
    ORIGINAL ARTICLE          

© 2023 JOURNAL OF THE MEDICAL ASSOCIATION OF THAILAND 266

Infective endocarditis (IE), an infection of 
endocardium is an uncommon, but serious disease. 
The clinical presentation can be fever, heart murmurs, 
embolic phenomena, and/or heart failure. Vegetations 
may lead to a variety of dreadful complications, such 
as valvular incompetence or obstruction, perforation, 
pseudoaneurysm, and perivalvular abscess. The 
diagnosis of IE may be challenging, and the mortality 

rate remains high with 14% to 22% in-hospital 
mortality rates(1). Damlin et al. reported the in-hospital 
mortality rate among patients with IE of 7%(2). 
Aortic, mitral, tricuspid, and pulmonic valve IE were 
reported in 39%, 40%, 22%, and 2%, respectively. 
Regarding the causative microorganisms of IE, it 
has changed over time. Historically, streptococcal 
species, especially from oral cavity flora, have 
been the prevalent bacterial pathogen. Nowadays, 
staphylococcal species represent a sizable proportion 
of IE cases. Furthermore, patients with advanced age, 
renal failure, and prosthetic valves are the majority 
of patients. The aims of the study were to evaluate 
the predictors of the in-hospital mortality in patients 
hospitalized for IE and the factors associated with 
microorganisms.

Materials and Methods
The present study was a retrospective cohort 
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study in adult patients with the diagnosis of IE by 
modified Duke’s criteria admitted between December 
2014 and April 2020 at Siriraj Hospital, the largest 
tertiary referral center and medical school in Thailand. 
The medical records were retrospectively reviewed. 
The diagnosis of IE was identified from the computer 
record using ICD-10 I33.0 as the diagnostic code. The 
exclusion criteria were nosocomial IE, defined as IE 
diagnosed after 48 hours of admission, and patients 
with incomplete data. The clinical characteristics, 
basic blood chemistry, microbiological profile, 
valvular complications, heart failure, embolic 
phenomenon, echocardiographic findings, and 
outcomes were collected from the medical records, 
recorded, and statistically analyzed. The types of 
IE were classified as native valve IE (NVE) and 
prosthetic valve IE (PVE). Renal insufficiency was 
defined as the estimated glomerular filtration rate 
on admission of less than 15 mL/minute/1.73 m². 
The primary outcome was the in-hospital mortality. 
The present study was approved by the Institutional 
Review Board of the Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok, Thailand 
(037/2564).

Statistical analysis
Data analyses were performed, using IBM 

SPSS Statistics, version 23.0 (IBM Corp., Armonk, 
NY, USA). Descriptive statistics were used to 
summarize patient demographics and baseline 
characteristics. Categorical variables were reported 
as frequency and percentage. Quantitative variables 
were reported as mean ± standard deviation in the 
normal distribution, and median or interquartile range 
in the skewed distribution. To evaluate factors that are 
associated with in-hospital mortality, the chi-square 
test or Fisher’s exact test was performed, while the 

quantitative factors employed the Independence 
sample t-test or Mann-Whitney U test. Variables 
with p-value less than 0.05 were further analyzed 
for independent association with mortality using 
multiple logistic regression. The results were reported 
as adjusted odds ratio (aOR) and 95% confidence 
interval (CI). A p-value of less than 0.05 was 
considered statistically significant.

Results
One hundred thirty-nine patients, aged 54.4±15.9 

years with 62.6% male, enrolled in the present study. 
The mean hospital stay was 29 days. The three most 
common pathogens were Streptococcus spp. at 50.4%, 
culture negative IE at 16.5%, and Staphylococcus 
aureus (S. aureus) at 12.2%. No fungal IE was 
reported. Streptococcus spp. was significantly more 
common in NVE (p=0.017) and mitral valve IE 
(p=0.042). Baseline characteristics and causative 
pathogens of the present study population and those 
with and without the in-hospital mortality are shown 
in Table 1 and 2, respectively.

The echocardiographic findings showed that 
mean left ventricular ejection fraction in dead and 
alive groups were 60.0±14.8% and 63.6±12.8%, 
respectively (p=0.227). There was no statistically 
significant difference between the two groups 
regarding left atrial volume index, mean pulmonary 
artery pressure, and tricuspid annular plane systolic 
excursion. The most common complication was 
heart failure at 43.9%, followed by embolic stroke 
at 12.2%. Emergent or urgent valve surgery was 
performed in 63 patients or 45.3%. Aortic, mitral, 
and multi-valve involvement of IE were reported in 
53.3%, 49.6%, and 10.1%, respectively. The mean 
vegetation size was 11.2 mm. Valvular complications 
were detected in 40.3%, which were perforation, 

Table 1. Baseline characteristics of patients with infective endocarditis and the comparison between dead and alive patients

All (n=139) Dead (n=25) Alive (n=114) p-value

Age (years); mean±SD 54.4±15.9 59.4±15.1 53.4±16.0 0.084

Female sex; n (%) 52 (37.4) 12 (48.0) 40 (35.1) 0.227

Native valve endocarditis; n (%) 108 (77.7) 20 (80.0) 88 (77.2) 0.760

Hypertension; n (%) 64 (46.0) 18 (72.0) 46 (40.4) 0.004

Previous infective endocarditis; n (%) 13 (9.4) 3 (12.0) 10 (8.8) 0.703

Previous valvular disease; n (%) 52 (37.4) 13 (52.0) 39 (34.2) 0.096

Atrial fibrillation; n (%) 16 (11.5) 6 (24.0) 10 (8.8) 0.042

Renal insufficiency; n (%) 21 (15.1) 11 (44.0) 10 (8.8) <0.001

eGFR (mL/min/1.73 m²); median (IQR) 74.9 (28.7, 96.8) 25.3 (8.1, 77.4) 82.1 (47.2, 98.8) 0.001

Albumin (g/dL); median (IQR) 3.1 (2.8, 3.5) 2.9 (2.4, 3.2) 3.2 (2.9, 3.5) 0.008

eGFR=estimated glomerular filtration rate; IQR=interquartile range; SD=standard deviation
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pseudoaneurysm, and perivalvular abscess in 30.2%, 
8.6%, and 7.9%, respectively. Table 3 and 4 show 
the echocardiographic findings and outcomes, 
respectively.

The proportion of the cause of death was almost 
equal between non-cardiac at 56% and cardiac causes 
at 44%. The in-hospital mortality rate was 19.4% and 
significantly higher in older age (aOR 1.05, 95% 
CI 1.003 to 1.11), renal insufficiency (aOR 21.37, 
95% CI 3.95 to 115.57), and higher pulmonary 
artery systolic pressure (aOR 1.008, 95% CI 1.03 to 
1.13). Table 5 shows the univariate and multivariate 

analyses of the in-hospital mortality. The associations 
between clinical parameters and microorganisms are 
demonstrated in Table 6.

Discussion
The in-hospital mortality rate in the present study 

was 19.4%, which was slightly higher than those 
reported in the previous studies from Thailand(3,4). 
However, previous studies from developing countries 
showed a mortality rate of IE that was high, ranging 
from 24% to 46%(5). The present study revealed that 
the in-hospital mortality was significantly higher in 

Table 2. Causative pathogens of infective endocarditis in all patients and the comparison between those in dead and alive patients

All (n=139); n (%) Dead (n=25); n (%) Alive (n=114); n (%) p-value

Streptococcus spp. 70 (50.4) 9 (36.0) 61 (53.5) 0.127

No organism identified 23 (16.5) 2 (8.0) 21 (18.4) 0.250

Staphylococcus aureus 17 (12.2) 4 (16.0) 13 (11.4) 0.509

Enterococcus spp. 12 (8.6) 6 (24.0) 6 (5.3) 0.008

Coagulase-negative staphylococci 10 (7.2) 3 (12.0) 7 (6.1) 0.386

Gram negative organisms 6 (4.3) 0 (0.0) 6 (5.3) 0.591

Other gram positive organism 1 (0.7) 1 (4.0) 0 (0.0) 0.180

 

Table 3. The echocardiographic findings in patients with infective endocarditis and the comparison between dead and alive patients

All (n=139) Dead (n=25) Alive (n=114) p-value

LVEF (%); mean±SD 62.9±13.2 60.0±14.8 63.6±12.8 0.227

LA volume index (mL/m²); median (IQR) 48.8 (36.8, 65.5) 55.2 (42.7, 75.4) 47.8 (36.4, 64.1) 0.142

RVSP (mmHg); mean±SD 50.8±18.1 60.1±22.2 49.0±16.7 0.024

mPAP (mmHg); mean±SD 32.5±10.1 35.5±12.4 31.8±9.5 0.192

TAPSE (mm); mean±SD 21.0±5.5 18.1±5.5 21.6±5.3 0.011

Number of vegetation; n (%) 0.505

No 32 (23.0) 6 (24.0) 26 (22.8)

Single 79 (56.8) 12 (48.0) 67 (58.8)

Multiple 28 (20.1) 7 (28.0) 21 (18.4)

Mitral valve IE; n (%) 68 (49.6) 12 (50.0) 56 (49.6) 1.000

Aortic valve IE; n (%) 73 (53.3) 12 (50.0) 61 (54.0) 0.722

Multi-valve involvement; n (%) 14 (10.1) 4 (16.0) 10 (8.8) 0.201 

IE=infective endocarditis; IQR=interquartile range; LA=left atrium; LVEF=left ventricular ejection fraction; mPAP=mean pulmonary artery pressure; 
RVSP=right ventricular systolic pressure; SD=standard deviation; TAPSE=tricuspid annular plane systolic excursion

Table 4. The in-hospital adverse outcomes of patients with infective endocarditis and the comparison between dead and alive patients

All (n=139); n (%) Dead (n=25); n (%) Alive (n=114); n (%) p-value

Heart failure 61 (43.9) 16 (64.0) 45 (39.5) 0.025

Embolic stroke 17 (12.2) 3 (12.0) 14 (12.3) 1.000

Valvular complications 56 (40.3) 14 (56.0) 42 (36.8)  0.077

Perforation 42 (30.2) 9 (36.0) 33 (28.9) 0.487

Pseudoaneurysm 12 (8.6) 4 (16.0) 8 (7.0) 0.228

Perivalvular abscess 11 (7.9) 2 (8.0) 9 (7.9) 1.000

Surgery 63 (45.3) 8 (32.0) 55 (48.2) 0.139
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the elderly, patients with renal insufficiency, and/or 
high pulmonary artery systolic pressure. Similarly, 
the mortality rate increased progressively with age, 
up from 50 years(6). Aging is associated with higher 
prevalence of predisposing degenerative valve 
diseases and multiple comorbidities and increases 
the risk of death associated with IE. A prospective 
observational cohort study from Spain involving 
patients with NVE found the female gender was a 
predictor of death in the univariate analysis but not 
in the multivariate analysis(7). The result from the 
present study showed no association between gender 
and the in-hospital mortality.

Prior study demonstrated that the type of 
pathogen and mortality were related, including 
the higher mortality in S. aureus IE(8,9). However, 
S. aureus was always the most common pathogen 
in these studies. In contrast, the most common 
pathogens in the present study were Streptococci, 
followed by culture-negative IE. S. aureus is not 
independently associated with increased mortality, 
while Enterococci is associated with higher mortality 

with a 5.7-fold risk in the univariate analysis, but 
the association was insignificant in the multivariate 
analysis. However, the explanation may be that 
Enterococci infection increased in prevalence in the 
elderly with multiple comorbidities.

In addition, previous studies revealed that 
renal insufficiency was the strong predictor of 
mortality(10,11). The results of the present study 
demonstrated that the mortality among patients 
with IE is significantly higher in patients with 
renal insufficiency. The explanations might be 
related to the pathogen as the greater severity of IE 
due to S. aureus(12) and tubular toxicity caused by 
mitochondrial damage(13). Tokarski et al. found that 
acute kidney injury was common in IE and most often 
associated with non-modifiable factors, including 
S. aureus infection(14).

Heart failure has been found to be a marker 
for increased mortality in most studies(8). However, 
neither heart failure nor valvular complications show 
the statistical significance in the mortality rate in the 
present study. An explanation is that heart failure 

Table 5. Univariate and multivariate analyses of the in-hospital mortality 

Factors Univariate Multivariate

Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.027 (0.996 to 1.058) 0.087 1.054 (1.003 to 1.107) 0.037

Female gender 1.708 (0.713 to 4.092) 0.230

Hypertension 3.801 (1.470 to 9.827) 0.006

Renal insufficiency 8.171 (2.940 to 22.709) <0.001 21.367 (3.951 to 115.572) <0.001

Atrial fibrillation 3.284 (1.067 to 10.107) 0.038

Albumin 0.282 (0.113 to 0.704) 0.007

Enterococcus spp. 5.684 (1.658 to 19.489) 0.006

RVSP 1.032 (1.003 to 1.063) 0.030 1.078 (1.028 to 1.130) 0.002

Heart failure 2.726 (1.110 to 6.697) 0.029

Valvular complications 2.182 (0.908 to 5.242) 0.081

CI=confidence interval; OR=odds ratio; RVSP=right ventricular systolic pressure

Table 6. The association between clinical parameters and microorganisms

All (n=97) Staphylococcus spp. (n=27) Streptococcus spp. (n=70) p-value

Native valve IE; n (%) 80 (82.5) 18 (66.7) 62 (88.6) 0.017

Age (years); mean±SD 54.9±15.2 53.7±13.1 55.3±16.0 0.628

Multiple vegetations; n (%) 22 (28.6) 7 (35.0) 15 (26.3) 0.460

Mitral valve IE; n (%) 52 (53.6) 10 (37.0) 42 (60.0) 0.042

Aortic valve IE; n (%) 45 (46.4) 15 (55.6) 30 (42.9) 0.261

Tricuspid valve IE; n (%) 4 (4.1) 3 (11.1) 1 (1.4) 0.064

Pulmonic valve IE; n (%) 4 (4.1) 0 (0.0) 4 (5.7) 0.573

Multi-valvular involvement; n (%) 9 (9.3) 2 (7.4) 7 (10.0) 0.708

Valvular complications; n (%) 36 (37.1) 12 (44.4) 24 (34.3) 0.353

IE=infective endocarditis; SD=standard deviation
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at admission, when due to treatable disorders such 
as arrhythmia, fluid overload, may be controlled 
by medical treatment and the patients receive the 
standard treatment from specialist in the tertiary-care 
hospital.

Regarding the echocardiographic predictor of 
adverse events in patients with IE, vegetation size 
of more than 10 mm had been reported to predict 
the higher risk of embolization. However, the 
echocardiographic characteristics of vegetations 
were not the predictor of mortality(8). In the present 
study, the mean vegetation size was 11.2 mm with no 
association with the in-hospital mortality. In addition, 
the authors investigated the echocardiographic 
parameters, including the numbers of vegetation 
and affected valve, valve location, left ventricular 
ejection fraction, left atrial volume index, pulmonary 
artery pressure, and tricuspid annular plane systolic 
excursion. The results showed that only high 
pulmonary artery systolic pressure is associated with 
the in-hospital mortality. 

Limitation
The present study has limitations. The diagnosis 

of IE was established based on the modified Duke’s 
criteria and mentioned in the final ICD-10 diagnosis. 
The nature of retrospective study has its own 
limitations. It is also a single-center study in a large 
tertiary referral center and medical school. Patients 
with nosocomial IE were excluded from the study 
due to the different patient setting. The external 
validation of the study results in a different population 
was not performed. Therefore, the findings may have 
referral biases and may not be applied to the general 
population.

Conclusion
IE is a serious disease with an increased 

cumulative incidence and mortality rate. To know 
the factors associated with mortality is important. 
From the present study, the predictors of the in-
hospital mortality in patients with IE were age, renal 
insufficiency, and high pulmonary artery systolic 
pressure.

What is already known on this topic?
IE remains a serious cardiac disease with high 

overall mortality.

What does this study add?
Age, renal insufficiency, and high pulmonary 

artery systolic pressure are prognostic factors of 

poor outcome.
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