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ABSTRACT
Background & objectives: Echocardiography is pivotal in diagnosing and managing patients
with shock. An important application in a shock setting is that it is non-invasive and can be
rapidly applied. Therefore, to study echocardiographic parameters in shock in PICU and to
find out the correlation between echocardiographic parameters and shock status in children to
assess the role of 2D echo in decision-making in shock in PICU.
Methods: This cross-sectional study evaluated 60 children admitted to a PICU with shock.
Routine tests, including 2D echocardiogram and laboratory parameters, assessed cardiac
function to determine the type of shock and guide appropriate intervention.
Results: In 60% of the critically ill shock patients, echocardiography results were crucial in
directing management choices and inotrope selection, allowing for early intervention.
Conclusions: In 60% of critically ill patients, echocardiography guided management
decisions, and inotrope selection led to a successful early intervention. This study emphasizes
the importance of 2D echo in managing paediatric patients with shock.
Keywords: Critical care echocardiography, PICU, Shock management.

INTRODUCTION

Shock is a clinical condition of acute circulatory insufficiency brought on by any one of four
mechanisms, alone or in combination.[1,2]

The first involves a reduction in venous return driven by a reduction in circulation volume
(i.e., due to internal or external loss of fluids). The second is a failure of the heart's capacity
to pump blood due to a major arrhythmia, such as ventricular tachycardia or a severe A-V
block, or a loss of contractility (caused by ischemia, infarction, myopathy, or myocarditis).
The third is a blockage brought on by cardiac tamponade, tension pneumothorax, or
pulmonary embolism. The fourth is vascular tone loss, which causes blood flow to be
improperly distributed (due to sepsis, anaphylaxis, or spinal injury). These four types of
shock frequently exhibit similarities, and patients admitted with one type can acquire another.
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Septic shock can occasionally develop in cardiogenic or hemorrhagic shock patients due to
trauma.[3,4]

Inadequate tissue perfusion, which results in decreased organ function, characterizes shock, a
potentially fatal medical condition. Although decreased oxygen delivery is the environment
where the shock state most frequently occurs, it is plausible that high metabolic demands
could result in a similar pathogenic state. However, the body's compensatory mechanisms can
adapt to meet even high metabolic demand; therefore, a condition of shock will typically only
happen during inadequate oxygen and substrate delivery.

Early detection and management are essential for improving patient outcomes because shock
is a frequent reason for paediatric intensive care unit (PICU) admissions. The prevalence of
shock in children is rising, brought on by many conditions, including sepsis, hypovolemic
shock, cardiogenic shock, and others.[5]

Rapid and precise evaluation of the underlying aetiology and level of organ dysfunction is
necessary to manage shock in children. Using echocardiography to assess children who have
experienced shock, real-time information on heart function can be obtained. It takes careful
prioritisation and intelligent time management to manage paediatric patients who are
critically ill. Multi-system illnesses frequently complicate clinical pictures with an overlap of
symptoms. Recent advances in managing critically ill patients have elevated hemodynamic
evaluation to the top. In the paediatric intensive care unit, echocardiography is essential to the
clinical practice (PICU). It is considered an efficient bedside imaging modality and a precise
diagnostic tool investigating a vital physiological system. The clinical symptoms and
echocardiography results illustrate the critically ill patient's hemodynamic condition.[6]
Shock frequently involves multiple factors. The prime example of circulatory compromise
caused by peripheral vasodilatation, sepsis-related cardiac dysfunction, and hypovolemia
(due to poor oral intake/vomiting, etc.) is septic shock. To determine the optimal management
strategy in such cases, precisely determining the hemodynamic mechanism underlying shock
is essential. To further modify the dose and to direct the ongoing therapy, periodic
hemodynamic monitoring at regular intervals is also necessary. Due to its capacity to provide
comprehensive and precise hemodynamic data, invasive hemodynamic monitoring has
generally been favoured under this circumstance; nonetheless, it is costly and associated with
a significant risk of complications. On the contrary, echocardiography provides a reliable and
considerably safer alternative. The type of shock can be identified, and the appropriate course
of treatment can be determined by several different hemodynamic measures obtained using
echocardiography.[7-9]

The information obtained from echocardiography can ultimately improve patient outcomes
by assisting in selecting inotropes and other therapeutic measures. However, a significant
overlap between the clinical findings is present among the different types of shock, and
laboratory investigations take time. In critically ill patients, it is significantly more
challenging.[10]

An estimated 10 million deaths of young children are recorded globally. Diarrhea,
pneumonia, malaria, measles, and neonatal causes (birth asphyxia, low birth weight) are
principal diagnoses that contribute to this mortality.[11,12] In almost all of these situations,
shock brought on by hypovolemia, hypoxia, ischemia, infection, and anaemia is the primary
cause of death. Adenosine triphosphate generation declines, and the organism cannot meet its
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metabolic needs, resulting in anaerobic metabolism and the buildup of cytotoxic metabolites,
according to the conventional definition of shock. On the other hand, the clinical definition of
shock is based on symptoms such as tachycardia, poor capillary perfusion, decreased urine
output, and altered mental status. Hypovolemic, cardiogenic, and distributive shock are three
categories that can be used to categorise shock since circulatory function depends on blood
volume, heart function, and vascular tone.[13]

Bedside echocardiography has been increasingly used as a method to assess volume status.
Respiratory fluctuation in inferior vena cava (IVC) diameter or Velocity Time Integral (VTI)
in the aorta or left ventricular outflow tract, as well as qualitative assessments of left ventricle
size and motion, is used by the intensivist to help identify preload-dependent patients.[14]
However, several variables, such as the patient's position, aberrations, and the sonographer's
expertise, might influence the quality of echocardiographic images in children. The use of
other imaging techniques, such as magnetic resonance imaging (MRI) or computed
tomography (CT), to further assess the patient may be required in some circumstances where
echocardiography is unable to make a conclusive diagnosis.[15]

Despite these limitations, the evidence suggests that echocardiography is valuable for
evaluating children with shock. The choice of inotropes and other therapeutic interventions
can be directed by the real-time information regarding cardiac function provided by
echocardiography, which ultimately improves patient outcomes.

MATERIALS AND METHODS

This cross-sectional analytical study was conducted in a tertiary care setting from April 2021
to May 2022. Sixty children diagnosed with shock and admitted to the PICU were included in
the study. Each patient had a comprehensive medical history recorded. Routine tests such as a
2D echocardiogram, an Arterial Blood Gas (ABG) analysis, a sepsis marker analysis, and a
hemogram were conducted to assess cardiac functioning and aid in early intervention and
management. This study also employed clinical information, lab findings, and 2D
echocardiography results.

RESULTS

In the study population, most children admitted to the PICU were between 1-5 years of age
(Figure 1). While most of the cases had a diagnosis of chest infection (Pneumonia) 25% (15)
on admission, after a 2D echo was performed, most of them were diagnosed with Congenital
Heart Defects (CHD) 26.70% (16) (Table 1). LVEDD (23.06 &+ 3.21mm) 18% (42) followed
by PAP (normal < 36 mmHg) 17.20% (40) were the most common echocardiographic
findings observed (Table 2). The hypovolemic shock was observed to be the most common
type of shock observed in 40 cases, followed by cardiogenic shock in 20 (Figure 2). Survival
rates were found to be 60% (36), while 30% (24) deaths were noted during the hospital stay.

DISCUSSION

An ultrasound or an echocardiographic machine can be typically found in most facilities.
Bedside echocardiography, an essential, non-invasive, portable, and rapid diagnostic tool in
the PICU can image the great veins, ventricular size, contractility, etc., aiding in the early
diagnosis of reversible and time-dependent conditions.[16—18] Only a small fraction of adult
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patients were observed to have a distinguished impact on disease management, according to a
study.[19] In contrast, other studies demonstrate a notable shift in patient
management.[17,20,21]

Myocardium's contractility refers to its capacity to contract in response to a particular load
under any preload. The degree of myocardial fibre shortening during systole is assessed by
2D echo to determine the contraction. Clinically insufficient volume is frequently evident but
might be challenging to assess only through physical examination. The physician uses only
2D and M-mode echocardiography at the primary level of competency. When hypovolemia is
severe, images depict the collapse of the left ventricular walls at end-systole. On the other
hand, if the atrial septum is fixedly bowing into the right atrium throughout the cardiac cycle,
it indicates elevated left atrial pressures, and additional fluid is not required. It should be
noted that none of these signs are limited to intravascular fluid status.[22] Although far from
ideal, inferior vena cava (IVC) variation has been acknowledged as a helpful metric for some
decades now. Multiple investigations have explored further enhancing the technique by
measuring right atrial pressure (RAP) using vessel diameter fluctuation in response to the
respiratory cycle, maximal diameter, and percentage of diameter alteration.[23]

According to guideline recommendations, a spontaneously breathing patient's IVC diameter
(D) <21 mm that collapses with a sniff (termed the caval or collapsibility index [CI = (Dmax
Dmin)/Dmax 100%]) indicates a normal RAP of 3 mmHg, while an IVC diameter >21 mm
that collapse <50% with a sniff indicates a RAP of >15 mmHg.[24]

It is recommended to measure ventricular preload using 2D echo to optimize a fluid
management plan. Peripheral vasoplegia has a significant pathogenic contribution to shock in
sepsis, and although it cannot be measured with 2D echo, the cardiac findings can be used for
estimation. For instance, a hyperdynamic, completely filled left ventricle is usually an
indicator of significant peripheral vasodilatation in shock. 2D echo helps assess the structural
and functional integrity of the valves in septic shock.[25]

The 2D Echo improves the capacity to show the spatial relationship of structures. This ability
enables more precise anatomic identification of heart and significant vessel abnormalities.
Calculating cardiac output and the magnitude of cardiac shunts can be achieved through 2D
echo examination.[26,27]

The utility of echocardiography in evaluating LV function in critically ill patients has been
documented in different studies. For instance, a study by Bansal et al.[9] revealed that the
management of patients with cardiogenic shock improved with echocardiography guidance.
In a similar study, Picard et al.[28] conclusively stated that echocardiography could be
utilized early in the course of cardiogenic shock for risk stratification and its importance for
determining shock aetiology.

According to a study by McLean[25], managing shock patients under echocardiography
guidance can increase the precision of inotrope selection, leading to better patient outcomes.
In our study, 60% of patients survived; early intervention, appropriate use of inotropes, and
fluid therapy might have helped improve patient outcomes.

According to Han et al.[29], the mortality risk increased by more than twice per hour as
persistent shock continued. Therefore, improved patient outcomes can result from early
detection of decreased LV systolic function and guidance in selecting inotropes with the help
of echocardiography. The findings of this study support the utility of echocardiography in
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treating shock patients. Additional research with large sample size and long-term follow-up is
needed for additional information.

In diagnosing and treating shock, echocardiography is probably the single most effective tool,
especially when the aetiology is undifferentiated or complex.[25] It can be used at the bedside
day or night, is non-invasive, and is quick to initiate. A more sophisticated investigation that
follows can provide incremental and crucially additional information that can then lead to the
initiation of treatment. Further research is required to assess the effectiveness of
echocardiography in managing different types of paediatric shock and evaluate how it affects
patient outcomes.

CONCLUSION

Echocardiography dramatically helps treat pediatric shock patients and improves their quality
of care. The successful early interventions achieved in 60% of critically ill individuals,
guided by echocardiography for treatment decisions and inotrope selection, underscore the
importance of incorporating 2D echo into clinical practice. A 2D echo is an invaluable and
non-invasive tool for optimizing patient outcomes in this vulnerable population by enabling
precise assessment.
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TABLES

Diagnosis

No. of cases
(At admission)

No. of cases
(After 2D echo)

Moderate - severe bronchiolitis

10 (16.70%)

8 (13.30%)

Chest infection (Pneumonia)

15 (25.00%)

12 (20.00%)

Severe sepsis

12 (20.00%)

11 (18.30%)

CHD

12 (20.00%)

16 (26.70%)

Unknown poisoning 4 (6.70%) 4 (6.70%)
Cardiomyopathy 2 (3.30%) 4 (6.70%)
Acute haemolysis 5 (8.30%) 5 (8.30%)

*CHD: Congenital Heart Defects

Table 1: Diagnosis of study cases (at admission) (n=60)

2-D Echo findings No. of cases

Ejection fraction (abnormal < 30%0) 20
CVP (abnormal < 6mmHg) 35
PAP (normal < 36 mmHg) 40
LVEDD (23.06 + 3.21mm) 42
LVESD (23.06 £ 4.23mm) 36

IVC collapse with respiration (>50%) 32
IVC collapse with respiration (fully) 5
IVVC collapse with respiration (<50%0) 23
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*EF: Ejection Fraction, CVP: Central Venous Pressure, PAP: Pulmonary Artery Pressure,
LVEDD: Left Ventricular End-Diastolic Dimension, LVESD: Left Ventricular End-Systolic

Dimension, IVC: Inferior vena cava

FIGURES

Table 2: Echocardiographic findings (n=60)

Age distribution of the study population (n=60)
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Figure 1: Age distribution of the study population (n=60)
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Figure 2: Shock type determine after 2D echo (n=60)
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