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Abstract

ACKGROUND: Early detection and treatment
of sepsis can prevent septic shock and reduce

mortality rate. Troponin can become a prognostic

factor in sepsis. However, not all health facilities are
equipped to assess troponin levels. Vasoactive-inotropic
score (VIS) is a simpler and more accessible method to
describe hemodynamic status. The aim of this study was to
assess the suitability of VIS score as early prognosis and
mortality predictor of sepsis

METHODS: A retrospective study was conducted to
determine the correlation between VIS and troponin levels
for sepsis cases in Pediatric Intensive Care Unity (PICU)
Haji Adam Malik Hospital, Medan from January 2018 to
December 2019. VIS score at 48 hours, maximum VIS
score, pediatric logistic organ dysfunction-2 (PELOD-2)
score, cardiac troponin levels at 48 hours were taken from
medical records.

RESULTS: There were 54 samples analyzed. VIS
scores were positively correlated (»p<0.001) to troponin
T and troponin I levels at 48 hours (r=0.670 and r=0.606,
respectively). VIS at 48 hours and maximum VIS were
related to mortality (p=0.001 and p<0.001, respectively).
VIS score at 48 hours could be used as a predictive factor
for mortality (area under the curve (AUC): 79.7%, p<0.001)
with a cut-off point at 11 (74.4% sensitivity and 80%
specificity). High VIS at 48 hours indicated poor outcomes
of sepsis in children with odd ratio (OR) value: 1.99 (95%
confidence interval (CI): 1.25-3.19).

CONCLUSION: Vasoactive-inotropic score was suitable
as an alternative to cardiac troponin T and troponin I levels
at 48 hours to early detect myocardial dysfunctions and
mortality in children.
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Introduction

Sepsis is a life-threatening condition with organ dysfunction
due to dysregulated immune as a response to infections.
(1) Untreated sepsis can progress to septic shock which
results in multiple organ failures such as the brain, kidneys
and cardiovascular system. The cardiovascular system
is the most susceptible to sepsis condition. Mortality rate
increases from 70% to 90% with the presence of myocardial
dysfunction in children with sepsis.(2,3)
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Hemodynamic monitoring is important in diagnosing
and treating sepsis. Both invasive and non-invasive
monitoring methods can be used in hemodynamic and
myocardial dysfunction monitoring in sepsis. For instance,
cardiac output (CO) and volume status monitoring by
echocardiography or transesophageal doppler, monitoring
of central venous pressure (CVP), measurement of invasive
arterial pressure and ultrasonic cardiac output monitor
(USCOM).(4) Echocardiography is most often used to
diagnose impaired cardiac function. This method, however,
requires accurate subjective skills of trained experts and
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there are difficulties to provide radiographic modalities
within 24 hours.(5) Therefore, biomarkers and scoring for
myocardial dysfunction are required to provide information
on the management and prognostic evaluation of sepsis in
children.

The stress occurs from sepsis can increase oxygen
requirement in the myocardium and stimulate troponin
release.(5,6) Troponin is not found in the extracellular,
therefore, its presence in the blood is a sensitive and specific
marker of myocardial dysfunction to evaluate and assess
severe sepsis and septic shock.(6) The increase in troponin
levels in sepsis is associated with poor prognosis, severe
sepsis condition and structural abnormalities in cardiac
muscle cells. The value of troponin can be a predictive
factor for mortality of pediatric patients with sepsis, in
which the best results are measurable after 48 hours of
sepsis diagnosis.(7)

Sepsis and septic shock can be characterized by the
inability of the cardiovascular system to meet metabolic
needs. Unlike adults, children have diverse hemodynamic
status. They generally respond to inotropic and vasopressor
therapy, which indicates myocardial dysfunction in acute
phase of sepsis.(8) Vasoactive and inotropic drugs are
standard therapies for cardiovascular dysfunction and
hypotension that occur in children with septic shock.(9)
Besides troponin levels, vasoactive-inotropic score (VIS)
can also be a marker to assess cardiovascular involvement
in children with sepsis.(9) It can become an early prognostic
indicator of sepsis in children at the intensive care units.

Vasoactive-inotropic score analysis is a simpler and
more straightforward hemodynamic observations parameter
than troponin levels. This becomes an advantage for
pediatric intensive care units with limited facilities to early
detect and treat sepsis. The need to assess the relationship
and significance between troponin levels and VIS is to
increase the confidence level to substitute troponin for VIS
assessment. Moreover, how VIS score predicts the mortality
of sepsis in children need to be observed.

This research was conducted to assess the suitability
of VIS score as an alternative to Troponin (troponin T,
troponin I) levels for sepsis prognosis and its severity, as
well as mortality predictor in children.

Methods

Retrospective study was conducted to determine the
correlation between VIS and troponin level (troponin T and
troponin I) in children with sepsis at 48 hours admission to
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Pediatric Intensive Care Unity (PICU) of Haji Adam Malik
Hospital, Medan. Medical records of children with sepsis
diagnosis and vasoactive inotropic drug administration
within 48 hours of treatment from January 2018 to December
2019 were taken. Children with heart disease were excluded
in this research. This study was approved by Health Research
Ethical Committee Faculty of Medicine, Universitas
Sumatera Utara/Haji Adam Malik General Hospital (No.
884/TGL/KEPK FK USU-RSUP HAM/2019). Data, such
as age, gender, primary organ involvement, nutritional
status and treatment outcome (survival or mortality), was
collected from the medical records of subjects who met the
research criteria.

Troponin Level Assessment

Troponin T and troponin I values of research subjects
were assessed. Troponin T values were obtained from the
examination done in the integrated laboratory of Faculty
of Medicine, Universitas Sumatera Utara. About 2 mL of
venous blood samples were prepared in heparin tube and
centrifuged for 10 minutes at 3000 rpm speed. Then the
sample was stored in -80°C and kept stable for 6 months
period. Troponin T examination was done by using a double
antibody sandwich enzyme-linked immunosorbent one-step
process assay (ELISA) (Catalog No. QY-E03068, Qayee-
Bio, Shanghai, China). The result was recorded in ng/mL
unit with assay ranging from 7.8-500 ng/mL.

Troponin I values were obtained from the examination
done by using RAMP® Troponin test (Catalog No.
C1101, Response Biomedical, Vancouver, BC, Canada)
in the laboratory of Haji Adam Malik Hospital. Two
acid (EDTA) whole
blood samples were taken and analyzed immediately

mL  ethylenediaminetetraacetic

by using cartridges in the test reader. The assay was
immunochromatographic test that quantitatively measure
the levels of Troponin I within 19 minutes. The result for
Troponin I was recorded in ng/mL unit with reportable
range of 0-32 ng/mL. The results exceeding 32 ng/mL were
reported as >32 ng/mL.

Vasoactive-inotropic Score (VIS) Calculation Method
The requirement doses of inotropic and vasopressor therapy
was recorded as VIS that validated the amount of support
the cardiovascular system needs. The doses were recorded
at the first 48 hours after the diagnosis of sepsis in PICU.
The calculation was in dosage/kg body weight, with the
formula as follow.(9,10)

VIS is calculated by accumulating dopamine dose (pg/
kg/min), dobutamine dose (ng/kg/min), 100 x adrenaline
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dose (pg/ kg/min), 100 x noradrenaline dose (ug/kg/min),
10 x milrinone dose (pg/kg/min), and 10.000 x vasopressin
dose (U/kg/min).

Statistical Analysis

Statistical calculation was done at 95% confidence interval
where p<0.05 was considered as significant. A diagnostic
test was done to examine the cut-off , receiver operator curve
(ROC), areas under the curve (AUC) and odds ratio (OR)
of VIS value at 48 hours to predict the mortality of sepsis
cases in children. Statistical analysis was performed with
SPSS version 22.0 program (IBM Coorporation, Armonk,
NY, USA) for Windows.

Results

Basic Characteristic Data of Research Sample

There were 54 medical records that met the inclusion
criteria from January 2018 to December 2019 period.
The number of male and female subjects was equal at 27
subjects for each gender. The median age was 1 year and
8 months, with age range from one month old to 17 years
old. The highest primary infection observed in PICU of Haji
Adam Malik Hospital was central nervous system disorders,
including meningitis and status epilepticus and followed by
respiratory disorders. Pediatric logistic organ dysfunction
score-2 (PELOD-2) was ranging from 7 to 21 in the first 24
hours. After 48 hours of evaluation, the score was between
3 and 24, which indicated both improved and worsened
condition. From the data, there were 15 subjects (27.8%)
who were moved from PICU, while 39 subjects (72.2%)
died. The characteristic data from the research sample is
presented in Table 1.

Vasoactive-inotropic Drug Administration Profile

In this study, all patients received vasoactive-inotropic
drugs in the first 48 hours, such as dopamine in 51
patients (94.4%), dobutamine in 37 patients (68.5%),
norepinephrine in 12 patients (22.2%) and epinephrine in
6 patients (11.1%). Some patients received combinations
of vasoactive-inotropic drugs and none of the patients were
given milrinone or vasopressin. The median value of VIS in
the first 48 hours was 15 (ranged between 5 and 50). Over
the course of the disease, the need of vasoactive-inotropic
drugs increased, where the highest median VIS in patients
was at 25 (ranged between 5 and 55). Table 2 shows the
profile of supportive therapies together with vasoactive-
inotropic score.
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The Correlation of Troponin Levels with VIS Value
Troponin T and Troponin I showed significant relationship
with VIS score at 48 hours of treatment. The correlation
was analyzed by using Spearman correlation at 48 hours,
with r=0.670 between troponin T and VIS (p<0.001) and
=0.606 between troponin I and VIS (p<0.001). The data
is presented in Table 3, where the higher troponin T and
troponin I levels were, the higher vasoactive-inotropic score
(VIS) was recorded.

VIS and Mortality

Vasoactive-inotropic scores at 48 hours after admission
to PICU and the peak obtained during the treatment and
observation have an important relationship with mortality.
VIS values at 48 hours and the peak of non-survivors were
higher than survived children (Table 4).

The ROC curve in Figure 1 gave 79.7% (p=0.001)
AUC. This shows that VIS score at 48 hours can become
an indicator to predict mortality in children with sepsis.
The cut-off point was measurable at score 11, with 74.4%
sensitivity and 80% specificity. The odds ratio (OR) was at

Table 1. Basic characteristics of research subject.

Indicator n=54

Gender, (n (%))

Male 27 (50)
Female 27 (50)
Age (year), median (min-max) 1.6 (0.08-17)

Bodyweight (kg), median (min-max) 9 (3-55)

Body height (cm), median (min-max)
Nutritional status (n (%))

75.5 (43-165)

Severe malnutrition 10 (18.5)

Mild-moderate malnutrition 9 (16.7)

Well-nourished 34 (63)

Overweight 1(1.9)
PICU indication (n (%))

Respiratory disorder 15 (27.8)

Neurological disorder 30 (55.5)

Infection and tropical disease 5(9.3)

Nephrology disorder 4(7.4)
PELOD-2 score, median (min-max)

24 hours 9 (7-21)

48 hours 10 (3-24)
Outcome, (n (%))

Survival 15 (27.8)

Death 39 (72.2)
Culture result (n (%))

Positive 25 (46.3)

Negative 29 (53.7)
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Table 2. Supportive therapies and VIS.

Therapy Median (Min-Max)
Vasoactive inotropic therapies in 48 hours
Dopamine (pg/kg/min), n=51 10 (5-10)
Dobutamine (pg/kg/min), n=37 10 (5-10)

Noradrenaline (pg/kg/min), n=12
Adrenaline (pg/kg/min), n=6

0.05 (0.05-0.2)
0.09 (0.05-0.3)

VIS at 48 hours 15 (5-50)
Peak of vasoactive inotropic therapies
Dopamine (pg/kg/min), n=52 10 (5-15)
Dobutamine (pg/kg/min), n=40 10 (5-15)
Noradrenaline (pg/kg/min), n=19 0.08 (0.05-0.3)
Adrenaline (pg/kg/min), n=18 0.2 (0.05-0.3)
Peak VIS 25 (5-55)

1.99 (95% confidence interval (CI): 1.25 - 3.19). This shows
that patients with VIS score >11 at 48 hours is 1.99 times
more at risk of mortality than patents with VIS score <I1.

Discussion

A large-scale study conducted worldwide found that the
death rate due to sepsis in children was at 25%.(11) In 2017,
the study conducted in PICU of Haji Adam Malik Hospital
reported 61% death case.(7) This study, conducted in the
same location, however, reported a higher death rate at
72.2%. Thus, death rate due to sepsis still shows an upward
trend.

Fluid resuscitation is the first step of early goal-
directed therapy (EGDT) to treat children with sepsis or
septic shock. In case of non-responsiveness towards fluid,
vasoactive and inotropic drugs administration is the next
step to be taken. EGDT steps can reduce mortality rate by
one third of the total cases.(8) Vasoconstrictors, such as
dopamine and norepinephrine are widely used in the initial
phase of septic shock. In this study, dopamine was used the
most in the first 48 hours, where 94.4% patients received the
vasoactive drug with a median dose of 10 mcg/kg/minute
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(ranged between 5 and 10 mcg/kg/minute). Dobutamine
was the second highest with 68.5% patients receiving the
drug, followed by norepinephrine and epinephrine with
22.2% and 11.1% patients receiving the drugs respectively.
All vasoactive and inotropic drugs are important in
the management of sepsis with cardiovascular system
involvement. The need for drugs varies according to the
hemodynamics of patients. The pattern of vasoactive drugs
administration indicated cardiovascular system disorders
with the requirement to increase cardiac pumps.

The required dosage of vasoactive and inotropic drugs
during treatment is measured by vasoactive-inotropic score
(VIS).(10) Previous studies stated that VIS value at 48 hours
indicated conditions which were strongly associated with
myocardial dysfunction and poor health outcomes, hence
the need of supports for severely ill conditions.(9) In this
study, the median value of VIS in the first 48 hours was 15
(ranged between 5 and 50). Over the course of the disease,
the need for vasoactive-inotropic drugs increased with the
rise of the median value to 25 (ranged between 5 and 55).

There are physiological and metabolic changes in
sepsis, as well as coronary blood flow impairment, decrease
in oxygen levels, myocardial hypokinesis and ventricular
dilatation.(12) The interruption in blood flow results in
the decrease in heart muscle perfusion and leads to
myocardial dysfunction and troponin secretion from cardiac
myocytes.(13,14)

Myocardial dysfunction is common in patients with
septic shock. The condition is associated with higher
risk of mortality, but it is reversible within 7-10 days.
Conventional myocardial dysfunction can be detected by
echocardiography, but its utilization is still limited. The
presence of sensitive and specific biomarkers for myocardial
dysfunction can help to provide prognosis and evaluation
to manage and treat sepsis. Early detection of myocardial
dysfunction and followed by immediate treatment with
inotropic drugs can improve the health outcome and reduce
mortality.(15)

VIS value at 48 hours was observed to have strong
positive correlations (p<0.001) with troponin T and

Table 3. Correlation of VIS and cardiac troponin in 48 hours.

Median (Min-Max) r p*
VIS 15 (5-50)
Troponin T levels (ng/mL) 42.5(10-233) 0.67 <0.001
Troponin I levels (ng/mL) 0.7 (0-3.11) 0.606 <0.001

*Spearman correlation.
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Table 4. The relationship of VIS and mortality.

Survivor Non-survivor "
Median (min-max) Median (min-max) p
VIS at 48 hours 9(5-20) 20 (5-50) 0.001
Peak VIS 10 (5 -20) 31(5-55) <0.001

*Mann-Whitney test.

troponin I values, with r=0.670 and r=0.606, respectively.
The higher the troponin T and troponin I values at 48
hours, the higher vasoactive-inotropic score obtained. This
showed that the increase in troponin levels and VIS score
corresponded to the increase requirement of inotropic drugs
in children with sepsis. Complete health facilities are able
to detect troponin levels to evaluate the therapeutic use of
vasoactive and inotropic drugs. However, troponin levels
assessment is not possible in healthcare units with limited
facilities. Vasoactive-inotropic score (VIS), on the other
hand, is a simpler assessment method that can also be used
as an indicator for myocardial dysfunction due to its parallel
growth with troponin levels.

The results of this study are consistent with the study
previously done to assess troponin I level as the prognostic
marker in pediatric patients treated in intensive care unit.
The increase in troponin I in sepsis was the secondary
result of cytokine-mediated myocardial depression or
hypoperfusion or both cases that occurred together. Troponin
was associated with VIS. The median of VIS was 0 (ranged

ROC Curve
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Figure 1. ROC curve of VIS at 48 hours. (AUC: 79.7%, p<0.001,
95% CI: 67.7-91.6%). Diagonal segments are produced by ties.
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between 0 and 10) whereas troponin was not detected in
samples. Meanwhile, VIS value was 16.5 (ranged between
0 and 52) when troponin level increased.(16)

Another study done had examined VIS biomarkers
and myocardial dysfunction in children with sepsis. The
long-term study found higher VIS values on the first day
of treatment in non-survivors than in survivors (63.0£16.4
vs. 36.9£19.4; p<0.001). VIS continued to increase until
the third day, from 37+14 on the first day to 68+49 on the
third day. VIS decreased only on the seventh day to 17+29
(»<0.01). The decrease in creatine-kinase MB (CK-MB) as
the myocardial dysfunction biomarker was accompanied
by the decrease in VIS (p=0.04) and PELOD-2 scores
(p<0.01).(15)

In this study, VIS at 48 hours and the peak during
treatment were observed to be associated with the mortality
of sepsis in children (p=0.001 and p<0.001, respectively).
In non-survivors, VIS at 48 hours and the peak during
treatment had higher scores than the scores of the survivors.
ROC curve, with 79.7% AUC, showed that at 48 hours
measurement, VIS value could be a predictor of mortality
in children with sepsis (p<0.001; 95% CI 67.7%-91.6%). A
past retrospective study done to 90 children in PICU with
septic shock stated that pediatric risk of mortality (PRISM)
111, sequential organ failure assessment (SOFA) and VIS
scores described the severity of the disease. VIS values
in non-surviving patients were higher than the survivors
(mean+SD 56.68+58.88; 27.66+38.46 respectively).(17)
Similarly another study done in in Turkey using medical
record of 93 children with septic shock reported significant
differences in maximal inotropic scores between patients
who survived and not in the first 24 hours and 48 hours
(p<0.05). The cut-off inotropic score was at 15, with
69.76% sensitivity and 50.98% specificity. Inotropic scores
at 24 hours and 48 hours can be independent predictors of
mortality in critically ill pediatric patients with septic shock.
(18) VIS value at 48 hours in this study can predict mortality
if it is equal or more than 11 with 74.4% sensitivity and 80%
specificity. Children with sepsis having VIS 48 hours cut-off
at >11 were at 1.99 times greater risk of mortality (95% CI
1.25-3.19) than patients with VIS value less than 11.
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All past studies about VIS in children have only
associated VIS with cardiac surgery in pediatrics. No study
has investigated the correlation between VIS and troponin
as a biomarker for myocardial dysfunction (MD) in sepsis.
Besides that, the needs of vasoactive and inotropic drugs
can also serve as the predictor of mortality in children. This
study has shown that VIS at 48 hours can be used as an
indicator of MD to evaluate pediatric therapy with sepsis,
especially in health units with limited facilities. It also
provided the cut-off values of VIS at 48 hours to predict the
mortality of sepsis in children.

Conclusion

The VIS at 48 hours can be an alternative to troponin level
assessment to evaluate suitable vasoactive and inotropic
therapy, as well as to predict mortality in children with
sepsis. This is an advantage, especially in healthcare units
with limited laboratory facilities, to early detect myocardial
dysfunction in children with sepsis. VIS value at 48 hours
has a positive correlation with troponin T and troponin I in
children with sepsis. It can also serve as a prognostic factor
of mortality with cutoff point of 11, in which patients with
VIS score >11 were at 1.99 times greater risk of mortality
than patients with <11 VIS score.
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