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Abstract: Background: Fluid therapy for dengue shock syndrome (DSS) requires a dynamic approach that involves
monitoring of the pathophysiological processes as well as the preload, contractility, and afterload assessment during the course
dengue infection. Hemodynamically unstable DSS patients received in referral setting often complicated by fluid overload and
secondary infection. Objective: This study aims to provide hemodynamic profiles and fluid responsiveness of pediatric patients
admitted to the PICU with DSS. Methods: Hemodynamic profiles, laboratories, and demographic data were collected from
patients aged 1 month to 18 years old with DSS who were admitted to the Pediatric Intensive Care Unit (PICU) at Dr. Sardjito
General Hospital, Yogyakarta, Indonesia from January to December 2016. Hemodynamic profiles were assessed in clinically
shock and not clinically shock group at PICU admission using the non-invasive Ultrasonic Cardiac Output Monitor (USCOM).
Fluid responsiveness in clinically shock group was evaluated after fluid challenge with 10 ml/kgBW crystalloid or colloid.
Results: Eighty six subjects were included in this study. Sixty six subjects were admitted to PICU with clinically shock
condition. This group received less intravenous fluid than hemodynamically stable group (6.9 vs 7.52 ml/kgBW/hour
respectively), had higher mean hematocrit level (42.09% vs 40.32% respectively), had higher hematocrit level during PICU
stay (43.37% vs 42.06% respectively), significantly higher percentage to receive inotropes agent (62,1% vs 5%, p 0,000) and
longer duration of inotropes usage (23,5 vs 0 hours, p 0.72). From the clinically shock patients admitted to PICU, only 19,69%
were fluid responsive. Other subjects in this group with fluid non responsive state, 90,38% had low inotropic index and high
systemic vascular resistance index. Among 8 patients in clinically shock group who died during PICU stay, 6 of them had low
cardiac Index, fluid non responsive condition, low inotropic index and high systemic vascular resistance index. Conclusion:
Only a small percentage of DSS patients with clinically shock admitted to the PICU were fluid responsive. Majority of DSS
cases in children had low inotropy index and high systemic vascular resistance index.
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1. Introducti intensive care unit (PICU) for the last 2 consecutive years
- Introduction (2015-2016). [1] The number of dengue cases reported
annually to World Health Organization (WHO) had

Dengue shock syndrome (DSS) has been the most g ) St o
continued to increase from 0.4 million in 1996 to 1.3 million

common diagnosis of patient admitted to the pediatric
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in 2005, 2.2 million in 2010, and 3.2 million in 2015. [2] In
2013, dengue was estimated to be responsible for
approximately 3.2 million severe cases and 9000 deaths, the
majority of which occurred in lower middle-income
countries. [3, 4]

The WHO has issued a guideline for DSS management.
Fluids should be administered as rapid (in less than 20
minute) intravenous (IV) bolus in a dose of 10-20 ml/kg body
weight (BW). When shock persists and the hematocrit is
rising, a rapid bolus of plasma, plasma substitutes, or
albumin should be repeated as necessary to a total colloid
dose of 20-30 ml/kg. On the other hand, when shock persists
but the hematocrit decreases, fresh whole-blood transfusions
may be required (10 ml/kg). It is important to reduce the
amount of IV fluids once the patient is recovering because
over-hydration can result in intravascular fluid overload once
the vascular permeability reverses along with the recovery.
Shock can develop rapidly and, therefore, close monitoring is
essential in DSS cases. [4]

Recent data suggests that early aggressive resuscitation on
critically ill patients with shock may limit and/or reverse
tissue hypoxia, prevent the progression to organ failures, and
improve outcomes. However, excessive fluid has been
associated with increased probability of complications,
increased length of intensive care unit (ICU) and hospital
stay, and increased mortality. [5S] Unfortunately, there is still
limited data about hemodynamic profile in DSS cases.

An USCOM, or Ultrasound Cardiac Output Monitoring, is
a non-invasive device using Doppler ultrasonography method
for assessing blood flow. It provides the clinicians the
parameters of hemodynamic such as cardiac index (CI) and
stroke volume (SV). [6, 7] In selective DSS cases in which
thrombocytopenia is constantly present and the patients are
unresponsive to fluid therapy, close monitoring of
hemodynamic profiles is mandatory as it can help the
physician to determine the next treatment with preferably
non-invasive tools.

In referral settings, clinicians frequently received advanced
cases of DSS where the patients have been complicated by
fluid overload or other (dual) infections and have become
hemodynamically unstable. To date, the evaluation of dengue
cases is usually done clinically. This practice is prone to error
then fails to provide clinicians with precise data about the
patient’s hemodynamic profile. [7] The aims of this study are
to identify (1) the hemodynamic profiles of DSS patients in
referral setting and (2) the percentage of patients in fluid
responsive state in DSS patients using USCOM.

2. Methods

Data were collected using the consecutive sampling
method from 97 children admitted to the PICU with DSS
from 1 January 2016 to 31 July 2016. The study took place at
Dr. Sardjito General Hospital, a tertiary-level university
hospital in Yogyakarta, Indonesia. All subjects in this study
were referral cases and have been previously treated in other
lower-level health facilities in this region. The PICU in this

hospital is a multidisciplinary 11-bed unit. Patients are taken
care by 2 pediatric intensivists, 1 general pediatrician, and 10
pediatric residents, all of which have already completed the
Pediatrics Advanced Life Support (PALS) course.
Demographic data, hemodynamic profiles, and PICU
outcomes of each patient were documented prospectively
during the PICU stay.

2.1. Study Population

The inclusion criteria of this study were (1) patients aged 1
month to 18 year old who were admitted to the PICU, (2)
matched the clinical criteria for dengue infection with shock
syndrome, and (3) serologically confirmed for dengue
infection.

Dengue infection was defined as acute fever with at least
two of the following symptoms: headache, ocular pain,
myalgia, arthralgia, rash, a positive tourniquet test (defined
as the presence of 20 petechiae per 1 square inch), or
leukopenia (defined as a white blood cell count of < 4.0 x 10
cells/ul). [2] A dengue infection was serologically
confirmed by the presence of dengue IgM and IgG within a
serum sample taken as early as the 5™ day of fever. The
method used for this confirmation was enzyme-linked
immunosorbent assays (ELISA).

Clinically shock patients were defined when they had (1) a
rapid and weak pulse with a narrow pulse pressure (PP) of <
20 mmHg or (2) a systolic blood pressure < 5™ percentile
according to age with signs of tissue hypoperfusion, i.e. < 1
mL/kg/hour of urine output (for patients whose body weights
are less than 30 kg) or < 0.5 mL/kg/hour (for patients whose
body weights are 30 kg and more), impaired consciousness,
and cold or clammy skin. [18] Patients with underlying
medical illnesses, including congenital cardiovascular
problems, cerebrovascular diseases, epilepsy, lung diseases,
liver diseases, kidney diseases, and autoimmune diseases
were excluded from the study.

2.2. Hemodynamic Assessment

In this study, the hemodynamic parameters were measured
using a Doppler ultrasound device (USCOM 1A, USCOM
Pty Ltd, Coffs Harbor, NSW, Australia). This device projects
a 2.2-MHz, continuous-wave, Doppler signal generated from
a handheld transcutaneous probe placed at the projection of
the aortic valve in a suprasternal position. The reflected
signal is received back by the probe and analyzed by the base
unit, which, with accurate signal processing, will later
generate a real-time hemodynamic display. [7]

The USCOM utilizes the Doppler mode of traditional
echocardiography to measure stroke volume (SV), ejection
velocity, velocity time integral (VTI), and flow time (FT).
This device can also calculate cardiac output (CO), cardiac
index (CI), and systemic vascular resistance (SVR). Smith-
Madigan Inotropy Index (SMII) was calculated using a
purpose-written computer program based on the formula
developed by Brendan Smith and Veronica Madigan. [12]
Further details can be seen on the manufacturer’s website at
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WWW.Uscom.com.au.

This study recorded all initial USCOM results in DSS
patients immediately after admitted to the PICU and included
patients with clinical signs of shock upon PICU arrivals. The
patients with clinically shock condition upon PICU arrivals
were allocated in the clinically shock group and therefore
were given the fluid challenge test with 10 ml/’kgBW
crystalloid or colloid by their attending pediatric intensivists.
The initial USCOM recording was performed simultaneously
with the fluid challenge test. After completed the fluid
challenge test, another USCOM examination was taken to
check the patient’s fluid responsiveness state. An increasing
of more than 10% SVI from the initial result was presumed
that the patient is responsive to the fluid challenge or in fluid
responsiveness state. Unresponsive patients were then treated
with appropriate vasoactive agents based on clinical signs
and hemodynamic monitoring results. This study also
recorded initial USCOM results of DSS patients admitted to
PICU with no clinical signs of shock upon PICU arrivals.

2.3. Outcome Measurement

The USCOM measurement was performed by a pediatric
intensivist or pediatric residents in charge. Another study had
been done previously to evaluate inter-rater agreement of
USCOM examination done by pediatric residents and
pediatric intensivist, the result showed substantial agreement
on SVI and moderate agreement on CI, SVRI and SMII
parameters. Every USCOM measurement was taken with the
aortic approach. This study used SMII to measure the
inotropy component and SVRI to measure afterload
component. For quality assurance, all USCOM examinations

used in the analysis were verified by two of the authors.
Admission demographic data, the time the shock diagnosis
was made, the pediatric risk of mortality score (PRISM), and
pediatric logistic organ dysfunction (PELOD) scores were
recorded in addition to hemodynamic variables.

2.4. Ethical Approval

This study was approved by the medical and health
research ethics committee (MHREC), Faculty of Medicine,
Public Health, and Nursing, Universitas Gadjah Mada,
Yogyakarta, Indonesia.

3. Result

A total of 271 children were admitted to PICU during the
period of the study and 97 (35.7%) among them had a
primary diagnosis of DSS on PICU arrival. All children
diagnosed with DSS were undergoing standard hemodynamic
monitoring (electrocardiography and non-invasive blood
pressure monitoring). From 97 observed DSS cases, 11 were
excluded because the hemodynamic assessment with
USCOM could not be performed soon after their PICU
admissions. Patients who have clinical signs of shock upon
PICU arrivals were classified into “group 1” and patients
with no clinical signs of shock were classified into “group 2”.
The youngest patient was 5 months old while the oldest was
15 years and 4 months old. The distribution of the age, sex,
length of PICU stay, PRISM III, PELOD, and clinical
features upon PICU admission of patients from both groups
are presented in Table 1.
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Figure 1. Hemodynamic profiles of 66 patients with clinical signs of shock upon PICU arrival.
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Table 1. Baseline characteristics.

Group 1 (n=66) Group 2 (n=20) P
Mean age + DS (months) 83.59+5.20 90.00 £9.77 0.69
Male (%) 57.60 35.00 0.07
Median (range) duration of fever when admitted (days) 5(2-8) 5(4-7) 0.07
Median (range) amount of fluid given before admitted to the PICU (ml/kgBW/hour) 6.90 (0.00-25.00) 7.52 (1.71-53.80) 0.55
Median (range) time interval from the 1% shock to PICU admission (hours) 7.50 (2.50-57.00) 7.25(2-30) 0.70
Mean (+ DS) hematocrit level upon PICU admission (%) 42.09+0.71 40.32 +£1.06 0.45
Mean (+ DS) highest hematocrit level during PICU stay (%) 43.37+0.70 42.06+1.13 0.47
Median (range) PRISM score 6 (4-36) 6 (4-13) 0.79
Median (range) PELOD score 12 (7 - 62) 11 (4 -13) 0.35
Inotrope use upon PICU admission (%) 62.10 15 0.00
Median (range) duration of inotrope use during PICU stay (hours) 23.50 (0 - 166) 0(0-4) 0.76
% of patients used more than 1 inotrope during PICU stay 3 0 0.43
% of patients used mechanical ventilation during PICU stay 27.30 5 0.03
% of patients received blood component transfusion during PICU stay 53 35 0.15
Median (range) PICU LOS (days) 3(1-18) 3 (2-5) 0.51
Survival rate (%) 87.90 95.00 0.36

Slightly more than three-quarter (76.7%) of DSS patients
arrived in PICU with clinically shock condition (group 1)
while the rest (23.3%) showed no clinical sign of shock
(group 2). This study found that in group 1, patients had
received less intravenous fluid prior to their admissions to the
PICU compared to group 2 patients (6.90 vs. 7.52
ml/kgBW/hour). Three patients in group 1 had not received
any fluids before they were admitted to this hospital because
of difficulties in obtaining intravenous access. On the other
hand, there was one patient in group 2 (BW 13 kg) who had
received 700 mL crystalloid within 1 hour (53.80
ml/kgBW/hour) prior to the admission to the emergency
room.

Group | patients were characterized by higher mean
hematocrit level upon PICU arrival (42.09% vs. 40.32%) and
higher value of the highest hematocrit level reached during

the PICU stay (43.37% vs. 42.06%). While the median
PRISM score of both groups were similar (6), the range of
such score were larger in group 1 with a maximum score of
36 compared to 13 in group 2. On the other hand, the median
PELOD score upon the PICU admission was slightly higher
in group 1 (12 vs. 11).

The proportion of DSS patients having received inotropes
prior to the PICU admission was significantly higher in
group 1 than group 2 (62.10% vs 5%; p. 0.00). The median
duration of inotrope usage during the PICU stay was
remarkably higher in group 1, but the difference was not
statistically significant (23.50 vs. 0 hours; p 0.72). Two (3%)
patients received more than one inotrope in group 1 and none
did so in group 2. Blood component transfusions were given
to more patients in group 1 than in group 2 (53% vs. 35%).

I 20 patients without clinical signs of shock on PICU arrival
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Figure 2. Hemodynamic profiles of 20 patients without clinical signs of shock upon PICU arrival.

The median length of PICU stay of both groups were 3
days. However, the longest length of stay of patients in group
1 could reach 18 days while the maximum length of stay of
group 2 was 5 days. Patients in group 1 had lower survival
rate (87.90% vs. 95%).

In group 1 (Figure 2), the most common condition found
was patient with low CI, fluid unresponsive state, low
inotropy index and low SVRI in 46 patients from 66 patients.

Among 8 patients in group 1 who died during PICU stay, 6
had low CI, were fluid unresponsive, had low SMII nad had
high SVRIL

Group 2 was comprised of 20 patients who showed no
signs of shock upon PICU arrival and, therefore, did not
receive the fluid challenge test. The most common condition
found in group 2 was Low CI, fluid responsive state,
increased inotropy index-increased SVRI. There were 3
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patients in group 2 who had already received inotrope
infusions before the PICU admission. Six patients in this
group were given another dose of fluid bolus during their
PICU admissions. The only patient who died in group 2 had
low CI-low SVI-low SMII-high SVRI.

4. Discussion

This was a prospective observational study among
hospitalized children with DSS using USCOM, a non-
invasive CO monitor based on 2D bedside ultrasonography.
The mean age of patients in this study is within the age range
when a child is most likely to be infected with dengue. This
study is similar to a study in Vietnam in which DSS is more
prevalent in male than female children. [13] This study also
found that patients were commonly brought to the hospital on
the fifth day of fever. The fourth to sixth day of fever are
considered as the critical period of dengue because this is the
phase when patients are highly prone to life-threatening
complications, such as shock, bleeding, or organ failures.

As a tertiary referral institution, this hospital received
advanced cases of DSS who need close hemodynamic
monitoring. Proper monitoring can alert health care teams to
an impending cardiovascular crisis before it develops into
organ injuries. [14] Clinical examination alone is not
sensitive enough to differentiate inotropic disorders from
vascular disorders. Both disorders can be distinguished by
measuring three basic hemodynamic components, i.e.:
preload, contractility, and afterload, those are necessary to
determine the SV, CO, and oxygen delivery (DO,).
Furthermore, knowing these three components will help
guide fluid administration and determine the appropriate type
and combination of vasoactive drugs for patients.

Pulmonary artery catheter thermodilution is to date the
gold standard for CO measurement. Unfortunately, this
method is not feasible in dengue patients with high bleeding
risk due to its invasive nature. [15] Non-invasive
hemodynamic monitoring would be more favorable for serial
assessments of DSS patients. The use of non-invasive tool
may facilitate better diagnosis, improve the efficacy of
treatments, and give close monitoring for patients’ response
to the therapy given. However, the appropriate choice of a
hemodynamic monitoring modality depends on the
availability of facilities in the treating institution, the
accuracy of the device, and the patient’s conditions or
contraindications. [16]

Recently, USCOM has been widely accepted and used as a
bedside method to identify the type of shock and to help
guide the fluid therapy for patients with shock. [17]
However, its use in dengue cases has not been extensively
investigated in Indonesia. Data obtained with the USCOM
correlates well with data from other standard hemodynamic
methods for animal studies, adults, neonates, and children.
[8-11] The estimation of CO and SVRI measured with
USCOMSs are comparable to the results of pulmonary artery
catheter thermodilution in children with normal cardiac
anatomy. [11]

Therefore, this study used a non-invasive bedside
hemodynamic monitor, to identify the initial hemodynamic
profile and determine the fluid responsiveness of children
with DSS.

The purpose of giving a patient a fluid challenge is to
increase the SV (volume responsiveness). If the SV does not
increase, the volume loading will no longer beneficial and
may instead be harmful. Infusing fluid is the most direct way
to challenge fluid responsiveness. [19] In a study where a
“mini-fluid challenge” with 100 mL of colloid was
performed to an adult population, the preload responsiveness
is predicted by the changes in the velocity-time integral of
the left wventricular outflow tract measured with
echocardiography. [20] The statistical threshold was a 6%
increase in the velocity-time integral. Nevertheless, since this
threshold was below the precision of echocardiography, a
10% threshold was recommended even though it reduced the
test accuracy. The main issue with the mini-fluid challenge is
that small volumes of fluid can only induce small changes in
the cardiac preload and, in patients with preload
responsiveness, only small changes in the cardiac output.
Thus, the test requires a very precise cardiac output
monitoring system. Recently, some researchers have sought
to determine the smallest volume of fluid required to perform
an effective fluid challenge. In their study, a bolus of 4
mL/kg over 5 minutes was the smallest volume that could
reliably increase the mean circulating filling pressure and
make fluid challenge interpretable in every circumstance.
[21] This study used a 10% SVI increase from the USCOM
measurement as the limit to assess fluid responsiveness. A
fluid challenge test with 10 ml/kgBW crystalloid or colloid
was used.

The study found that only one-fifth of patients with shock
showed fluid responsiveness (figure 1). This might happen
because the majority of patients had already received fluid
resuscitation when they arrived at the PICU. According to the
Frank-Starling principle, as the preload increases, the left
ventricular (LV) SV increases until the optimal preload is
achieved at which point the SV remains relatively constant.
[22] This optimal preload is related to the maximal overlap of
the actin-myosin myofibrils. Once the left ventricle is
functioning near the “flat” part of the Frank-Starling curve,
fluid loading has little effect on the stroke volume. In normal
physiologic conditions, both ventricles operate on the
ascending portion of the Frank-Starling curve. This
mechanism provides a functional reserve to the heart in acute
stress. In normal individuals, an increase in preload (with
volume challenge) results in a significant increase in stroke
volume. [5]

This study used SMII and SVRI to quantify cardiac
inotropy and assess afterload. Smith and Madigan developed
a hemodynamic theory-based formula to calculate the
inotropy index, transferred from ventricle to the aorta, in
patients undergoing a surgery or in critical conditions. Using
a computer program, they later tested the formula against
pre-stored data from 250 healthy subjects (as the control
group) and 83 patients known to have acute left ventricular
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failure (the LVF group). They concluded that SMII may be
used as a bedside tool to assess the inotropy status of patients
in anesthesia and critical care. [12]

The study showed that the majority of DSS cases in
children had low inotropy and high afterload. Inotropy
degrees were measured using SMII parameters, while the
afterload degree was measured using the SVRI). Low
inotropy is usually followed by high afterload. Increased
afterload occurs in response to a decrease in CI caused by
catecholamine-related vasoconstriction or an increase in the
systemic vascular resistance. It happens to maintain blood
pressure and the distribution of blood and oxygen to vital
organs such as the brain, heart, lung, and kidney. This
compensatory mechanism is common in children and prevent
hypotension until the advanced stage of shock. [23, 24]

In children, primary myocardial disorders can be found in
cases of congenital or acquired heart defects. Meanwhile,
secondary myocardial disorders could be caused by
metabolic disorders, sepsis, and dengue shock syndrome.
[25-28] Myocardial depression is also reported to occur in
the toxic phase of grade I-1I dengue and DSS in 13.8% and
36% of patients, respectively. The myocardial depression in
these cases were characterized by ejection fractions (EF) of
<50%. In addition, the CI in DSS usually ranges from 1.3 to
3.0 L/min/m’. [25] The mechanism of myocardial depression
in dengue infection is still uncertain, but it has been known to
result from hypoperfusion, the release of pro-inflammatory
cytokines (TNF and IL-1), myocarditis, hypocalcemia,
acidosis, or excess fluid. [25, 26]

This study also showed that most cases were in the fluid
refractory state. The combination of fluid refractory state,
low inotropy, and high afterload indicates a myocardial
depression can increase the possibility of depression during
advanced stages of shock. Fluid restriction and the use of
inotropic drugs are logical approaches for patients with the
aforementioned characteristics of shock. [14, 29]

There are several limitations of this study. The
measurement of hemodynamic parameters was performed
using the USCOM and the results were not validated by the
gold standard. However, previous studies showed that
parameters those obtained from USCOM correlate well with
the accepted standard hemodynamic methods in children
with normal cardiac anatomy. [30]

Since this study was done in a tertiary hospital, all subjects
were referred from other health facilities and had been
managed previously. Prior treatment may influence the
patient’s prognosis, and the severity of shock when the patients
arrived in PICU. This study presents the initial hemodynamic
profile of DSS in tertiary setting. The data from this study can
be use as a basic for further treatment consideration. The
various stage of shock shown by the subjects could represent
the clinical situations happening in real practice.

5. Conclusion

Only a small percentage of DSS patients with clinically
shock admitted to the PICU were fluid responsive. Majority

of DSS cases in children had low inotropy index and high
systemic vascular resistance index. Therefore, fluid therapy
for DSS requires a dynamic approach that involves
monitoring of the pathophysiological processes as well as the
preload, contractility and afterload assessment during the
critical course of a dengue infection. Providing physicians
such clinical information will help improve the efficacy of
their treatments and decrease the likelihood of complications
due to dengue shock.
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