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Abstract
BACKGROUND: Critically ill patients have a high risk of developing life-threatening infections that can eventually 
lead to multiorgan failure. The cardiovascular system involvement could increase the mortality rate by 70–90%. 
Myocardial dysfunction is often accompanied by a state of metabolic acidosis, liver damage, kidney damage, and 
anemia. Therefore, laboratory markers and elevated lactate levels may aid in the early assessment of myocardial 
dysfunction.

AIM: The aim of this study was to prove the role of lactate and other laboratory markers on the detection of subtle 
myocardial dysfunction (SMD) in critically ill children admitted to the Pediatric Intensive Care Unit (PICU).

METHODS: An observational cohort study in PICU Haji Adam Malik General Hospital, Medan. Assessment of 
complete blood count, kidney function, liver function, lactic acid, blood gas analysis, and troponin I (TnI) within 48 h 
PICU admission was perfored. The results of the troponin value were said to be SMD if the TnI value is ≥0.4 ng/ml.

RESULTS: Fifty-five subjects were recruited in this study, 23 subject (41.1%) with SMD. Laboratory marker in SMD that 
has significant finding were lactate, aspartate aminotransferase, alanine aminotransferase, and hemoglobin (p = 0.003; 
p = 0.028; p = 0.01; p = 0.001, respectively). High lactate (>2.5 ng/ml) could be used as a predictor for SMD with 
sensitivity 74% and specificity 72%. Subject with SMD has significant association with mortality (p < 0.001).

CONCLUSION: SMD should be suspected in a patient with blood lactate level >2.5 ng/ml, with significant association 
between SMD and mortality.
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Introduction

Critically ill children have a high risk of developing 
life-threatening infections that can eventually lead to 
sepsis and multiorgan failure [1]. Sepsis is a serious 
infection that is a global problem with high morbidity and 
mortality [2]. Deaths due to sepsis occur around 4500 
cases per year or about 7% of total child deaths [3], [4]. 
Under any critical circumstances, the cause is followed 
by a similar physiological and biochemical response, 
which is referred to as systemic inflammatory response 
syndrome. This response results in increased morbidity, 
including infection, multiorgan dysfunction, which often 
results in longer hospital stays and increased mortality [5]. 
Multiorgan failures that occur include the brain, kidneys, 
liver, and cardiovascular system. The cardiovascular 
system involvement could increase the mortality rate by 
70–90%. Cardiovascular disorders in sepsis occur 2–3 
days after the onset of sepsis that characterized by the 
decrease of left ventricular ejection fraction of the heart [6]. 
Echocardiography is the most commonly performed to 
assess cardiac dysfunction using but it requires accurate 
subjective ability by a trained professional [7].

The detection of myocardial dysfunction using 
biochemical markers is the easiest modality to perform. 

In cardiac muscle necrosis, intracellular proteins will 
enter the interstitial space and systemic circulation 
through local microvascular and lymphatic flow. This 
intracellular heart protein is detected as a biochemical 
marker of heart muscle damage. Troponin is a 
biochemical marker for myocardial disorders that have 
high sensitivity that can even show minor myocardial 
injury [7]. Another laboratory marker associated 
with critical illness is the level of lactate in the blood. 
Several studies have suggested that increased lactate 
levels are associated with an increased response to 
stress. Lactate examination itself is an easy and fast 
examination, so this examination has been widely 
studied to assess the prognosis of critically ill patients, 
especially patients with heart defects [8].

A study regarding lactate levels in infants 
undergoing cardiac surgery has shown that lactate 
levels above 5.8 mmol/dl have a sensitivity of 67% 
and a specificity of 64% for mortality [9]. Another study 
also showed that lactate levels ≥4 mmol/L are a cut-off 
predictor of mortality in children with septic shock [10]. 
In a study conducted on children in pediatric intensive 
care rooms, lactate levels >3.3 mmol/L had high 
sensitivity and specificity to myocardial dysfunction, 
namely 90.9% and 89.9% [11]. Myocardial dysfunction 
is often accompanied by a state of metabolic acidosis, 
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liver damage, kidney damage, and anemia. Therefore, 
the aim of this study was to prove the role of lactate 
and other laboratory markers in the early assessment 
of myocardial dysfunction.

Methods

An observational cohort study was conducted 
on children who admitted in the Pediatric Intensive 
Care Unit (PICU) H. Adam Malik General Hospital 
Medan, periods in April – September 2020. Subjects 
that fulfilled inclusion and exclusion criteria will be given 
an explanation about the condition of the disease then 
asked for parents’ approval. The study was approved 
by the Health Ethics Committee from the Faculty of 
Medicine, Universitas Sumatera Utara Medan. Patients 
with heart disease, either congenital or acquired, based 
on anamnesis, physical examination, or chest X-ray 
were excluded from the study.

Demographic data such as age, gender, 
nutritional status, medical history, physical examination, 
and diagnosis are recorded. Blood samples are taken 
for a complete blood count, renal function test, liver 
function test, lactate, blood gas analysis, and troponin 
I (TnI) within 48 h PICU admission. Further division 
according to TnI level cut value of 0.4 ng/mL into other 
two groups: Group with subtle myocardial dysfunction 
(SMD) having TnI level ≥0.4 ng/ml and group non-
SMD without myocardial dysfunction having TnI level 
<0.4 ng/ml. Then, the subject was followed up during 
treatment until moved to the ward or died.

Univariate analysis was done to determine the 
distribution of characteristics of critically ill children in PICU. 
Categorical variables were expressed as frequency and 
percentage, and non-normality data distribution caused 
numeric variables were expressed as median (minimal-
maximal). Bivariate analysis was done using Mann–
Whitney test. The Spearman correlation test was used 
to examine the association between troponin levels and 
pediatric logistic organ dysfunction score (PELOD)-2 score. 
Receiver operating characteristic curve analysis (ROC) 
was used for the identification of optimal intersection points 
and to check for discrimination and the area under the 
curve is compared. Data were analyzed using Statistical 
Package for the Social Sciences version 22.

Results

From this study, of all 55 subjects was recruited, 
SMD was found in 23 subjects (41.8%). Mortality was 

found in 29 (52.7%) subjects. Baseline characteristics 
of study subjects are shown in Table 1.

Table 2 shows the association between each 
laboratory marker and subtle myocardial dysfunction. 
Laboratory marker in SMD that has significant finding 
was lactate (median 3.2 ng/ml; p = 0.003), aspartate 
aminotransferase (AST) (median 84 U/l; p = 0.028), 
alanine aminotransferase (ALT) (median 85 U/l; 
p = 0.01), and hemoglobin (median 8.9 g/dl; p = 0.001). 
Lactate level had well power as a predictive factor of 
SMD in critically ill children with lactate level cut off point 
was 2.5 ng/mL (74% sensitivity and 72% specificity) 
(Figure 1).
Table 2: Association between laboratory marker and SMD
Laboratory marker SMD Non-SMD p*

n = 23 n=32
Hematology

Hemoglobin (g/dl), median (min-max) 7.2 (5.5–10.5) 9.3 (5.2–10.8) 0.001
WBC (103/mm3), median (min-max) 13.5 (2.0–32.8) 12.9 (6.1–37.8) 0.94
Platelet (103/mm3), median (min-max) 173 (7–657) 187 (7–501) 0.65

Blood gas analysis
pH, median (min-max) 7.37 (7.15–7.56) 7.36 (6.9–7.56) 0.56
PaO2 (mmHg), median (min-max) 148 (93–176) 129 (93–180) 0.26
PCO2 (mmHg), median (min-max) 39 (22–95) 40 (21–90) 0.32

Liver function test
AST (U/L), median (min-max) 84 (26–166) 41 (16–98) 0.028
ALT (U/L), median (min-max) 85 (36–165) 49 (32–100) 0.01

Renal function test
Ureum, median (min-max) 54 (33–125) 52 (30–240) 0.69
Creatinine, median (min-max) 0.7 (0.09–21.2) 0.5 (0.16–9,1) 0.12
Lactate (ng/ml), median (min-max) 3.2 (0.8–10.4) 0.31 (0.19–1.9) 0.003

*Mann–Whitney test. SMD: Subtle myocardial dysfunction, AST: Aspartate aminotransferase, ALT: Alanine 
aminotransferase.

Table 3 shows the correlation between TnI and 
other laboratory marker with PELOD-2 scores. From 
this study, there was significant positive correlation 
between TnI levels, AST, ALT, lactate, and PELOD-2 
scores (r = 0.68, p < 0.001; r = 0.32, p = 0.015; r = 0.41, 
p = 0.002; r = 0.38, p = 0.004, respectively). Significant 
negative correlation was also found between 
hemoglobin and PELOD-2 scores (r = −0.53, p < 0.001). 
Subject with SMD also has significant association with 
mortality (p < 0.001).

Table 1: Subject characteristics
Indicator n = 55
Gender (n, %)

Boys 29 (52.7)
Girls 26 (47.3)

Age (n, %)
Under 1 year old 21 (38.2)
1–5 years old 10 (18.1)
6–10 years old 10 (18.1)
11–18 years old 14 (25.6)
Body weight (kg),median (min-max) 11 (3–55)
Body height (cm),median (min-max) 84 (44–165)

Nutritional status (n, %)
Severe malnutrition 10 (18.2)
Mild-moderate malnutrition 4 (7.3)
Well-nourished 39 (70.9)
Overweight 2 (3.6)

PICU admission indication (n, %)
Respiratory disorder 19 (34.5)
Neurological disorder 20 (36.4)
Circulation disorder 5 (9.1)
Nephrology disorder 4 (7.3)
Postoperative management 7 (12.7)

Outcome (n, %)
Move to the ward 26 (49.1)
Death 29 (50.9)

Myocardial dysfunction (n, %)
SMD 23 (41.8)
Non-SMD 32 (58.2)

SMD: Subtle myocardial dysfunction, PICU: Pediatric intensive care unit.

https://oamjms.eu/index.php/mjms/index
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Discussion

There was several studies that show critically 
ill children have significantly higher levels of troponin 
when compared to healthy children [12]. In PICU 
patients, physiological stress can cause decreased 
myocardial oxygen delivery or increased myocardial 
oxygen demand, this imbalance was a predisposition 
of critically ill patients to develop acute thrombosis that 
may explain the increased risk of myocardial injury [13]. 
Tantawy et  al. show the incidence of SMD among 
PICU patients was found to be 17.5%, where reported 
incidence of myocardial dysfunction associated 
with sepsis in the PICU ranged from 4.5–75%. This 
high variability is explained by various inclusion and 
exclusion criteria that were adopted by different 
authors [11]. This study shows there was 41.8% patient 
that has myocardial dysfunction
Table  3: Correlation between troponin and laboratory marker 
with PELOD-2 Score
Laboratory marker Median (min-max) r p**
Hematology

Hemoglobin (g/dl), median (min-max) 8.9 (5.2–10.8) −0.53 <0.001
WBC (103/mm3), median (min-max) 13.5 (2.0–37.8) 0.1 0.6
Platelet (103/mm3), median (min-max) 177 (7–657) −0.3 0.22

Blood gas analysis
pH, median (min-max) 7.37 (6.9–7.56) 0.1 0.68
PaO2 (mmHg), median (min-max) 137 (93–180) 0.1 0.74
PCO2 (mmHg), median (min-max) 38 (21–95) 0.18 0.17

Liver function test
AST (U/L), median (min-max) 45 (26–166) 0.32 0.015
ALT (U/L), median (min-max) 52 (32–165) 0.41 0.002

Renal function test
Ureum, median (min-max) 54 (33–240) 0.1 0.67
Creatinine, median (min-max) 0.5 (0.09–21.2) 0.16 0.23
Lactate (ng/ml), median (min-max) 2.5 (0.8–10.4) 0.38 0.004
Troponin I (ng/ml), median (min-max) 0.5 (0.19–1.9) 0.68 <0.001

**Spearman correlation test. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase. PELOD: 
Pediatric logistic organ dysfunction score.

It has been proven that TnI is a reliable 
indicator for myocardial injury detection in 
pediatrics [14]. In this study, SMD was defined by TnI 
level ≥0.4 ng/mL, following a previous study by Tantawy 
et al., with significant association with liver injury and 
anemia. Mechanism of anemia that suggested was 
hemoglobin production is inhibited due to associated 
inflammation with increased levels of hepcidin-25 in 
sepsis [15]. Elevations of serum TnI levels are common 
(74% overall) in patients with liver injury of various 
etiologies. Cardiovascular collapse and sepsis were 
also potential causes of elevated TnI levels and liver 
enzymes [16]. Sepsis in an experimental animal model 
found that increased mitochondrial activity of F0F1-
ATPase could contribute to bioenergetic failure in the 
liver and activation of adrenoceptors on Kupffer cells 
increases the release of tumor necrosis factor and nitric 
oxide results in more mitochondrial damage [17].

This study found that high lactate levels > 
2.5  ng/mL can be considered as predictors SMD in 
pediatric sepsis patients. A previous study shows that 
lactate has a specificity of 89.5% and a sensitivity of 
90.5% in detecting SMD [11]. No other study was found 
to prove lactate as a predictor in myocardial dysfunction, 
but there were several studies that show lactate and 
its association with mortality. Kawase et al. stated 
that lactate can be used as a predictor for mortality in 
intensive care unit with sensitivity and specificity were 
60.2% and 74.6%, respectively [18]. Zymlinski et al. 
also stated that blood lactate on admission predicted 
poor outcome in patients with acute heart failure 
(hazard ratio 1.24) [19].

The PELOD-2 was used to assess the 
organ dysfunction in the child. Karam et al. found 
that changes in the PELOD-2 score were associated 
with the likelihood of death [20]. Troponin is a 
cardiac myofibril compound that was investigated its 
association with myocardial dysfunction in sepsis. 
Myocardial dysfunction, showed by impaired left 
ventricular systolic and diastolic function, considered 
as a complication of early sepsis, especially in septic 
shock patients. Impaired blood flow will decrease the 
perfusion of the myocardium, resulting in myocardial 
dysfunction and release of troponins from cardiac 
myocytes [21]. Higher troponin levels were associated 
with more severe clinical features and poorer outcomes. 
A case-control study by Hassan et al. shows that 
troponin levels were associated with patient severity 
and positively correlated with PIM2 scores (r = 0.67; 
p < 0.05) [12]. Another study by Lodha et al. shows 
that troponin levels on admission were positively 
correlated with the PIM2 score (r = 0.51, p = 0.03) [22]. 
A similar result was found in this study with a strong 
correlation between TnI level and PELOD-2 score and 
subject with SMD also has a significant association 
with mortality.

Higher mortality for sepsis with myocardial 
dysfunction versus sepsis without myocardial 

Figure  1: Receiver operating curve of lactate level (AUC 
73.2%, p = 0.004, 95% CI 0.59–0.87)
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dysfunction reported. Case-control study by Lautz 
et al. shows that subject with myocardial dysfunction 
has higher mortality compared with no myocardial 
dysfunction (52% vs. 17%, p < 0.001) [23]. Different 
result shows by Tantawy et al. that no significant 
difference of mortality between SMD and non-SMD 
subject (p = 0.36) [11]. This study shows that there 
was a significant association between SMD and 
mortality.

Some of the limitations in this study were 
the wide variety of disease course and severity 
when the patient was admitted in PICU, resulting 
in very diverse data. High mortality in this study 
rate makes the exact correlation of a different 
variable with mortality difficult. In addition, troponin 
measurement should be followed by tests such 
as echocardiography or another hemodynamic 
measurement to assess myocardial dysfunction. 
It is hoped that early assessment of myocardial 
dysfunction can help optimal intervention for cardiac 
disorders in critically ill children.

Conclusion

Lactate is a good predictor for SMD in critically 
ill children with moderate power of sensitivity and 
specificity. Myocardial dysfunction should be suspected 
in children with a high lactate level >2.5 ng/ml since 
there has been a significant association between SMD 
and mortality.
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