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Abstract
Background: Measurement of cardiac troponin (cTn) levels in blood is standard for diagnosis and risk stratification in cardiac emergencies. Our 

aim is to investigate the causes, the link with the underlying coronary artery disease and prognostic value of cTn release in infective endocarditis 
(IE).

Method: Eighty-six consecutive patients hospitalized for acute IE, with at least one cTn drawn and a coronary angiogram performed, were re-
viewed retrospectively. Factors related to the increase of cTn above the 99th percentile or above 10 times normal (>10N), as well as their prognostic 
impact, were assessed.

Results: The mean patient age was 63 +/ 14 years, the majority were men (n=68, 79%) with staphylococcus IE (n=34, 40%). Cardiac troponins 
were elevated above the 99th percentile for 74 (86%) patients and >10 N for 25 (29%) patients. There was no statistically significant correlation be-
tween elevated cTn and the presence of an underlying coronary artery disease. Cardiac troponin elevation above the 99th percentile was significant-
ly associated with impaired renal function (p=0.04) and staphylococcus infection (p=0.02). A rise of cTn >10N was significantly associated with acute 
pulmonary edema (p=0.001), myocardial abscess (p=0.01), staphylococcus (p=0.0004), streptococcus (p=0.008), and renal function (p=0.0001). 
The average follow-up period was 919+/-816 days, and an elevation of cTn>10 N had a clear prognostic impact (HR 2.38, 95%CI 1.18-4.84, p=0.01).

Conclusion: Troponin elevation in IE is frequent and appears to be related to direct and indirect myocardial injury. It is associated with a poor 
prognosis.
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Background 

Infective endocarditis (IE) is a rare but serious disease. Patients 
are often referred to intensive cardiac care units, where diagnostic  

 
tests are performed. While echocardiography and blood cultures are 
the cornerstone of diagnosis, many biomarkers can be referenced, 
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such as cardiac troponin (cTn) [1]. The troponin complex is 
composed of 3 subunits: troponin C, troponin I (cTnI), and troponin 
T (cTnT), which are located on the thin filament (actin) of the 
contractile system of striated skeletal and cardiac muscles. These 
proteins are involved in regulating muscle contraction. Myocardial 
cell injury results in the release of cTnI and cTnT. It has been 
demonstrated that elevated levels of these isoforms are associated 
with increased mortality in acute coronary syndrome, pulmonary 
embolism, heart failure, and chronic renal failure.

Upon admission to intensive cardiac care units, it is common 
practice to determine plasma levels of cTn. In IE, the result of this test 
is often difficult to interpret and can lead to diagnostic confusion, 
especially with acute coronary syndromes. The aim of this work is 
to investigate the causes of cTn elevation during IE, particularly the 
potential link to underlying coronary artery disease.

Materiel and Method

Study population

We performed a retrospective review of all hospital records 
from consecutive patients hospitalized in the Toulouse University 
Hospital Center between March 2013 and December 2016 with 
proven IE (according to the Duke criteria), and a potential indication 
for cardiac surgery [1]. Among these patients, only patients with a 
cTn assay performed upon admission and a coronary angiogram 
performed before discharge were considered for this study. 
Patients with infective right heart IE secondary to a pacemaker 
or implantable endocardiac defibrillator infection, as well as 
patients with IE on left ventricular assist devices were excluded. 
Microorganisms were proven via blood cultures, in accordance with 
the current guidelines of the European Society of Cardiology [1]. In 
cases of negative blood cultures, serologic tests for rare causes of IE 
were performed.

All patients were assessed via transesophageal 
echocardiography. Ultrasound data included description of valvular 
lesions, presence or absence of severe valvular regurgitation, 
presence of valvular abscess, and left ventricular ejection fraction 
using the Simpson biplane method. Severe regurgitation was 
defined according to the current guidelines [2]. An abscess was 
defined as a thickened, non-homogeneous perivalvular area with 
an echodense or echolucent appearance [3]. All patients underwent 
cerebral imaging (computed tomography angiography or magnetic 
resonance imaging) to assess neurological complications. 
Glomerular filtration rate (GFR) was calculated using the Cockcroft–
Gault formula according to sex.

Determining troponin levels

The cTn assay was performed during the acute phase of 
IE, as part of a protocolized admission blood test. From March 
through December 2013, cTnI ultra-sensitive (ADVIA Centaur 
immunoassay, Siemens) was used, and from January 2014 through 

December 2016, cTnT high-sensitive (electrochemiluminescence 
immunoassay, ROCHE) was used. Troponin was considered positive 
when its blood levels were elevated above the 99th percentile 
upper reference limit, thus cTn T was considered positive if it was 
> 14 ng / L, and cTn I was considered positive if it was > 0.05 μg 
/ L. Receiver operating curve (ROC) was performed for assessing 
the best cut-off of troponin for predicting the primary endpoint. A 
threshold of 10 times normal (10N) was then added, means > 140 
ng / L for cTnT and > 0.5 μg / L for cTnI.

Coronary angiography

Coronary angiography was performed mainly because of the 
need for surgical management of IE, according to the guidelines [1], 
as a systematic part of presurgical assessment. All exams were blind 
reviewed for the study by the same person. Coronary stenosis was 
considered significant in the presence of coronary artery stenosis 
> 70% or > 50% for the left main coronary. Three-vessel disease 
was related to the presence of significant stenosis of the three main 
coronary arteries.

Outcomes

The primary endpoint of the study was the incidence of all 
causes of death during follow-up. Clinical event data were collected 
during the follow-up period for all patients by reviewing medical 
files and by phone contact with patients, relative or general 
practitioner.

Ethical statement

All procedures in studies involving human participants 
were performed in accordance with the ethical standards of the 
institutional and/or national research committee and with the 
1964 Helsinki declaration and its later amendments or comparable 
ethical standards. Informed oral consent was obtained from all 
individual participants included in the study, in accordance with 
the French Data Protection Authority (Commission Nationale de 
l’Informatique et des Libertés, CNIL n° 2206723).

Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation. Nominal values were expressed as numbers and 
percentages. Categorical differences between groups were 
evaluated using the chi-2 test or the Fisher exact test (for small 
sample sizes). A value of p<0.05 was considered significant. Kaplan-
Meier survival curves and log-rank values were used to assess 
survival in subgroups. Univariate Cox regression analysis was 
performed to assess the association of the variables with long-term 
mortality. Variables that were significant in the univariate analysis 
were analyzed using the multivariate Cox regression model. Results 
of the Cox regression analysis were reported with hazards ratios 
(HR) and 95% confidence intervals (CI). Statistics were analyzed 
using XLSTAT v2019.1 (Addinsoft, Paris, FR).
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Result
Population characteristics

Eighty-six patients hospitalized for IE with surgical indication, 
between March 2013 and December 2016 at Toulouse University 
Hospital, underwent a coronary angiography as a part of presurgical 

assessment, had a cTn assay upon admission and were included 
in this study. Mean age was 63±14 years, and 68 patients (79%) 
were men. From a microbiology perspective, 35 patients (40%) 
presented with Staphylococcal IE, 29 (33%) with Streptococcus, 12 
(14%) with Enterococcus, and 5 patients (5%) had no identified 
germs (Table 1).

Table 1: Patient characteristics.

 Negative 
troponin n=12

Positive troponin 
n=74 P Troponin 

<10N n=61
Troponin>10N 

n=25 P

Mean age (years +/- standard deviation) 68+/-13 62+/-14 0.1 60+/-14 67+/-11 0.1

Male gender (n, %) 8 (66%) 60 (81%) 0.24 51 (83%) 17 (68%) 0.14

BMI (mean, +/- standard deviation) 24+/-15 26+/-4 0.28 25+/-4 27+/-5 0.01

Mean GFR (ml / min +/- standard deviation) 85+/-19 60+/-30 0.04 77+/-27 47+/-27 0.0001

Mean LVEF (%, +/- standard deviation) 58+/-4 56+/-12 0.9 57+/-12 55+/-11 0.42

CRP (mean, +/- standard deviation) 107+/-100 139+/-79 0.12 131+/-83 141+/-85 0.66

Cardiovascular Risk Factors

Hypertension (n, %) 2 (16%) 24 (32%) 0.32 15 (24%) 11 (44%) 0.09

Diabetes (n, %) 3 (25%) 22 (29%) 1 19 (31%) 6 (24%) 0.79

Dyslipidemia (n, %) 1 (8%) 11 (14%) 0.41 9 (14%) 5 (20%) 0.52

Family history of heart disease (n, %) 0 (0%) 6 (8%) 0.58 5 (8%) 1 (4%) 0.85

Tobacco (n, %) 2 (16%) 21 (28%) 0.49 13 (21%) 10 (40%) 0.1

Known CAD (n, %) 0 (0%) 10 (13%) 0.34 6 (9%) 4 (16%) 0.61

Microbiological Diagnosis

Staphylococcus (n, %) 1 (8%) 33 (44%) 0.02 17 (27%) 17 (68%) 0.0004

Streptococcus (n, %) 6 (50%) 23 (31%) 0.32 26 (44%) 3 (12%) 0.008

Enterococcus (n, %) 3 (25%) 7 (9%) 0.14 9 (14%) 1 (4%) 0.32

Location Valve

Aortic (n, %) 6 (50%) 44 (59%) 0.53 36 (59%) 14 (56%) 1

Mitral (n, %) 5 (41%) 41 (55%) 0.37 32 (52%) 14 (56%) 0.62

Tricuspid (n, %) 1 (8%) 3 (4%) 0.92 4 (6%) 0 (0%) 0.19

BMI: Body Mass Index; GFR: glomerular filtration rate; LVEF: left ventricular ejection fraction; CRP: C-reactive protein; CAD: Coronary 
artery disease.

Regarding the complications of IE, 29 patients (33%) presented 
with acute pulmonary edema, 14 (6%) with cardiogenic shock, 22 
(25%) presented with AF, 22 (13%) with type 3 atrioventricular 
block, and 36 (41%) with ischemic stroke. Forty-five patients 
(51%) had an abscess (Table 2).

All patients included in the study had an indication for surgical 
management, and 75 (86%) underwent surgery. The indication for 
surgical management was secondary to hemodynamic failure for 
50 patients (57%), uncontrolled sepsis in 52 patients (59%), and 
high embolic risk in 32 patients (37%).

Table 2: Troponin elevation and complications of infective endocarditis.

Negative troponin 
n=12

Positive troponin 
n=74 P Troponin <10N 

N=61
Troponin>10N 

N=25 P

Cardiogenic shock (n, %) 0 (0%) 14 (18%) 0.2 9 (14%) 5 (20%) 0.6

Atrial fibrillation (n, %) 2 (16%) 19 (25%) 0.72 17 (27%) 4 (16%) 0.56

Acute pulmonary edema (n, %) 1 (8%) 27 (36%) 0.09 14 (22%) 14 (56%) 0.001

Severe valve regurgitation (n, %) 6 (50%) 44 (59%) 0.64 36 (59%) 14 (56%) 0.9

Abscess (n, %) 5 (41%) 37 (50%) 0.72 26 (42%) 16 (64%) 0.01

Ischemic stroke (n, %) 3 (25%) 32 (43%) 0.22 22 (36%) 13 (52%) 0.1
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Elevation of troponin above the 99th percentile

Seventy-four (86%) patients had elevated cTn levels above the 
99th percentile upper reference limit. The cTnT assay involved 74 
patients (86%), and cTnI was performed on 12 patients (14%). 
The mean rate of cTn T was 314 ng/l, and 0.33 μg/L for cTn I. The 
presence of cTn was significantly associated with impaired renal 
function (GFR 60+/-30 ml/min vs. 85+/-19 ml/min, p=0.04) 
and the presence of Staphylococcus (n=33 (44%)) vs. (n=1 (8%) 
p=0.02).

Elevation of troponin greater than ten times normal 
levels

Twenty-five (29%) patients had an elevation of cTn>10N. There 
was a statistically significant relationship with a high BMI (27+/-
5 vs. 25+/-4; p=0.01), impaired renal function, (GFR 47+/-27ml/

min vs. 77+/-27 ml/min, p=0.0001), staphylococcal infection (n=17 
(68%), vs. n=17 (27%); p=0.0004) and Streptococcus infection 
(n=26 (44 %) vs. n=3 (12%), p=0.008).Regarding IE complications, 
there was a significant association between elevation of cTn > 
10N and acute pulmonary edema ((n=14 (56%) vs. n=14 (22%); 
p=0.001) and the presence of a myocardial abscess (n=16 (64%) 
vs. n=26 (42%), p=0.01). 

Troponin elevation with respect to coronary status

Thirty-two patients (37%) had a significant coronary lesion, 
and 11 (13%) had three-vessel disease. Elevation of cTn, whether 
important or not, was not associated with patients’ coronary status 
(Table 3). Depending on whether insignificant, significant, or three-
vessel CAD lesions are present, there is no significant association 
with elevated cTn levels.

Table 3: Troponin elevation by coronary status.

 Negative troponin 
n=12

Positive troponin 
n=74 P Troponin <10N 

N=61
Troponin >10N 

N=25 P

Significant stenosis (n, %) 5 (41%) 27 (36%) 0.75 20 (32%) 12 (48%) 0.28

Non-significant stenosis (n, %) 2 (16%) 20 (27%) 0.72 12 (19%) 10 (40%) 0.09

Three vessel CAD (n, %) 1 (8%) 10 (13%) 1 5 (8%) 6 (24%) 0.07

Outcomes 

The average follow-up period was 919+/-816 days. Thirty-five 
patients (40%) died during follow-up. Based on univariate Cox 
regression analysis (Table 4), cTn >10N (HR 2.53, 95%CI 1.29-4.97, 
p=0.006), acute pulmonary edema (HR 2.55, 95%CI 1.31-4.97, 
p=0.005) were significantly associated with mortality, whereas 

cardiac surgery (HR 0.2, 95%CI 0-0.42, p=0.0001) was significantly 
associated with survival. The main predictor of mortality, based on 
multivariate analysis (Table 4), was elevation of cTn greater than 
10N (HR 2.38, 95%CI 1.18-4.84, p=0.01), and the main predictor 
of survival was cardiac surgery (HR 0.19 95%CI 0-0.42, p=0.0001). 
Similar results were obtained with the Kaplan Meyer curves (Figure 
1).

Table 4: Results of univariate and multivariate Cox regression analysis to predict long-term mortality.

Univariate Analysis Multivariate Analysis

HR (95%CI) P value HR (95%CI) P value

Age 1.01 0.99-1.04 0.16    

LVEF 0.96 0-0.99 0.04    

Positive troponin 2.27 0.69-7.43 0.17    

Troponin>10N 2.53 1.29-4.97 0.006 2.38 1.18-4.84 0.01

Staphylococcus 1.69 0.87-3.28 0.12    

Abscess 1.81 0.91-3.60 0.08    

Acute pulmonary edema 2.55 1.31-4.97 0.005 1.95 0.98-3.88 0.05

Cardiogenic chock 2.05 0.92-4.54 0.07    

Ischemic stroke 1.74 0.89-3.39 0.1    

Significant coronary stenosis 1.74 0.89-3.43 0.1    

Three vessel CAD 2.34 0.96-5.70 0.06    

Cardiac surgery 0.2 0-0.42 0.0001 0.19 0-0.42 0.0001

Severe regurgitation 0.86 0.43-1.72 0.68    

CAD: coronary artery disease; CI: confidence intervals; HR: hazard ratio; LVEF: left ventricular ejection fraction.
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Number of subjects at risk of events

Troponin>10N 61 39 34 25 9

Troponin>10N 25 12 7 3 2

Figure 1: Kaplan Meier survival curves in patient with and without troponin >10N.

P value correspond to the Log-rank test.

Discussion

In IE, elevation of cTn above the 99th percentile upper reference 
limit is common and not related to atherothrombotic coronary 
artery disease. Staphylococcal infection and renal failure appear to 
be the main determinants of cTn rise. A significant elevation of cTn 
(greater than 10N) seems to have a clear prognostic impact and is 
associated with more severe complications of IE.

Several observational studies in small cohorts have previously 
reported that there was an elevation of cTn in the majority of 
patients with IE (57-73%) [4-7]. According to the 4th universal 
definition of myocardial infarction [8], a cTn elevation greater than 
the 99th percentile is considered a myocardial injury, in contrast 
to myocardial infarction, which is reserved to cTn elevation with 
clear signs of associated ischemia. Our study does not find any link 
between cTn elevation and the presence of an underlying coronary 
artery disease. The mechanism explaining the positivity of cTn does 
not, therefore, seem to be related to underlying acute coronary 
syndrome. However, it is likely that the presence of underlying 
severe coronary artery disease may contribute to myocardial 
injury (namely through oxygen supply/demand imbalance), as 
may be suggested by the trend toward an association between cTn 
elevation greater than 10N and three-vessel coronary disease. 

In the setting of acute IE, cTn release appears to be linked 
mainly to myocardial injury, whose pathophysiological mechanism 
appears to be poly-factorial. Our study finds an association between 
renal function and cTn positivity, as well as between cTn elevation 
>10N and acute pulmonary edema. The associations between renal 
failure, heart failure, and cTn are well known [9,10]. The potential 
mechanisms involved in kidney diseases are increased ventricular 
pressure, small-vessel coronary disease, anemia, and direct toxic 
effects associated with the uremic state [11,12]. The mechanism of 
cTn release in heart failure remains unclear, but increased levels 
of neurohormonal factors, oxidative stress, cytokine release, and 
mechanic stress may be involved [13]. In sepsis, cTn elevation may 
be explained by ischemic events, by direct toxicity of inflammatory 
cytokines (TNF, IL-6 and bacterial endotoxins and reactive oxygen 
species), or by indirect effect with microvascular thrombosis and 
the procoagulant state [14]. However, there was no association 
between CRP level and cTn elevation in our study, even though CRP 
is a recognized intermediate marker of inflammation and sepsis. 
Direct myocardial injuries related to the pathogen may also be 
involved. Indeed, our study shows a link between cTn elevation 
and staphylococcal infection, with streptococcal infection in a 
more modest degree, as well as with abscesses. This association 
between cTn, staphylococcus infection [4], and abscesses [5] has 
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already been proven in small series. Indeed, organisms such as 
Staphylococcus aureus are more often the cause of abscesses [15] 
and can enter the endothelial cells directly and be responsible for 
cell death [16], or damage the vascular endothelium, including the 
fibronectin, laminin and collagen [17].

Our study showed a clear prognostic impact of cTn elevation 
>10N. Other studies have previously highlighted the prognostic 
aspect of cTn assay in IE [5-7,18]. In this population, the 
performance of cardiac surgery was an important survival factor, 
which is consistent with current data in the literature [19].

The main limitation of this study is its selected population, 
which is not representative of all patients with IE. However, the 
population was chosen because the possibility of analyzing the 
presence of underlying coronary artery disease could provide 
important information, and only patients with surgical indications 
had a systematic coronary angiography. In addition, patients with 
a theoretical indication for surgery currently represent 75% of IE 
cases [19]. The method of determining cTn changed during the 
study, but we chose to use the 99th percentile of each method as a 
reference to avoid measurement bias.

Conclusion

Troponin elevation in IE is frequent and appears to be more 
related to direct and indirect myocardial injury and to pathogens 
and their complications than to a possible underlying coronary 
artery disease. It is associated with a poor prognosis.
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