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ABSTRACT

Background The mortality rate for children with
septic shock is stil quite high in low-income and
middle-income countries (31.7%). One of the most
widely used scoring systems to assess mortality in
sepsis or septic shock is Paediatric Logistic Organ
Dysfunction 2 (PELOD-2). However, it requires various
laboratory evaluations. A non-invasive, fast and easy
method is needed to assess the mortality of children
with septic shock at an early stage. Therefore, this
study aims to evaluate the ability of Vascular Reactivity
Index (VRI) compared with PELOD-2 score as a
predictor of mortality in children with septic shock
based on vascular response to vasoactive agents.
Methods A retrospective cohort study was
conducted using data from children aged 1 month

to 18 years with septic shock treated in the ER and
paediatric intensive care unit (PICU) of the tertiary
hospital from 2017 to 2021. The serial haemodynamic
data were analysed including Systemic Vascular
Resistant Index (SVRI) and the cardiac index from
ultrasound cardiac output monitoring device was
recorded in the first and sixth hours after the diagnosis
of septic shock. The VRI was determined by dividing
SVRI/Vasoactive Inotropic Score (ie, accumulated
doses of dopamine, dobutamine, epinephrine,
milrinone, vasopressin and norepinephrine). The
receiver operating curve was used to calculate the
area under the curve (AUC), sensitivity and specificity
of each cut-off point.

Results A total of 68 subjects fulfilled the inclusion
and exclusion criteria, the median age was 54 months
with a range of 2-204 months and the mortality rate
was 47%. The majority of the patients who died were
found in the high cardiac index and low SVRI group
(17.6%). Moreover, the optimum cut-off point of VRI
was obtained to predict mortality in septic shock of
32.1, with 87.5% sensitivity and 88.9% specificity. The
AUC for predicting death using VRI was 95% (95% Cl
90% to 100%, p<0.001) and PELOD-2 92.6% (95% ClI
96.4% to 98.8%, p<0.001).

Conclusion The VRI <32.1 may potentially be used
to predict mortality in children with septic shock

and its predictive ability is as good as PELOD-2. The
assessment of VRI is faster and easier than PELOD-2.

, Sudung O Pardede, Muzal Kadim,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Case fatality rate (CFR) in paediatric severe sepsis
and septic shock was higher in low-income and
middle-income countries.

WHAT THIS STUDY ADDS

= In septic shock, systemic vasodilation occurs, which
correlates with the severity and response to therapy.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Calculation of Vascular reactivity index (VRI) using
ultrasound cardiac output monitoring is less inva-
sive method to predict mortality in paediatric septic
shock

INTRODUCTION

Paediatric septic shock is associated with
high mortality globally, according to a recent
systematic review and meta analysis of global
case fatality rates (CFR) in paediatric severe
sepsis and septic shock, the CFR was higher in
low-income and middle-income countries with
31.7% (95% CI 27.3% to 36.4%) compared
with high-income countries with 19.3% (95%
CI 16.4% to 22.7%, p<0.001)." The Interna-
tional Consensus Conference on Pediatric
Sepsis defines sepsis as a life-threatening
organ dysfunction caused by dysregulated
host response to infection. Meanwhile, septic
shock is defined as a progression of sepsis with
circulatory, metabolic and cellular abnormal-
ities that can substantially increase mortality.®
Sepsis in children can cause hypotension and
shock through vasodilation, hypovolaemia,
decreased myocardial function or a combi-
nation of two or more of these mechanisms.
Decreased perfusion causes dysfunction or
failure of several vital organs, including the
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kidneys, lungs, liver, brain and heart, which potentially
lead to death.™

Several scoring systems have been developed to predict
mortality in paediatric sepsis or septic shock, for example,
Paediatric Logistic Organ Dysfunction-2 (PELOD-2)
scores.”™ The test are relatively expensive because it
requires various laboratory evaluations and the process
of taking blood samples makes children uncomfortable.
Therefore, less invasive, easy and fast methods are prefer-
able to predict mortality in paediatric sepsis.

Lee et al’ developed the calculation of Vascular Reac-
tivity Index (VRI) as a non-invasive method to predict
mortality in children with refractory septic shock. The VRI
value was determined by dividing Systemic Vascular Resis-
tant Index (SVRI)/Vasoactive Inotropic Score (VIS).? It
represents the vascular response to vasoactive agents,
while, the vascular endothelium is considered to be a key
organ involved in the pathogenesis of the host response
in sepsis and one of its main functions is to control arte-
rial tone.” ' In septic shock, systemic vasodilation occurs,
which correlates with the severity and response to therapy.
In clinical practice, this can be evaluated by the use of
vasopressors and lowering blood pressure. A low systemic
vascular resistance index reflects systemic vasodilation.’
Therefore, the primary objective of this study was to eval-
uate the potential of VRI as a predictor of mortality in
children with septic shock compared with the PELOD-2
score. The secondary objectives included describing the
haemodynamic patterns of paediatric patients with septic
shock and determining the correlation between VRI and
PELOD-2 score.

METHODS

The sampling was carried out retrospectively on patients
aged from 1 month to 18 years old and the data were
collected from January 2017 to June 2021. The patients
had been diagnosed with septic shock and admitted to the
ER and PICU of Cipto Mangunkusumo Hospital. Septic
shock was defined based on The International Consensus
Conference on Pediatric Sepsis as a condition marked
with persistent cardiovascular dysfunction following
adequate fluid resuscitation of 40mL/kg intravascular
in <lhour, characterised by the use of vasopressors.”
Inclusion criteria were paediatric patients aged 1 month
to 18 years with International Classification of Diseases
(ICD) 10 administrative coding of septic shock (R65.21).
The exclusion criteria were: (1) patient transferred out
to another hospital; (2) patients with congenital heart
defects, (3) hospital length of stay<6hour including
those who died or were transferred to another hospital
and (4) incomplete information to calculate VRI and
PELOD-2. All management algorithms were based on
Indonesian Pediatric Society guidelines which referred
to Surviving Sepsis Campaign international guidelines
for the management of septic shock and sepsis-associated
organ dysfunction in children.' '

The medical record data were accessed through an elec-
tronic database using the keyword septic shock (R65.21)
based on the ICD 10 administration coding. Subse-
quently, the medical records were open to collect the
data. The data evaluated were demographics, medical/
surgical diagnosis, physical examination, as well as labo-
ratory data needed for PELOD-2 score during a 6-hour
sepsis diagnosis, shock stage, vasoactive drugs, VRI, PICU
length of stay and mortality outcome. The optimal cut-off
point for PELOD-2 score was 211 based on Indonesian
Pediatric Association. Also, haemodynamic monitoring
measurements such as preload parameters (stroke
volume variation), cardiac contractility (cardiac output,
cardiac index and minute distance) and afterload (SVRI)
were evaluated using ultrasound cardiac output moni-
toring (USCOM) at first and sixth hours after therapy.

VRI is defined as SVRI/VIS. VIS is calculated based on
the highest dose of vasoactive and inotropic drugs used
within the first 6 hours since the septic shock diagnosis.
The value of VIS is calculated as follows dopamine dosage
(pg/kg/min) + dobutamine dosage (pg/kg/min) + 100
x epinephrine dosage (pg/kg/min) + 10 x milrinone
dosage (pg/kg/min) + 10000 x vasopressin dosage (U/
kg/min) + 100 x norepinephrine dosage (pg/kg/min)."

The sample size was calculated using the diagnostic
value cut-off point estimation (one-way hypothesis) test,
with 5% significance, absolute accuracy of 10%, and
expected sensitivity of 90%. The minimal sample size
calculated was 48. All Data were analysed with SPSSV.23.0
software. Descriptive data were presented as frequency
and percentage, while the discriminative value of VRI was
obtained using receiver operating characteristic (ROC)
curve and expressed as area under the curve (AUC).
Discriminatory power of 90%-100% was considered
excellent. The accuracy of predicting mortality for VRI
was also assessed by calculating the sensitivity, specificity,
negative predictive value, positive predictive value, posi-
tive likelihood ratio (LR+) and negative likelihood ratio
(LR-). Furthermore, Spearman’s rank correlation test
for the non-normal distribution of data was conducted
to determine the correlation between VRI and PELOD-2,
while the risk ratio value to mortality was analysed with
Fisher’s exact test for unmet minimum expected value
in cross-distribution between VRI and PELOD-2. Results
with p<0.05 were considered to be statistically significant
with 95% CI.

RESULTS

A total of 190 subjects diagnosed with septic shock were
admitted to the emergency room (ER) and PICU of
Cipto Mangunkusumo Hospital between January 2017
and June 2021. Seventy subjects with congenital heart
disease were excluded as well as 38 with incomplete data,
and 14 were screened doubly. Consequently, 68 subjects
were included in the final analysis. The demographic
characteristics are described in table 1. The majority of
the patients were male with 60.3%, while 51.4% were
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Table 1 Characteristics of subjects
Variable n=68
Age, n (%)
1-12 months 15 (22.0)
13-60 months 25 (36.8)
61-144 months 8(11.8)
> 145 months 20 (29.4)
Gender, n (%)
Male 41 (60.3)
Female 27 (39.7)
Diagnosis
Medical 62 (91.0)
Surgical 6 (9.0)
PELOD-2 score, n (%)
<11 56 (82.4)
>11 12 (17.6)
Stage of shock
Compensation 29 (42.6)
Decompensation 24 (35.3)
Refractory 15 (22.1)
Vasoactive drugs
Dobutamine 8(11.8)
Norepinephrine 8 (11.8)
Epinephrine 4 (5.9)
Norepinephrine and epinephrine 15 (22.1)
Norepinephrine and dobutamine 5(7.4)
Epinephrine and dobutamine 12 (17.6)
Epinephrine and dopamine 3 (4.4)
Epinephrine, norepinephrine and 13 (19.1)
dobutamine
PICU length of stay, n (%)
> 7 days 37 (47.0)
8-14days 29 (42.6)
>14 days 2(2.9)
Qutcome, n (%)
Died 32 (47.0)
Survived 36 (53.0)

PELOD-2, Paediatric Logistic Organ Dysfunction-2; PICU,
paediatric intensive care unit.

aged 5 years, and the medical diagnoses of 91% were
more frequent than surgical of 9%. The median age was
54 months with a range of 2-204 and the highest number
was found in the 13-60 month age group, namely 36.8%.
In addition, the overall patient mortality was 47%.

One of the targets for septic shock is cardiac index
value of 3.3-6L./min/ m?. In this study, the subjects were
divided into three groups according to cardiac index
classification namely low cardiac index with <3.3L/min/

Table 2 Baseline cardiac index and SVRI values in
paediatric septic shock

Died, Survived, Total,

Parameter n=32 (%) n=36 (%) n=68(%)
Low cardiac index

Low SVRI 6 (8.8) 0(0.0) 6 (8.8)

Normal SVRI 3(4.4) 8 (11.7) 11 (16.1)

High SVRI 3(4.4) 9(13.2) 12 (17.6)
Normal cardiac index

Low SVRI 4 (5.9) 4 (5.9) 8 (11.8)

Normal SVRI 4 (5.9) 7 (10.3) 11 (16.1)

High SVRI 0(0.0 3(4.4) 3(4.4)
High cardiac index

Low SVRI 12(17.6) 4 (5.9) 16 (23.5)

Normal SVRI 0 (0.0) 0 (0.0 0 (0.0

High SVRI 0 (0.0 1(1.5) 1(1.5

SVRI, Systemic Vascular Resistant Index.

m2, normal cardiac index ranging from 3.3 to 6 L/min/
m? and high cardiac index >6 L/min/mg.l4 The highest
number of subjects who died was found in the high
cardiac index and low SVRI group with 17.6%. The base-
line haemodynamic profile was also described from the
USCOM, including cardiac index and SVRI at the time of
septic shock diagnosis, as shown in table 2.

ROC analysis was used to evaluate the performance of
VRI as a predictor of mortality. The AUC of VRI was 95%
(95% CI 90% to 100%, p<0.001) to predict mortality as
shown in figure 1. The optimal cut-off point was obtained
from the intersection between sensitivity and specificity

ROC Curve
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Figure 1 ROC curve of Vascular Reactivity Index in

predicting mortality in paediatric septic shock. ROC, receiver
operating characteristic.
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Figure 2 Cut-off point curve of VRI in paediatric septic
shock mortality. VRI, Vascular Reactivity Index.

by observing the AUC value and determining the coordi-
nates from the ROC curve (figure 2). VRI score of <32.1
was shown to be the optimum cut-off point with 87.5%
sensitivity and 88.9% specificity.

VRI and PELOD-2 were analysed in accordance with
mortality incidence (table 3). PELOD-2 score of 211 was
used based on the consensus guidelines for diagnosis
and management of sepsis in children from the Indone-
sian Pediatric Association. Patients with VRI <32.1 had
a higher mortality risk than VRI >32.1 (RR 7.87, 95% CI
3.09 to 20.02, p<0.001). Similarly, PELOD-2 >11 had a
higher mortality risk than PELOD-2 <11 (RR 2.44, 95% CI
1.67 to 3.57, p=0.001).

Correlation analysis between VRI and PELOD-2is repre-
sented graphically by the scatter diagram (figure 3). A
statistically significant negative relationship was observed
between VRI and PELOD-2 (r=0.627; p<0.001). The
prognostic accuracy of VRI and PELOD-2 is described in
table 4. The AUC of VRI was 95% with 95% CI 90% to
100%, p<0.001, and was as good as the AUC of PELOD-2
of 92.6% with 95% CI 86.4% to 98.8%, p<0.001.

DISCUSSION
The results suggest that VRI can be used to predict
mortality in paediatric septic shock. The majority of

PELOD-2
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Figure 3 Negative linear relationship between VRI and
PELOD-2. PELOD-2, Paediatric Logistic Organ Dysfunction
2; VRI, Vascular Reactivity Index.

subjects were in the 13-80 months age group. Most of
the patients had come in critical condition, which caused
the majority of PICU length of stay to be less than 7days
(54.4%) because some of them did not survive. This illus-
trates that Indonesia as a low and middle income country
still has a high mortality rate due to septic shock in the
paediatric group.

In septic shock, there are complex cardiovascular
responses and changes in vascular tone that vary from
individual. These conditions are critical for survival.
The adult population usually manifests haemody-
namic patterns of high cardiac index and low SVRI
(hyperdynamic), while data are limited for children,
but a greater proportion showed low cardiac index
and high SVRI (hypodynamic). Adults can maintain
high cardiac output through dilated ventricles and
increased heart rate, while children have limited capa-
bility to improve these conditions."” '® Furthermore,
the baseline haemodynamic profile of patients was
very diverse as shown in table 2. The highest number
of subjects who died was in the high cardiac index and
low SVRI group (17.6%). A study by Bierley et al'” in
England also found more haemodynamic patterns of

Table 3 The relationship between VRI, PELOD-2 and mortality in paediatric septic shock

Variable Died, n=32 (%) Survived, n=36 (%) RR (95% Cl) P value
VRI
<32.1 28 (87.5) 4 (12.5) 7.87 (3.09 to 20.02) 0.001
>32.1 4 (11.1) 32 (88.9)
PELOD-2
>11 11 (91.7) 1(8.3) 2.44 (1.67 to 3.57) <0.001
<11 21 (37.5) 35 (62.5)

PELOD-2, Paediatric Logistic Organ Dysfunction 2; VRI, Vascular Reactivity Index.
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Table 4 Discriminative value of VRI and PELOD-2 in predicting mortality in paediatric septic shock patients

Performance predictor VRI <32.1

PELOD-2 >11

Sensitivity, % (95% ClI)
Specificity, % (95% ClI)
PPV, % (95% CI)

NPV, % (95% ClI

)
LR+, % (95% Cl) 7.25 (1.50 to 15.9)
LR-, % (95% ClI) 0.14 (0.10 to 1.34)
AUC % (95% Cl) 95 (90 to 100)
P value <0.001

87.50 (71.01 to 96.49)
88.90 (73.94 to 96.89)
87.50 (73.36 to 94.68)
88.89 (76.05 to 95.27)

34.40 (18.57 to 53.19)
97.20 (85.47 to 99.93)
91.70 (60.03 to 98.77)
62.50 (56.32 to 68.30)
11.33 (1.00 to 12.00)
1.46 (0.30 to 5.36)
92.6 (86.40 to 98.80)
<0.001

AUC, area under the curve; LR-, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PELOD-2, Paediatric
Logistic Organ Dysfunction 2; PPV, positive predictive value; VRI, Vascular Reactivity Index.

high cardiac index and low SVRI (94 %) in septic shock
children with the source of infection from a central
venous catheter, while sepsis from community origin
had a low cardiac index with varying SVRI (14%)."
Moreover, Lee et al'” analysed haemodynamic param-
eters to identify predictors of mortality in children
with septic shock and cardiogenic shock.'” The study
used a transpulmonary thermodilution technique
through the pulse-induced cardiac output. The result
showed that SVRI was significantly lower in children
with septic shock who died compared with those
who survived. The SVRI value for children who died
was 901.08+305.69 compared with 1584.23+429.63
in survived children, with p<0.001. Meanwhile, the
cardiac index was a predictor of mortality in the
cardiogenic shock group.'”

Another haemodynamic pattern was found as 16.1%
of patients were in the normal cardiac index and SVRI
group, indicating that compensated shock still occurred.
A compensated shock phase was also observed in the
low cardiac index and normal SVRI group of 16.1% in
which normal vascular tone was maintained due to acti-
vation of the sympathetic system in the hypotensive state.
Conversely, in the low cardiac index and SVRI groups of
8.8%, the patients were in a prolonged shock condition,
hence, compensatory mechanisms failed to work which
led to death.

The concept used in the VRI assessment was the occur-
rence of endothelial dysfunction in sepsis which causes
the formation of reactive oxygen species, activation of
complement systems, platelet aggregation and various
cytokines. Multiple endothelial dysfunction reflects
microvascular perfusion abnormalities and associated
organ dysfunction. In septic shock, systemic vasodilation
can occur which correlates with the severity and response
to therapy.”'®

The VRI cut-off point 0of <32.1 correlated with higher
mortality in children with septic shock. This supports
a previous study by Lee et al’ that demonstrated the
usefulness of VRI as a predictor of mortality in chil-
dren with refractory septic shock. Lee et al’ assessed

serial VRI at 6-hour intervals in the first 72 hours
after PICU admission in a child with septic shock.
The mean AUC within the first 72 hours was 0.8, and
the serial values of VRI were significantly lower in the
mortality group than in the survival group during
the period from 0 to 48 hours. It was found that the
VRI cut-off point <30 had good predictive power of
mortality with an average AUC>80%, sensitivity 85%,
specificity 77%, LR+3.7, LR- 0.2.” Low VRI value
suggests that systemic vascular reactivity had the worst
response towards the vasoactive-inotropic agents and
reflects the high mortality rate in children with septic
shock. The differences in the cut-off point with the
study of Lee et al’ are presumably due to the variation
in the sample size.

The significance of predictive accuracy between VRI
and PELOD-2 to mortality was analysed with Fisher’s
exact test. It showed that both parameters were signif-
icant mortality predictors with p<0.001. The RR value
for VRI <32.1 was higher 7.87 (95% CI 3.09 to 20.02)
compared with PELOD-2 >11 which was 2.44 (95%
CI 1.67 to 3.57). These data were considered because
the component of PELOD-2 scoring is a biomarker
of tissue dysfunction in microcirculation. Meanwhile,
microcirculation biomarkers change more slowly due
to hypoxia in shock, while the USCOM device is used
to obtain VRI value and assesses macrocirculation in
real-time. Disturbances in macrocirculation influence
microvascular and related organ dysfunction. Thus,
VRI can be used to detect organ dysfunction earlier
than PELOD-2. The haemodynamic monitoring is
also crucial in making appropriate decisions for
the management and prognosis of paediatric septic
shock. Therefore, USCOM is very useful because it is
a non-invasive procedure in assessing haemodynamic
components such as preload, contractility and after-
load." * Dhanani et al’' confirmed the reliability of
intraobserver and interobserver about cardiac output
measurement for the paediatric by using USCOM.
Intraobserver reliability was considered by the coef-
ficient of Lin concordance correlation of 0.92 and
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0.85. The average differences+in SD by interobserver
were 0.16+£0.59 L/min/m2 and the coefficient of Lin’s
concordance correlation was 0.87. **

This study has several limitations especially in rela-
tion to the retrospective method used which relies on
medical records. However, all management algorithms
were based on Indonesian Pediatric Society guidelines
which referred to Surviving Sepsis Campaign interna-
tional guidelines for the management of septic shock and
sepsis-associated organ dysfunction in children, thereby
minimising subjectivity in determining management. In
addition, there are not a lot of studies on VRI in chil-
dren with septic shock. The current meta-analysis study
only conducted at adult populations, and there are insuf-
ficient data to quantitatively evaluate the relationship
between vascular reactivity and multiple organ failure
development.'’

CONCLUSION

The VRI is a good predictor of mortality in children
having septic shock with a cut-off point of <32.1and its
predictive ability is as good as PELOD-2. The assessment
of VRI is faster and easier than PELOD-2.
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