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ABSTRACT

Objective: Infective endocarditis incidence has been rising in recent years, with high mor-
tality. Risk factors such as underlying heart diseases, chronic diseases, healthcare-associ-
ated infections, advanced age, and intravenous (IV) drug use have gained importance in
the incidence, the treatment approach, and the disease course. The aim of this study is to
contribute to Turkiye's data on infective endocarditis epidemiology and risk factors.

Materials and Methods: This study examined risk factors, diagnostic and treatment ap-
proaches, and prognosis of infective endocarditis cases at Pamukkale University Faculty of
Medicine Hospital. It was carried out prospectively for 28 months.

Results: During this period, 67 endocarditis cases were detected in 65 patients. Among car-
diac diseases, the rate of congenital heart diseases (41%), degenerative heart diseases (37%),
and acute rheumatic fever (ARF) related valvular heart disease (31%) were found to be
high. Hospitalization in the last six months (53.7%), history of cardiac surgery (41.8%), use
of IV catheters (22.4%), hemodialysis (14.9%) and IV drug use (7.5%) were also determined.
Staphylococci, streptococci, and enterococci were the primary agents. The most used em-
pirical treatments were ampicillin, ampicillin-sulbactam, and gentamicin. Natural valve
endocarditis was most determined. Surgical treatment was applied in 56.7% of endocarditis
cases. Septic embolism and cardiac failure were the most common complications.

Conclusion: This study's findings regarding the epidemiology and prognosis of infective en-
docarditis pointed out that it is still a disease with a high mortality rate.
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INTRODUCTION

nfective endocarditis is a clinical condition that

affects the endocardial surface of the heart, in-

volving natural or prosthetic heart valves and in-
tracardiac devices. It is a high-cost and high-mor-
tality infectious disease (1) with an increasing
incidence and is more frequently diagnosed with
advancing diagnostic methods. Along with well-de-
fined cardiac (previous endocarditis, presence of in-
tracardiac prosthetic materials, structural and con-
genital heart valve diseases) and non-cardiac (in-
travenous [IV] drug usage) predisposing risk factors
for infective endocarditis, various conditions such
as advanced age, chronic kidney failure, malignan-
cy, chronic diseases, hemodialysis, and receiving
healthcare have been reported as factors increas-
ing the risk of infective endocarditis recently. Fur-
thermore, the increased life expectancy with new
treatments for chronic diseases and malignancies,
as well as the application of advanced technology
and novel techniques in healthcare and surgical
procedures, have contributed to the increased inci-
dence of endocarditis (2, 3, 4). Infective endocarditis
is primarily caused by bacteria and fungi. The most
commonly identified pathogens are staphylococci,
viridans streptococci, and enterococci (5).

The diagnosis of infective endocarditis is based on
the modified Duke criteria, and bactericidal and
parenterally administered antimicrobial agents
should be chosen for treatment. Combination ther-
apy is preferred at the beginning of treatment (3).

HIGHLIGHTS

e Infective endocarditis is an infectious disease
with an increasing incidence and is more fre-
quently diagnosed with advancing diagnostic
methods. It is a high-cost and high-mortality in-
fection disease.

e The most commonly identified pathogens are
staphylococci, viridans streptococci, and entero-
coccl.

e Despite all the advancements in diagnosis and
treatment, the mortality of infective endocarditis
continues to remain high.
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Despite all the advancements in diagnosis and
treatment, the mortality of infective endocarditis
continues to remain high (1).

This prospective study presented the epidemiologi-
cal, clinical, laboratory, and prognostic characteris-
tics of patients diagnosed with infective endocardi-
tis at a university hospital, aiming to contribute to
Tlrkiye's data on infective endocarditis epidemiolo-
gy and risk factors.

MATERIALS AND METHODS

The study was conducted at Pamukkale University
School of Medicine Hospital, a tertiary care facility
with a capacity of 857 beds. Pamukkale University
School of Medicine Clinical Research Ethics Com-
mittee approved the study on September 25, 2018,
with decision number 18. Patients aged 18 and old-
er with a definite or possible diagnosis of infective
endocarditis were included in the study. The modi-
fied Duke criteria (definite/probable) were used for
the diagnosis of endocarditis (3). Patient data were
recorded prospectively.

As factors predisposing to endocarditis, the regis-
tration form included congenital and degenerative
heart diseases, as well as rheumatic heart dis-
ease-associated valve damage, prosthetic valves,
cardiac pacemakers, cardiac conditions, and
non-cardiac chronic diseases such as diabetes, hy-
pertension, chronic obstructive pulmonary disease,
prior cerebrovascular disease, cancer, chronic kid-
ney failure, and HIV infection. In cases of prosthetic
valve endocarditis, those occurring within the first
year after surgery were defined as early prosthetic
valve endocarditis, while those occurring after one
year were considered late prosthetic valve endocar-
ditis.

Cardiac and non-cardiac factors that could predis-
pose to endocarditis, such as the presence of intrac-
ardiac prosthetic devices, congenital and structural
heart valve diseases, IV drug usage, other comorbid-
ities, and probable causes of bacteremia, including
previous hospitalization, endoscopy, colonoscopy,
bronchoscopy, dental extractions within the past
six months, and a history of recent diarrhea within
one month before diagnosis, were recorded. Infec-
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tive endocarditis that developed in patients who
received healthcare and invasive procedures in the
last six months or after the patient's admission was
defined as healthcare-associated endocarditis (6).

C-reactive protein (CRP) elevation was considered
at 5 mg/L, and procalcitonin elevation was consid-
ered at 0.5 ng/mL and above. Blood cultures were
incubated using the BD BACTEC™ FX blood culture
system (BD Diagnostics, USA). Gram staining and
culturing on Columbia sheep blood agar and eosin
methylene blue media were performed on blood
culture bottles showing growth signals. Species
identification and antibiotic susceptibility results of
microorganisms were evaluated using the BD Phoe-
nix™ 100 system (BD Diagnostics, USA).

RESULTS

In our study, 67 cases of endocarditis were identified
in 65 patients between 2018 and 2021. Of these pa-
tients, 40 were male, and 25 were female. The mean
age of the patients was 52.5+14. Twenty-two (33%)
of the patients had underlying cardiac diseases that
predisposed them to infective endocarditis. Among
them, 7 (32%) had congenital heart disease, 8 (37%)
had degenerative heart diseases, and 6 (27%) had
heart valve diseases due to acute rheumatic fever.
In 1 (4%) patient, both congenital heart disease
and rheumatic heart valve disease were observed
together. Hypertension (30.8%) and chronic kidney
failure (20%) were the most common non-cardiac
comorbidities. When possible, sources of bactere-
mia that resulted in endocarditis were examined,
53.7% of the cases had a history of hospitalization
within the last six months, and 41.8% had a histo-
ry of prior cardiac surgery. Central venous cathe-
ter usage was present in 15 (22.4%) cases. The rate
of healthcare-associated endocarditis was 58.2%.
There were five cases with IV drug use.

Table 1 provides the patient's presenting com-
plaints and physical examination findings. The
most common presenting complaint and physical
examination finding was fever, which lasted an av-
erage of 21 days.

According to laboratory findings, the average CRP
was found to be 120.8+90.7 mg/L, and it was high in
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Table 1. Evaluation of the initial presenting complaint, physical
examination, and vital signs in infective endocarditis (n=67).

n (%)
Presenting Complaints
Fever 41 (61.2)
Shortness of breath 11 (16.4)
Weight loss 5(7.5)
Central nervous system signs 5(7.5)
Cough 4 (6)
Diarrhea 3(4.5)
Initial Physical Examination and Vital Signs
Fever 46 (68.7)
Heart murmurs 39 (58.2)
Splenomegaly 18 (26.9)
Janeway lesions 5(7.5)
Osler’s nodes 4 (6)
Roth spots (n=45) 1(1.5)

64 (95.5%) cases. Procalcitonin was examined in 42
cases, and it was high in 23 (54.8%) cases. Rheuma-
toid factor was tested in 35 cases and was positive
in 26 (74.2%) cases.

When imaging findings were evaluated, trans-
thoracic echocardiography revealed endocarditis
findings in 49 (73.1%) cases. Vegetations were pres-
ent in 43 (64.1%) cases. In three cases, there were
findings of calcification, aneurysm, and chordal
rupture in addition to vegetation. Imaging findings
other than vegetations included graft separation
in two cases and valve dysfunction in four cases.
Transesophageal echocardiography (TEE) was per-
formed in 40 (59.8%) cases. In 31 (46.3%) cases,
vegetation was present alone. In addition to vege-
tation, two cases out of five had ruptures, two had
dehiscence of the prosthetic valve, and one had
fistulas in the valves.

TEE was performed in 15 cases out of 18 with no
findings on transthoracic echocardiography (TTE).
In TEE, vegetation findings were detected in 14 cas-
es. Although there were findings on TTE, TEE was

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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also performed in 24 cases. In addition to TEE and
TTE vegetation findings, rupture was detected in
one attack, valve dehiscence was detected in one
attack, and valve fistula was detected in two cases.
In addition, cardiac magnetic resonance imaging
(MRI) was performed in two cases, and endocarditis
findings were detected in both. There was evidence
of endocarditis in five of the eight cases in which
leukocyte-labeled scintigraphy was performed.

Forty-three (64.1%) cases were native valve endo-
carditis and 24 (35.9%) were prosthetic valve en-
docarditis. Pacemaker involvement was in 2 (3%)
cases, and graft involvement was in 3 (4.5%) cases.
Valve involvements are specified in Table 2.

In 41 (61.2%) cases, the causative agent of endo-
carditis was identified through blood culture. In
two cases with negative blood cultures, growth
was observed in surgical cultures. One was MSSA
(methicillin-sensitive Staphylococcus aureus), and the
other was Klebsiella pneumoniae endocarditis. In 21
(31.3%) cases, the causative agent was staphylococ-
ci. Of these, 14 were S. aureus, and seven were co-
agulase-negative staphylococci. The blood culture
isolations are listed in Table 3.

Antibiotic treatment was initiated empirically in 46
(68.7%) cases, and in 21 (31.3%) cases, it was initi-
ated specifically based on the causative agent. Am-
picillin-sulbactam (IV ampicillin 2 g every 8 hours
and IV ampicillin-sulbactam 2 g every 8 hours) plus
gentamicin 3 mg/kg, vancomycin plus gentamicin,
or daptomycin 9 mg/kg plus gentamicin were used
in 23 (50%), 6 (13%), and 9 (19.5 %) cases, respec-
tively.  Vancomycin and daptomycin-containing
regimens were preferred mainly for healthcare-as-
sociated endocarditis.

Surgical treatment was performed in 38 (56.7%)
cases. Emergency surgery was performed in 3
(14.2%) of them, priority surgery was performed
in 11 (52.4%), and elective surgery was performed
In 7 (33.4%). Surgical complications occurred in 7
(18.4%) cases. Among these, 4 (57.2%) were cardiac
tamponade, 2 (28.5%) were paravalvular leaks, and
1 (14.3%) was a wound site infection. Complications
were identified in 44 (65.6%) cases. Among these, 33
(75%) had septic emboli, and 22 (50%) had cardiac
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Table 2. Distribution of valve involvements in infective endocarditis.

Endocarditis according to valve Natural valve Prc\)ls:IC:tic
involvement (n=43) (n=24)
Aortic valve 17 6
Mitral valve 10 11
Tricuspid valve 7 1
Aortic valve and mitral valve 5 0
No valve involvement detected 2 1
Right atrium 1 0
Pacemaker lead 1 1
Mitral valve and pacemaker lead 0 1
Endoleak graft 0 3
Mitral valve and tricuspid valve 0 1

complications. In 12 (27.3%) cases, multiple compli-
cations were identified.

Out of the 67 cases identified in 65 patients, 32
(49.2%) resulted in death within 180 days. Among
them, 3 (9.3%) were due to non-endocarditis-relat-
ed causes. The average time to death was 19 days.

DISCUSSION

The average age of infective endocarditis varies de-
pending on the development level of the countries.
In two multicenter studies in TUrkiye, covering the
years 2005 and 2012 and 2000 and 2013, with 248
and 325 patients, respectively, the average age was
47 years (7-8). In our study, the average age was
similarly found to be 52.5. The reason for infective
endocarditis occurring at a younger age in develop-
ing countries can be explained by the higher prev-
alence of congenital heart diseases and rheumatic
heart valve diseases, which predispose individuals
to endocarditis.

Similarly, in our country, heart valve diseases due
to acute rheumatic fever (ARF) are the first risk fac-
tor among cardiac risk factors (3). In this study, the
rate of valve disease due to ARF was 31%. There are
well-defined predisposing risk factors for infective
endocarditis, including the presence of intracardi-
ac prosthetic devices, history of previous infective
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endocarditis, structural or congenital heart valve
diseases and IV drug use. However, recent studies
have shown that the risk of infective endocarditis is
also high in patients with some comorbidities such
as advanced age, chronic kidney disease, malignan-
cy, solid organ or bone marrow transplantation,
or in patients having hemodialysis, or long-term
healthcare with IV catheterization.

When the relationship between chronic diseases
and endocarditis is examined, it is suggested that
hypertension may be associated with an increased
risk of endocarditis because of the chronic damage it
can cause to the valve structure and heart endothe-
lium (9). Chronic kidney failure can predispose indi-
viduals to endocarditis due to immunosuppression
caused by uremia and degenerative heart disease
with calcification of heart valves (10-11). Although
the exact mechanism by which those comorbidities
or interventions increase the risk of infective endo-
carditis is not fully understood, it is thought to be a
result of the endothelial damage they cause or the
frequency of bacteremia they increase.

Intravenous catheter usage is another factor that
can lead to the development of endocarditis in pa-
tients with kidney failure, and it has been shown
that there is a higher incidence of endocarditis in
patients with catheter usage compared to those
using fistulas (10), probably due to increased risk
of bacteremia among patients undergoing dialy-
sis via a central venous catheter. In our cases, the
most common chronic diseases were hypertension
and chronic kidney failure. Ten of the patients with
chronic kidney failure (80%) were undergoing he-
modialysis, and nine of them had central venous
hemodialysis catheters. Additionally, in individuals
using 1V drugs, the rate of endocarditis has been
found to be between 2% and 20%, and the risk of en-
docarditis is 20 times higher in IV drug users com-
pared to the general population (12). In the United
States, the rate of endocarditis among IV drug users
increased from 15.3% to 29.1% between 2010 and
2015. This increase has been associated with the
rising frequency of endocarditis among young indi-
viduals (13). Due to the direct endothelial damage
and thrombosis caused by drug use and the higher
bacterial load introduced into the systemic circu-
lation through contaminated injectors, right heart
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Table 3. Microbiological examination in infective endocarditis (n=67).

Blood Culture Results n (%)
Isolates with no growth 26 (38.8)
Staphylococci 19 (28.3)
Methicillin-sensitive S. aureus 9(13.4)
Methicillin-resistant S. aureus 3(4.5)
Methicillin-sensitive coagulase-negative staphylococci 2(3)
Methicillin-resistant coagulase-negative staphylococci 5(7.5)
Viridans streptococci 7 (10.4)
S. sanguinis 2(3)
S. mitis 3(4.5)
S. constellatus 1(1.5)
S. parasanguinis 1(1.5)
Enterococci 6(9)
E. faecalis 3(4.5)
E. faecium 2(3)
E. durans 1(1.5)
Brucella spp. 1(1.5)
Bacillus spp. 1(1.5)
Klebsiella spp. 1(1.5)
Stenotrophomonas maltophilia 1(1.5)
Escherichia coli 1(1.5)
C. albicans and E. faecium 1(1.5)
C. albicans and methicillin-resistant S. aureus 1(1.5)
C. lusitaniae 1(1.5)
C. parapsilosis 1(1.5)

involvement is more common in these patients (12).
In our study, the average age of the five patients
with IV drug use was found to be 26.2, and the rate
of tricuspid valve involvement was 60%.

When examining the relationship between endo-
carditis and healthcare, the frequency has been
reported to be between 10% and 34%, with the
majority of cases (84%) being catheter-related (6).
In this series, the rate of healthcare-associated
endocarditis was found to be 58.2%. Among those
associated with healthcare, 76.9% had a history of

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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hospitalization, 46.2% had a history of surgery in
the last six months, and 35.9% had central venous
catheter usage.

It is noted that fever is observed in approximately
90% of endocarditis patients and is the most com-
mon presenting symptom (14). In our study, the
number of patients with fever as a complaint was
41 (61.2%), and the number and rate of patients
with fever at admission were 46 (68.7%). The aver-
age duration of fever complaints was 21 days.

A study examining endocarditis laboratory find-
ings, showed that S. aureus was more frequent in
endocarditis cases with elevated CRP, procalcitonin
levels, and leukocytosis (15). Another study found
that procalcitonin levels were higher in those with
a preliminary diagnosis of endocarditis than in
those in whom endocarditis was excluded. In ad-
dition, increased procalcitonin levels were found to
be higher in patients with fever of 38°C and above,
patients with positive blood cultures, patients with
symptoms lasting less than five days, and patients
on immunosuppressives (16). In our study, 70% of
the cases in which elevated procalcitonin was de-
tected had bacteremia.

The preferred initial imaging method for patients
suspected of endocarditis is transthoracic echo-
cardiography, which is as sensitive as TEE for de-
tecting natural valve endocarditis (17). One study
noted that TTE has suboptimal vegetation detec-
tion sensitivity but a high negative predictive value
(18).In this study, the rate of detecting endocarditis
findings with TTE was 78.6% in natural valves, 100%
in early prosthetic valves, 60% in late prosthetic
valves, and 50% in graft and pacemaker infections.
Technically, TTE may be inadequate in approxi-
mately 20% of obese patients, those with chest wall
abnormalities, and those with chronic lung diseas-
es (19-20). In our cases, 93.3% of patients who did
not have endocarditis findings on TTE were found
to have findings on TEE. Therefore, although TTE is
the preferred imaging method for endocarditis, TEE
can be useful for diagnosing cases of suspected en-
docarditis.

A multicenter study involving 25 developed and de-
veloping countries, found culture positivity in 90%
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of cases (21). In a study conducted in TUrkiye, the
positivity rate for blood cultures was 65% (7). In this
study, similarly, causative agents were identified in
61.2% of cases (43 cases), while no causative agent
was found in 38.8% (26 cases). The most commonly
identified agent was S. aureus, which is consistent
with the literature. Due to its preventive effect on
complications such as sepsis and endocarditis-re-
lated septic embolism in infective endocarditis, it is
recommended to start antibiotic treatment imme-
diately after blood cultures are taken (22). The na-
tional consensus guideline recommends the com-
bination of ampicillin-sulbactam 12 g and gentami-
cin 3 mg/kg for community-acquired endocarditis
(3). However, the maximum dose for sulbactam is
stated as 4 g. In this study, we administered empir-
ical treatment to 50% of the patients in four equal
doses, with a total dose of 12 g of ampicillin and
3 g of sulbactam. 69.5% of patients receiving this
combination therapy had community-acquired en-
docarditis. Treatment was changed according to the
microorganism growing in 55% of these patients.

Surgery is another component of treatment for en-
docarditis. In this study, the surgical procedure was
performed in 56.7% of the cases, and 29.8% of were
operated on within the first seven days. Studies ex-
amining the effect of surgical treatment on mortal-
ity found that it reduced mortality when compar-
ing those who received only medical treatment and
those who received medical treatment together
with surgery (21). In this study, the most common
reasons for surgery were found to be heart failure
(32.8%) and septic embolism (14.9%); surgical com-
plications were 18.4%. The mortality rate after sur-
gery was found to be 36.8%.

Septic embolism was our study’s most frequently
detected complication, with 50.7%. Embolism was
most frequently detected in the cerebral (26.3%),
spleen (6.8%) and lungs (6.1%) (23). Central nervous
system embolism rates were similarly determined
26.8% in this study.

We found a higher mortality rate than the nation-
al consensus report (3). The reasons for the high
mortality may be the high rate of central venous
catheter use in our study, the high rate of health-
care-associated infections, and the fact that the
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most common cause of bacteremia is staphylococ-
ci. It can also be considered that the study was con-
ducted during the COVID-19 pandemic period.

In conclusion, after examining cases in the first six
months, our findings regarding the epidemiology

Infect Dis Clin Microbiol 2024; 6(2): 133-40

and prognosis of infective endocarditis pointed out
that it is still a disease with a high mortality rate.
To reduce mortality, preventing healthcare-associ-
ated infections and managing medical and surgical
treatment for endocarditis in a multidisciplinary
manner are believed to be beneficial.
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