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Echocardiography is a key tool for hemodynamic assessment in Intensive Care Units (ICU). Focused echocardiography performed
by nonspecialist physicians has a limited scope, and the most relevant parameters assessed by focused echocardiography in Pediatric
ICU are left ventricular systolic function, fluid responsiveness, cardiac tamponade and pulmonary hypertension. Proper ability
building of pediatric emergency care physicians and intensivists to perform focused echocardiography is feasible and provides
improved care of severely ill children and thus should be encouraged.

1. Introduction

Echocardiography is currently considered a key tool for the
hemodynamic assessment in Intensive Care Units (ICU), able
to identify causes of hemodynamic instability and to quickly
guide therapy [1, 2]. Some of its advantages are being a
noninvasive method, risk-free, capable of being performed
serially and in real time, and analyzed along with clinical data
by intensivists.

Several studies have demonstrated the positive effect of
the use of echocardiography in the management of critically
ill patients, changing their treatment in 30%-60% of cases
after the test is performed [3-6]. Thus, the recent expert
consensuses and reviews on shock point out the importance
of echocardiography in the identification of the pathophysiol-
ogy and categorization of shock as distributive, hypovolemic,
obstructive, or cardiogenic [7].

In the pediatric age range, there is an important limitation
of noninvasive devices for hemodynamic monitoring, and
this makes the use of echocardiography even more promising.
An interesting review on hemodynamic monitoring suggests
using focused echocardiography with the monitoring devices

already routinely used to assess the hemodynamic status of
critically ill children [8].

When compared to the full echocardiography, the pur-
pose of the focused echocardiography is the early identi-
fication of limited hemodynamics changes thus expediting
clinical decisions regarding treatment [9, 10].

Although there is no consensus on the ideal train-
ing format for capacity building of nonechocardiographers
in focused echocardiography, different training programs
for physicians from different areas (anesthetists, internists,
intensivists, surgeons, and pediatricians) to perform specific
echocardiographic assessments have been published [5, 11-
21]. In a previous study, we demonstrated that pediatricians
specialized in Emergency or Intensive Care are able to
perform focused echocardiography with a good concordance
when compared to experienced echocardiographers, after 10
hours of theoretical sessions and 24 real-time training exams
performed under supervision [22].

The most relevant parameters assessed by focused
echocardiography in pediatrics are left ventricular systolic
function, volemia/response to fluid resuscitation, pericardial
effusion/cardiac tamponade, and right ventricular systolic
function and pulmonary hypertension.
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FIGURE 1: Calculation of left ventricular fractional shortening by the M mode. (a) Parasternal short-axis view in a patient with normal ejection
fraction. (b) Parasternal long-axis view in a patient with viral myocarditis and cardiogenic shock, with reduced ejection fraction. EDD: left
ventricle end-diastolic diameter; ESD: left ventricle end-systolic diameter; RV: right ventricle. FS = EDD — ESD/EDD x 100.

2. Left Ventricular Systolic Function

Previous studies have demonstrated the inaccuracy of phys-
ical examination in the assessment of the cardiac function
and hemodynamic profile of critically ill patients, even when
performed by an experienced physician [23]. The echocar-
diographic assessment of the left ventricular (LV) function as
an extension of physical examination has a proven beneficial
effect on the timing to start therapy as well as on its quality.
A study conducted in adult patients with congestive heart
failure showed a significant improvement in the identification
of patients with severe LV dysfunction when the medical
assessment was associated with focused echocardiography;,
and this was the main factor for the identification of this
group of patients (OR =154, p < 0.001) [24]. Similar findings
were reported in an Intensive Care environment, where the
use of echocardiography by the intensivist brought additional
information regarding the cardiac function and provided
changes in therapy in 37% of the patients assessed [5].

In a Pediatric Intensive Care Unit, Ranjit et al. [6]
suggested how the echocardiographic analysis of LV systolic
function may be part of a multimodal hemodynamic assess-
ment in association with physical examination and invasive
blood pressure monitoring and thus may be incorporated in
the medical arsenal to care for children with septic shock.
In their study, the authors identified the presence of cardiac
dysfunction echocardiographically in 45% of children after
the baseline medical approach and demonstrated a favorable
outcome in 91.6% of cases when the therapeutic management
was guided by multimodal hemodynamic monitoring.

The left ventricular systolic function may be assessed by
echocardiography both qualitatively and quantitatively.

2.1. Qualitative Analysis of the LV Systolic Function. The
qualitative analysis of the LV systolic function consists of the
visual analysis of the examiner in relation to the myocardial
contractile function and is the method of choice for the
assessment of the LV function by nonechocardiographers
[25].

Left ventricular ejection fraction (EF) is estimated visu-
ally using multiple echocardiography views: the parasternal

long and short views and the apical and the subcostal
views. This assessment is made by analyzing the myocardial
thickness during systole and the reduction of the ventricular
chamber diameter during systole in comparison to diastole
provided by the ventricular wall motion during systole. LV
function is subjectively classified as normal (EF > 55%),
slightly reduced (EF 41%-55%), moderately reduced (EF
31%-40%), and markedly reduced (EF < 30%) [26].

2.2. Quantitative Analysis of the LV Systolic Function. The
quantitative analysis of the LV systolic function consists of
LV ejection fraction and cardiac output/index measurements.
This data aids the physician in choosing between therapeutic
options, like fluids and/or inotropic agents.

Ejection fraction may be measured in the M mode or
two-dimensional mode. EF calculation in the M mode is the
most widely used in clinical practice, especially in pediatric
patients, and is derived from the fractional shortening (FS)
measurement. Measurements of the LV systolic (ESD) and
diastolic diameter (EDD) right below the mitral valve leaflets
in the parasternal short- or long-axis views are necessary to
obtain the fractional shortening, which is calculated using the
formula FS = EDD — ESD/EDD x 100 (Figure 1).

The clinical usefulness of quantitative EF measurements
in the management of critically ill patients is broadly accepted
both in adult and in pediatric patients [1, 27]; however, it
is important to emphasize that this assessment should not
be used without also considering patients preload, cardiac
output, and tissue perfusion in order to minimize the
improper management of inotropic agents [28]. Studies show
that trained nonechocardiographers are able to perform the
quantitative analysis of EF even in pediatric patients and
that this information may be positively added to the care of
hemodynamically unstable pediatric patients [6, 13, 22].

Similar to the qualitative assessment, EF is classified
as normal (EF > 55%), slightly reduced (EF 41%-55%),
moderately reduced (EF 31%-40%), and markedly reduced
(EF < 30%) [26].

The cardiac output (CO) evaluation is not recommended
to all shock patients. However, a recent experts consensus was
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FIGURE 2: Stroke volume (SV) calculation. (a) Measurement of LV outflow tract diameter (LVOTD) using the parasternal long-axis view, and
(b) use of pulsed Doppler for the measurement of velocity-time integral (VTI), as obtained in the 5-chamber apical view. Cardiac output
(CO) =SV x HR; SV = VTI x LVOT area, where LVOT area = 7(LVOT diameter/2)>.

proposed as evidence level I that the CO measurement should
be performed in those patients that are not responding to
initial therapy to evaluate the response to fluids or inotropes
[28]. As previously cited, it is crucial that the CO assessment
is not the only variable used to decide treatment but is indeed
added in the preload, left ventricular ejection fraction, and
tissue perfusion equation. This concept is supported by a
prior trial performed by Vieillard-Baron et al. that demon-
strated the existence of patients with low ejection fraction
but normal cardiac index, as well as patients with low cardiac
index and normal ejection fraction [1]. Hence, inotropic
agents should only be given when the compromised ejection
fraction is accompanied by inadequate cardiac output and
tissue hypoperfusion.

The CO measurement by echocardiography depends on a
combination of measurements made in the two-dimensional
mode and aortic blood flow study by Doppler. CO is cal-
culated by multiplying the stroke volume (SV) by the heart
rate (HR). SV is obtained by measuring the LV outflow tract
(LVOT) diameter in the two-dimensional mode (parasternal
long-axis view) and the velocity-time integral (VTI) by
pulsed Doppler (5-chamber apical view), with SV = VTI
x LVOT area, where LVOT area = m(LVOT diameter/2)?
(Figure 2). The targeted cardiac index in septic children
suggested by Surviving Sepsis Campaign is between 3.3 and
6.0 L/min/m?* [29].

For requiring the use of Doppler, CO measurement
may be deemed technically challenging for the nonspecialist
physician. Nonetheless, in a previous study conducted in
pediatric patients [22], we demonstrated that it is possible
to train pediatricians for the analysis of CO, like in a study
conducted in adult patients [30], however pioneering in
pediatrics. This assessment may provide a new option for
hemodynamic monitoring of severely ill children, a popula-
tion that lacks noninvasive methods for CO measurement.

3. Fluid Responsiveness and
Preload Estimation
Fluid resuscitation is part of the initial management of shock.

However, aggressive fluid resuscitation may be harmful to
some patients and some types of shock [31]. Assessment of

the preload and fluid responsiveness is key in the manage-
ment of critically ill patients and previous pediatric studies
demonstrated that only 40-69% of children responded to
intravascular volume expansion [32-34]. Clinical assessment
and static measurements of filling pressures (central venous
pressure and pulmonary wedge pressure) did not predict
fluid responsiveness in children, which is consistent with
findings in adults [35, 36]. However, in contrast to adults,
dynamic variables as pulse pressure variation and stroke
volume variation also did not predict fluid responsiveness in
children, and that makes this evaluation in pediatric patients
even more challenging [36].

The first form of assessing preload and fluid responsive-
ness by echocardiography is by analyzing the inferior vena
cava (IVC) diameter. However, the static measurement of IVC
diameter has a poor correlation with the patient’s individual
response to fluid resuscitation, especially in children in whom
the IVC diameter is related to their weight and height [37].
Respiratory changes in IVC diameter are the most frequently
used echocardiographic method for the assessment of the
fluid responsiveness and consist of the analysis of the IVC
diameter change with respiration while under positive pres-
sure ventilation (inspiration and expiration) (Figure 3).

Respiratory changes in IVC by transthoracic echocardio-
graphy were established in the clinical practice after two stud-
ies conducted in adult patients undergoing mechanical ven-
tilation. These studies showed a strong correlation between
respiratory change in IVC and the patient’s fluid responsive-
ness [38, 39]. The authors showed a linear correlation between
respiratory changes in IVC and increased CO after fluid
loading, where the greater the respiratory change in IVC prior
to fluid replacement, the higher the increase in CO after fluid
replacement. The index described by Barbier et al. [39], called
inferior vena cava distensibility index (dIVC) and calculated
using the formula dIVC = (D, — Duin)/Dmin X 100,
showed the best cutoff value of 18% to discriminate volume-
responsive individuals (dIVC > 18%) from non-volume-
responsive individuals (dIVC < 18%) with 90% sensitivity and
specificity. However, we should note that it was performed in
sedated patients with normal sinus rhythm, no spontaneous
breathing, and a tidal volume of 10 mL/kg under mechanical



FIGURE 3: M mode echocardiography from subcostal view in a five-
year-old patient in septic shock for urinary tract infection under
mechanical ventilation, with sustained hypotension after volume
expansion with 60 mL/kg of saline solution. Bedside echocardiogra-
phy showed significant respiratory changes in IVC diameter, which,
along with other clinical and monitoring data, suggested that fluid
resuscitation should be maintained. dIVC = 90%, where dIVC =
(D, — Do)/ Dy % 100.

max min

ventilation. For having the advantage of being a noninvasive
method that can be performed quickly and serially, the use
of dIVC became widespread, but the specific situation in
which the study was conducted cannot be disregarded [40].
There are few studies correlating fluid responsiveness with
respiratory changes in IVC in pediatric patients and these
studies have shown conflicting results; therefore, this is an
open field for further investigations [41, 42].

Another means of assessing fluid responsiveness using
echocardiography is by analyzing the respiratory change of
the aortic peak flow velocity on Doppler during inspiration
and expiration in patients under mechanical ventilation. It
is calculated as AV = (Vpeak max Vpeak min)/Vmean peak
[43]. The aortic peak flow variation has been correlated with
the patients response to fluid infusion in several previous
studies, including at least five studies with pediatric patients,
and emerges as a promising form of assessment of fluid
responsiveness in children under mechanical ventilation [34,
41, 42, 44, 45].

4, Pericardial Effusion and
Cardiac Tamponade

Pericardial effusion (PE) is identified in echocardiography
as an echolucent space adjacent to the cardiac structures.
It may be diffuse or loculated, more frequently is diffuse
and promote a clear separation between the parietal and
visceral pericardia [46]. Loculated effusion may be secondary
to adherences after cardiac surgery or trauma.

Cardiac tamponade is an emergency situation and its
diagnosis is known to be clinical. However, echocardiography
may suggest the existence of tamponade physiology, that is,
increased intrapericardial pressure precluding the ventricular
filling. The major echocardiographic signs that corroborate
the clinical diagnosis of cardiac tamponade are systolic
collapse of the right atrium and diastolic collapse of the
right ventricle, presence of IVC dilatation with no respiratory
change, and presence of respiratory change in flow velocities
through the heart valves [47-49] (Figure 4).
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FIGURE 4: Cardiac tamponade with large pericardial effusion and
diastolic collapse of the right ventricle (arrow). LA: left atrium; LV:
left ventricle; PE: pericardial effusion. RA: right atrium; RV: right
ventricle.

Bedside echocardiography plays an important role in
guiding pericardiocentesis. An extensive review from the
Mayo Clinic on 1127 patients undergoing echocardiograph-
ically guided pericardiocentesis showed that the usual subx-
iphoid approach had been chosen in only 20% of cases after
echocardiographic assessment. In most of the patients, peri-
cardial puncture was performed using transthoracic puncture
(apical/parasternal), and this reduced the complication rate
of pericardiocentesis from 20% to only 4.7% [50].

5. Right Ventricle and
Pulmonary Hypertension

The right ventricular (RV) wall thickness and dimensions
should be analyzed using all multiple views, the apical view
being the most suitable for this analysis. The RV size is
qualitatively analyzed and, in comparison to the LV size, is
classified according to the RV and LV ratio as follows: normal,
when the RV is smaller than the LV (approximately 60% of
the LV size) and the RV apex is lower than the LV; slightly
increased, when dilatation is present; however, RV is still
smaller than LV; moderately increased, when the RV size is
the same as LV; and markedly increased, when RV is larger
than LV [46] (Figure 5).

The RV systolic function is assessed by nonechocardio-
graphers only qualitatively, by visual estimation. Just like
the assessment of LV function, ventricular wall motion
and thickness should be analyzed. The classification of RV
function is also similar to the LV’s: normal, slightly reduced,
moderately reduced or markedly reduced [46].

Echocardiography also allows the estimative of pul-
monary artery systolic pressure (PASP) in the presence of
tricuspid regurgitation. Using the spectral curve of tricuspid
regurgitation obtained by continuous wave Doppler, the
pressure difference between RV and RA (gradient pressure)
is calculated. The RV-RA gradient pressure added to the RA
pressure is equivalent to PASP, when there is no RV outflow
tract obstruction (Figure 6).
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FIGURE 5: (a) Four-chamber apical view demonstrating normal heart. (b) Significant right chambers dilatation with straightened ventricular
septum plus small pericardial effusion. LA: left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle.

FIGURE 6: Newborn under invasive mechanical ventilation for hypoxemia in the first day of life. Apical view showing tricuspid regurgitation
on color Doppler in blue (a) and on continuous wave Doppler (b). RV-RA gradient of 82 mmHg and the pulmonary artery systolic pressure
is estimated at 92 mmHg (RV-RA gradient pressure added to the RA pressure).

Pulmonary hypertension is present in several clinical
situations in Pediatric Intensive Care, especially following
cardiac surgery and in neonates. This makes its bedside
diagnosis by the pediatrician both interesting and useful
[51, 52].

6. Conclusion

Bedside echocardiography has become widespread in emer-
gency and Intensive Care Units. It is a useful tool in the
diagnosis and treatment of hemodynamic unstable adult and
pediatric patients. Adequate training of pediatricians from
Emergency and Intensive Care Units to perform focused
echocardiography is feasible and provides improved care of
severely ill children and thus should be encouraged.
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