. Med. 1965, 63, 185.
[CrossRef] [PubMed]

25. Watt, G.; Lacroix, A.; Tattevin, P.; Fournier, P.-E.; Raoult, D.; Pachirat, O.; Baggett, H.C. Prospective Comparison of Infective
Endocarditis in Khon Kaen, Thailand and Rennes, France. Am. J. Trop. Med. Hyg. 2015, 92, 871–874. [CrossRef] [PubMed]

26. Arora, N.; Panda, P.K.; Cr, P.; 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 J. 2021, 73, 711–717. [CrossRef] [PubMed]

27. Barry, M.; Bari, S.A.; Akhtar, M.Y.; Al Nahdi, F.; Erlandez, R.; Al Khushail, A.; Al Hebaishi, Y. Clinical and Microbiological
Characteristics of Infective Endocarditis at a Cardiac Center in Saudi Arabia. J. Epidemiol. Glob. Health 2021, 11, 435–443. [CrossRef]
[PubMed]

28. Pericàs, J.M.; Llopis, J.; Athan, E.; Hernández-Meneses, M.; Hannan, M.M.; Murdoch, D.R.; Kanafani, Z.; Freiberger, T.; Strahilevitz, J.;
Fernández-Hidalgo, N.; et al. Prospective Cohort Study of Infective Endocarditis in People Who Inject Drugs. J. Am. Coll. Cardiol.
2021, 77, 544–555. [CrossRef] [PubMed]

29. Cassling, R.S.; Rogler, W.C.; McManus, B.M. Isolated pulmonic valve infective endocarditis: A diagnostically elusive entity. Am.
Heart J. 1985, 109, 558–567. [CrossRef]

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

31. 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]

32. Heredia-Rodríguez, M.; Hernández, A.; Bustamante-Munguira, J.; Álvarez, F.J.; Eiros, J.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]

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

34. Brink, F.S.v.D.; Swaans, M.J.; Hoogendijk, M.G.; Alipour, A.; Kelder, J.C.; Jaarsma, W.; Eefting, F.D.; Groenmeijer, B.; Kupper, A.J.F.;
Berg, J.M.T. Increased incidence of infective endocarditis after the 2009 European Society of Cardiology guideline update:
A nationwide study in the Netherlands. Eur. Hear. J. Qual. Care Clin. Outcomes 2017, 3, 141–147. [CrossRef] [PubMed]

35. Tornos, P. Infective endocarditis in Europe: Lessons from the Euro heart survey. Heart 2005, 91, 571–575. [CrossRef]
36. Gillinov, A.; Diaz, R.; Blackstone, E.H.; Pettersson, G.B.; Sabik, J.F.; Lytle, B.W.; Cosgrove, D.M. Double valve endocarditis. Ann.

Thorac. Surg. 2001, 71, 1874–1879. [CrossRef] [PubMed]
37. Casabé, J.H.; Deschle, H.; Cortés, C.; Stutzbach, P.; Hershson, A.; Nagel, C.; Guevara, E.; Torino, A.; Raffaelli, H.; Favaloro, R.R.; et al.

Predictores de mortalidad hospitalaria en 186 episodios de endocarditis infecciosa activa en un centro de tercer nivel (1992–2001).
Rev. Esp. Cardiol. 2003, 56, 578–585. [CrossRef]

38. Mihaljevic, T. Long-term results of multivalve surgery for infective multivalve endocarditis. Eur. J. Cardio-Thorac. Surg. 2001, 20,
842–846. [CrossRef]

39. Ota, T.; Gleason, T.G.; Salizzoni, S.; Wei, L.M.; Toyoda, Y.; Bermudez, C. Midterm Surgical Outcomes of Noncomplicated Active
Native Multivalve Endocarditis: Single-Center Experience. Ann. Thorac. Surg. 2011, 91, 1414–1419. [CrossRef]

40. Sheikh, A.M.; Elhenawy, A.M.; Maganti, M.; Armstrong, S.; David, T.E.; Feindel, C.M. Outcomes of double valve surgery for
active infective endocarditis. J. Thorac. Cardiovasc. Surg. 2009, 138, 69–75. [CrossRef]

https://doi.org/10.1016/0021-9681(87)90171-8
https://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1016/j.ijid.2022.02.022
https://doi.org/10.1016/j.cjco.2021.07.014
https://doi.org/10.1016/S2214-109X(21)00400-9
https://doi.org/10.1136/heartjnl-2020-317265
https://doi.org/10.1016/j.ijid.2015.01.003
https://www.ncbi.nlm.nih.gov/pubmed/25576825
https://doi.org/10.3855/jidc.10056
https://doi.org/10.1371/journal.pone.0189421
https://www.ncbi.nlm.nih.gov/pubmed/29240776
https://doi.org/10.7326/0003-4819-63-2-185
https://www.ncbi.nlm.nih.gov/pubmed/14318463
https://doi.org/10.4269/ajtmh.14-0689
https://www.ncbi.nlm.nih.gov/pubmed/25646262
https://doi.org/10.1016/j.ihj.2021.09.008
https://www.ncbi.nlm.nih.gov/pubmed/34861981
https://doi.org/10.1007/s44197-021-00013-5
https://www.ncbi.nlm.nih.gov/pubmed/34735715
https://doi.org/10.1016/j.jacc.2020.11.062
https://www.ncbi.nlm.nih.gov/pubmed/33538252
https://doi.org/10.1016/0002-8703(85)90563-0
https://doi.org/10.3389/fcvm.2022.789624
https://doi.org/10.1371/journal.pone.0223857
https://www.ncbi.nlm.nih.gov/pubmed/31652280
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://doi.org/10.1093/ehjqcco/qcw039
https://www.ncbi.nlm.nih.gov/pubmed/28927175
https://doi.org/10.1136/hrt.2003.032128
https://doi.org/10.1016/S0003-4975(01)02603-0
https://www.ncbi.nlm.nih.gov/pubmed/11426761
https://doi.org/10.1016/S0300-8932(03)76919-X
https://doi.org/10.1016/S1010-7940(01)00865-X
https://doi.org/10.1016/j.athoracsur.2010.12.004
https://doi.org/10.1016/j.jtcvs.2008.11.049


Microorganisms 2024, 12, 987 16 of 16

41. David, T.E.; Gavra, G.; Feindel, C.M.; Regesta, T.; Armstrong, S.; Maganti, M.D. Surgical treatment of active infective endocarditis:
A continued challenge. J. Thorac. Cardiovasc. Surg. 2007, 133, 144–149. [CrossRef]

42. Pericàs, J.M.; Hernández-Meneses, M.; Muñoz, P.; Álvarez-Uría, A.; Pinilla-Llorente, B.; de Alarcón, A.; Reviejo, K.; Fariñas, M.C.;
Falces, C.; Goikoetxea-Agirre, J.; et al. Outcomes and Risk Factors of Septic Shock in Patients With Infective Endocarditis:
A Prospective Cohort Study. Open Forum Infect. Dis. 2021, 8, ofab119. [CrossRef]

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

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/10.1016/j.jtcvs.2006.08.060
https://doi.org/10.1093/ofid/ofab119
https://doi.org/10.1093/eurheartj/ehs336

	Introduction 
	Materials and Methods 
	Definition and Classification of IE 
	Statistical Methods 

	Results 
	Discussion 
	Limitation 
	Conclusions 
	References

