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 Sepsis induced myocardial dysfunction (SIMD) increases mortality risk 

to 70-90% compared to sepsis without cardiovascular system 

dysfunction. Troponin is a specific and sensitive marker for myocardial 

injuries, where high troponin levels are frequently reported in critically 

ill adult patients. However, very few studies are available on systolic and 

diastolic heart functions in child patients with sepsis in relation to 

troponin levels. This was a prospective cohort research to assess the 

troponin levels and the relationship with systolic and diastolic 

dysfunction at 24 and 72 hours of pediatric sepsis at the PICU in Haji 

Adam Malik and Universitas Sumatera Utara hospitals Medan, 

Indonesia. The relationship between the mentioned variables was 

assessed using paired t-test for normal distribution or Mann-Whitney test 

for non-normal distribution data. Research subjects were children aged 

between 1 month to 18 years old that fulfilled sepsis criteria according to 

PELOD-2 scoring system. Patients with congenital heart diseases and 

myocarditis, as well as post-heart surgery patients were not included in 

the study. The frequency distribution of systolic and diastolic function 

showed no systolic dysfunction in patients. However, diastolic function 

assessment showed 8 patients (26.7%) with diastolic dysfunction on the 

first day of sepsis diagnosis, and the number increased to 11 patients 

(36.7%) on the third day of sepsis diagnosis. Troponin I and T showed a 

significant relationship with diastolic dysfunction (p<0.05). Troponin T 

and troponin I values measured on the first 24 and 72 hours of sepsis 

diagnosis or PICU treatment can indicate diastolic dysfunction. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Sepsis is one of the leading causes of baby and child morbidity and mortality globally and it remains as a 

medical issue that needs to be closely monitored. In 2017, the global estimation for sepsis cases was 48.9 

million incidence, where there was 11 million sepsis-related deaths – represented 19.7% of the total deaths 

in that year [1], [2]. The prevalence of sepsis in children between 0 and 18 years old is rarely reported in 

Indonesia. According to the data from the pediatric intensive care unit (PICU) of Cipto Mangunkusumo 

hospital (RSCM), the prevalence of sepsis in 2018 was 20.8% from 650 child patients and the mortality rate 

was 10.7% [3]. 
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Patients with sepsis that are not diagnosed and treated early can develop into septic shock, ending in 

multiple organ failures, such as the heart, brain, kidneys, and liver. Around 50% of patients with sepsis 

experience cardiovascular dysfunction characterized by hyperdynamic circulation, low peripheral vascular 

resistance, and high cardiac output, but still maintain good peripheral perfusion indicated by warm 

extremities [4]. Those are the conditions that occur in the initial phase of septic shock (warm shock). If the 

sepsis continues untreated and develops into septic shock, the next phase to occur is cold shock, indicated 

by the decrease in cardiac output, poor peripheral perfusion, and cold extremities, finally resulted in death 

[4], [5]. 

 

Acute myocardial injury from sepsis is related to cardiovascular dysfunction. The condition is characterized 

by systolic and diastolic dysfunction that can be non-invasively evaluated using echocardiography and by 

monitoring increase in specific biomarkers and any hemodynamic instability [6]. Nowadays, sepsis induced 

myocardial dysfunction (SIMD) definition is made as simply as systolic and diastolic heart failure caused 

by sepsis [7]. SIMD increases mortality to 70-90% compared to sepsis without cardiovascular system 

dysfunction [8]. 

 

Troponin, as a cardiac biomarker, is specific and sensitive for ischemic heart injuries, as well as myocardial 

injuries in children with sepsis [9]. The types of troponin measured are troponin T (TnT) and troponin I 

(TnI) with sensitivity 97% and 90%, respectively, while specificity 67% and 100%, respectively. Both the 

troponin values increase within 4 to 6 hours after myocardial injuries. However, TnT lasts longer than TnI 

[10]. High troponin levels are frequently reported in critically ill adult patients, including patients 

experiencing sepsis without acute coronary syndromes. A research conducted in Seoul found a significant 

relationship between the increase in troponin I level and myocardial dysfunctions [11]. 

 

In Indonesia there has been very few studies on systolic and diastolic heart functions in child patients with 

sepsis in relation to troponin level as the biomarkers for the heart function. This study aimed to evaluate the 

relationship between troponin levels and myocardial dysfunction in child patients with sepsis. This study 

compared the troponin levels, as well as systolic and diastolic dysfunction, at 24 and 72 hours of sepsis in 

child patients in the pediatric intensive care unit in Haji Adam Malik hospital and Universitas Sumatera 

Utara hospital Medan, Indonesia. 

 

2. Material and Methods 

This research was a prospective cohort study to assess the relationship between troponin levels and cardiac 

systolic and diastolic functions in children with sepsis treated in the pediatric intensive care units (PICU) at 

Haji Adam Malik hospital and Universitas Sumatera Utara hospital, Medan, Indonesia, over a period of 6 

months, from March 2021 to September 2021. 

 

2.1 Research Subject 

The research subjects were children aged between 1 month to 18 years old that fulfilled sepsis criteria 

according to PELOD-2 scoring system with score of ≥7. Patients with congenital heart diseases and 

myocarditis, as well as post-heart surgery patients were not included in the study. The research subjects 

were gathered through consecutive sampling. Sample size was calculated using the sample size formula 

below, with a minimum sample size of 30 people [12]: 

 

𝑛 =
(𝑍𝛼√𝑃0𝑄0 + 𝑍𝛽√𝑃𝑎𝑄𝑎)

2

(𝑃𝑎 − 𝑃0)2
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𝑛 =
(1.96√0.45(0.55) + 0.84√0.7(0.3))2

(0.25)2
 

𝑛 = 29.59 = 30 

 

Where n was sample size, Po was standard proportion (based on literature) equaled to 0.457, Po was 

standard proportion (based on literature) equaled to 0.457, Pa was research proportion (based on clinical 

judgement) equaled to 0.25, Qo was 1- P0 equaled to 0.40, Qa was 1- Pa equaled to 0.60, α was the 

significance level 5%, in which Zα equaled to 1.96, and β was the research power 80 %, in which Zβ 

equaled to 0.84. 

 

All research subjects have had complete blood tests, blood culture, blood gas analysis, procalcitonin, C-

reactive proteins, kidney function, lactate level, and troponin level examinations. They also had EKG 

examination and chest radiography. PELOD-2 score calculations were carried out within the first 24-hours 

of patients’ treatment in the PICU. Echocardiography, complete blood count, blood gas analysis, kidney 

function, lactate level, troponin T level, troponin I level, and recalculation of PELOD-2 score were carried 

out again at 72 hours of PICU treatment. All the patients were monitored during their treatment in the PICU 

until they got discharged from the PICU care or died. 

 

2.2 Troponin Level Assessment 

Troponin T level was examined using Roche Cardiac Reader instrument. Troponin I level was examined 

using Ramp instrument. Both assessments were directly carried out in the laboratory of Haji Adam Malik 

hospital using venous blood samples. 

 

2.3 Echocardiographic Assessment 

Echocardiographic examinations for child patients with sepsis were conducted using Philips Affiniti 50 

Ultrasound Machine. The M-mode examination was conducted simultaneously with the child patients being 

in supine position. Echocardiographic assessment was performed by a pediatric consultant cardiologist 

specialist. Systolic function was evaluated using ejection fraction (EF) and fractional shortening (FS) 

values, where EF<56% was declared as abnormal. Diastolic function was evaluated based on the blood flow 

into the left ventricle through the mitral valve, where the volume sample was positioned at pulsed-wave 

Doppler (PW Doppler) right at the end of the mitral valve during diastolic. Isovolumetric relaxation time 

(IVRT) marked the diastolic phase, corresponds to the closure of the aortic valve and opening of the mitral 

valve, with blood flows into the ventricle through the opening of the mitral and tricuspid valves reaching 

the peak velocity of the early blood filling or diastole. The decrease in flow rate can be measured as 

deceleration time (DT) using the Doppler method. The atrial contractions that follow after the heart is 

maximally filled or systole are shown as the A wave. The normal diastolic function, shown as the E wave 

(initial fill). is more dominant than the A wave. In early diastolic dysfunction (relaxation dysfunction), E 

wave is less dominant that than A wave. 

 

2.4 Data Analysis 

Univariate and bivariate analyses were carried out using a statistical computer software (SPSS). Univariate 

analysis was conducted to calculate the frequency distribution of systolic and diastolic function in child 

patients with sepsis. Bivariate analysis was conducted to calculate the difference in troponin I levels, 

troponin T levels, systolic and diastolic functions at 24 and 72 hours using paired t-tests (for normal 

distribution) or Wilcoxon test (for non-normal distribution). For evaluating the relationship between 

troponin I and T values with systolic and diastolic functions at 24 and 72 hours, either the unpaired t-test 
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was used (for normal distribution) or the Mann-Whitney test was used (for non-normal distribution). The 

significance level and confidence interval used were p<0.05 and 95% (CI 95%). 

 

2.5 Research Ethics 

Parental consent was received from all the parents or guardians of the research subjects after a prior 

explanation about the condition of disease, effects and involvement to the research. This research has been 

approved by the Research Ethics Committee of the Faculty of Medicine, Universitas Sumatera Utara. 

 

3. Results 

 

3.1 Research Subject Demographic Characteristic 

This study involved 30 child patients with sepsis treated in the PICU at Haji Adam Malik hospital and 

Universitas Sumatera Utara hospital. The majority of subjects were male (21 patients, 70%). The mean age 

was 7.9 years old, with the youngest patient at 1 month old and the oldest patient at 17.3 years old. The 

mean body weight and height was 23.45 kg and 108 cm respectively. MAP examination results showed a 

mean value of 74.24 mmHg. There were 24 child patients who were using ventilators. The highest PICU 

care indication was respiratory-related condition (13 patients, 43.3%), followed by nephrology-related (7 

patients, 23.3%) and central nervous system-related (7 patients, 23.3%) conditions. 

 

On the first day of examination, all of the child patients as the research subjects had reactive pupils. While 

on the third day of treatment, there were 2 children (6.7%) with unreactive pupils. Culture examination 

results showed 18 children (60%) with positive results. Based on the treatment outcome, there were 11 

(63.3%) children who died. 

 

Table 1 Research subject demographic characteristic 

Subject Characteristics n = 30 

Gender, n (%)  

   Male 21 (70) 

   Female 9 (30) 

Age, months  

   Average (SD) 95 (76.41) 

   Median (Min – Max)  101.5 (1 – 208) 

Body Weight, kg  

   Average (SD) 23.45 (17.95) 

   Median (Min – Max)  23 (2.6 – 74) 

Body Height, cm  

   Average (SD) 108 (39.95) 

   Median (Min – Max)  119.5 (48 – 172) 

MAP, mmHg  

   Average (SD) 74.24 (20.03) 

   Median (Min – Max)  68.15 (42.6 – 118.3) 

Ventilator, n (%)  

   Yes 24 (80) 

   No 6 (20) 

Indication, n (%)  

   Respiration 13 (43.3) 

   Nephrology 7 (23.3) 

   Central Nervous System 7 (23.2) 
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   Surgery 3 (10) 

Pupil 1st day, n (%)  

   Reactive  30 (100) 

Pupil 3rd day, n (%)  

   Reactive  28 (93.3) 

   Non-reactive 2 (6.7) 

Culture, n (%)  

   Positive 

   No growths 

18 (60) 

12 (40) 

PELOD-2 score 1st day  

   Average (SD) 8.13 (0.9) 

   Median (Min – Max) 8 (7 – 10) 

PELOD-2 score 3rd day  

   Average (SD) 8.13 (0.9) 

   Median (Min – Max) 8 (7 – 10) 

 

3.2 Cardiac Function and Troponin T and I Levels Assessment 

Table 2 shows the examination results for cardiac functions, troponin I levels and troponin T levels for all 

the research subjects on the first and third day of sepsis diagnosis. There were no significant differences in 

EF, FS, E/A, troponin I level, and troponin T level values between the first and third day of sepsis diagnosis 

(p>0.05). 

 

Table 2 Cardiac function and troponin I/T levels on the first and third day of treatment 

Variable 1st Day 3rd Day p 

EF, %    

   Average (SD) 64.43 (6.96) 64.35 (6.73) 0.136a 

   Median (Min-Max)  61.65 (57.3-78.3) 61.7 (57-78.3)  

FS, %    

   Average (SD) 35.14 (5.56) 35.37 (5.46) 0.909a 

   Median (Min-Max)  32.2 (30-45.3) 32.2 (30-45)  

E/A    

   Average (SD) 1.66 (0.38) 1.63 (0.44) 0.905a 

   Median (Min-Max)  1.5 (1.2-2.3) 1.5 (0.8-2.2)  

Troponin I, ng/mL    

   Average (SD) 0.1 (0,.16) 0.08 (0.12) 0.645a 

   Median (Min-Max)  0.01 (0.01-0.6) 0.03 (0.01-0.5)  

Troponin T, ng/mL    

   Average (SD) 69.23 (42.66) 74.29 (40.56) 0.100a 

   Median (Min-Max)  52 (0.4-197) 70 (0.4-150)  
aWilcoxon test 

 

3.3 Frequency Distribution of Systolic and Diastolic Function 

The frequency distribution of systolic and diastolic function presented in Table 3 does not show systolic 

dysfunction on the first and third day of PICU treatment. No systolic dysfunction was predicted in the child 

patients with sepsis. However, diastolic function assessment showed 8 patients (26.7%) with diastolic 

dysfunction on the first day of sepsis diagnosis, and the number increased to 11 patients (36.7%) on the 

third day of sepsis diagnosis. 

 

Table 3 Frequency distribution of systolic and diastolic dysfunction 
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Cardiac Dysfunction Day 1 Day 3 

Systolic dysfunction   

   Yes (EF < 56%) 0 0 

   No (EF 56-78%) 30 (100) 30 (100) 

Diastolic dysfunction   

   Yes  8 (26.7) 11 (36.7) 

   No  22 (73.3) 19 (63.3) 

 

3.4 Troponin T and Troponin I Levels based on Diastolic Dysfunction on the First and Third Day of 

Treatment 

Table 4 shows the analysis results for the relationship between troponin I and T levels based on the diastolic 

dysfunction on the first and third day of treatment in children with sepsis. The troponin I and troponin T 

levels on the first and third day of sepsis diagnosis in patients with diastolic dysfunction were higher than in 

patients without diastolic dysfunction. The Mann-Whitney test results for troponin I levels on the first and 

third day treatments between child patients with and without diastolic function dysfunction showed a 

significant relationship (p<0.05). Similarly, the analysis of troponin T levels on the first and third day of 

treatment showed a significant relationship between child patients with and without diastolic dysfunction 

(p=0.026). 

 

Table 4 Relationship between troponin I/T levels based on diastolic heart failure on the first and third day 

of treatment 

Parameter 

Diastolic dysfunction on the day  

p Positive  

(n=34) 

Negatives  

(n=30) 

1st day    

   Troponin I, median (range) 0.10 (0.01-0.5) 0.01 (0.01-0.6) 0.018a 

   Troponin T, median (range) 102.5 (52-197) 45 (0.4-126) 0.003b 

3rd day    

   Troponin I, median (range) 0.08 (0.01-0.5) 0.01 (0.01-0.13) 0.002a 

   Troponin T, average (SD) 95.55 (32.49) 61.99 (40.36) 0.026b 

aMann Whitney, bT Independent 

 

4. Discussion 

The higher prevalence for male than female child patients with sepsis, particularly in this study, was 

unknown. However, a study analyzing hormonal secretion related to gender conducted in Italy found 

different patterns in proinflammatory and anti-inflammatory mediators, as well as healthier hormonal and 

immunology profile, in female compared to male – resulting in males being at higher risk of sepsis 

compared to females [13]. 

 

Sepsis diagnosis in this research was determined based on the basis of infections and organ 

failures/dysfunction being present. The presence of infection was based on clinical and laboratory 

examinations. The clinical examination involve observation, such as fevers or hypothermia and the 

indication of focal infection. Whereas, laboratory examinations provide infection markers or biomarkers, 

such as peripheral blood morphology, c-reactive proteins (CRP), and procalcitonin. Sepsis requires proof of 

the presence of microorganism that can be obtained through gram stains, cultures, or polymerase chain 

reaction (PCR) [14]. Organ dysfunction/failures were evaluated through PELOD-2 scoring with a cut-off 
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value of ≥7 [15]. In this study the average PELOD-2 score was 8, where 18 subjects were diagnosed with 

sepsis based on culture test, while 12 subjects were diagnosed with sepsis based on clinical signs and 

symptoms of sepsis. Many factors may affect blood culture test results. They are related to false positives 

due to contamination, false negatives due to pre-treatment antibiotics, and another affecting factor, such as 

insufficient volumes of blood samples [16], [17]. In this study the culture results were predominantly 

showing the absence of microorganism growths, which could be surmised to be related to the early 

antibiotic administration prior to culture samplings when patients were being treated in the emergency 

rooms or inpatient pediatric wards. 

 

Sepsis with cardiovascular dysfunction is indicated by the presence of acute myocardial damage and 

accompanied by lowered ejection fraction (EF) and dilation of the upper left ventricle [4]. Troponin T and 

troponin I are cardiac myofibril components that reflects the condition of cardiac function [18]. In this 

study, troponin I and T examinations and the evaluation of heart functions were conducted using 

echocardiography at the 24 and 72 hours of sepsis diagnosis. This approach was based on past studies that 

showed 50-80% incidence of myocardial dysfunction occurred within the first to third day of sepsis in 

patients, where patients’ condition start to normalizing by the seventh to tenth day of sepsis in patients [19]. 

 

From the echocardiography, the left ventricular systolic function measured in this study was through the 

measurement of EF and FS values, while the left ventricular diastolic function was measured based on E/A 

ratio [20], [21]. This study found 26.7% of subjects with diastolic dysfunction on the first day of sepsis 

diagnosis and the number increased to 36.7% on the third day of sepsis diagnosis. This result was in 

accordance to a previous study in India reporting higher diastolic dysfunction (45.2%) than systolic 

dysfunction (32.3%) in patients with sepsis [7]. Another study based in Philadelphia (US) found that 53% 

of child patients with sepsis experienced diastolic heart dysfunction [22]. Diastolic dysfunction in patients 

with sepsis was related to the administration of fluids when resuscitations were performed, as well as the 

increase in pressure during the filling of the left ventricular [23].  On the contrary to systolic function, none 

of the research subjects experienced systolic dysfunction either on the first or third day, which could be 

attributed to the prior use of vasopressors. Another study conducted on adults with septic shocks showed 

recovery of left ventricular systolic functions after the administration of inotropes [24]. This becomes the 

limitation in this study, where the possibility of vasopressors administered prior had affected myocardial 

contractility and resulted in bias towards the results. 

 

A study conducted in Washington D.C. (US) reported increased troponin I levels in >50% of child patients 

with sepsis, accompanied by lowered systolic heart functions based on the evaluation using 

echocardiography [25]. The report, however, differed from another study conducted in France that found 

that no significant difference in troponin I levels between sepsis with and without left ventricular systolic 

dysfunction (LVSD) [26]. Another study, which was carried out in Israel, conducted echocardiographic and 

high-sensitivity troponin T assessment on 106 patients with septic shock, reported that LVSD was related to 

the increase in troponin T level, whereas left ventricular diastolic dysfunction was related to mortality at the 

hospital [27]. A study in Finland evaluating hs-TnT levels in a large cohort of patients with sepsis found 

that hs-TnT levels reflected cardiomyocyte injuries while failing to identify SIMD [28]. This study did not 

find any significant differences in EF, FS, and E/A values and in troponin I and troponin T levels between 

the first and third day of PICU treatments or sepsis diagnosis (p>0.05). There was, however, a significant 

relationship between troponin I and T levels on the first and third day of treatments between child patients 

with and without diastolic dysfunctions (p<0.05). The presence of myocardial dysfunction and its 

inducement of troponin release remained a matter of question and debate. It is known that in sepsis, 

cytokine (such as IL 1β, IL-6 and TNF α), nitric oxide, and endotoxins are released that cause myocardial 
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cell injuries, as well as altering myocardium structure such that there is a breakdown in cardiac protein 

sarcomeres (including troponin), thereby inducing its release into the systemic circulation [29,30]. This 

release of cytokines plays a complex role in the pathways of cardiac dysfunction at both the cellular and 

molecular levels – among which are cell membrane permeability and functional changes of ion channels, 

which contribute to the release of troponins at intracellular level [11]. 

 

This study was the first study conducted in Haji Adam Malik hospital on the relationship between troponin 

levels and systolic and diastolic heart dysfunction in children with sepsis, which could become a reference 

for everyday practices. Repeated assessment for heart dysfunction may become a valid approach of heart 

failure diagnosis. Nevertheless, this study has a limitation where subjects were in critical conditions, with 

the use of vasoactive medication on the majority of child patients that can cause insufficient incidence of 

LVSD. This study was also a single center study with a small sample size, where additional study on related 

topic may be necessary. 

 

5. Conclusion 

Troponin T and troponin I values measured on the first 24 and 72 hours of sepsis diagnosis or PICU 

treatment showed significant relationships with diastolic heart failure in children with sepsis. 
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