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ABSTRACT
Objective: To determine the indication and necessity of echocardiographic assessment and therapeutic interventions in critically ill children.
Methods: A total of 140 children, including 75 mechanically ventilated (MV) and 65 spontaneously breathing (SB) children, who were admitted
consecutively from March to August 2013 were evaluated prospectively. Data regarding the indication for echocardiography and therapeutic
approaches used were documented. For evaluating disease severity, the Pediatric Risk of Mortality Score III (PRISM) was ascertained. The correlation between PRISM score and the requirement of echocardiographic evaluations were analyzed.
Results: Patients ages were between 45 days to 18 years. The male-to-female ratio was 1.33. In 35.4% patients who underwent echocardiographic evaluation, no definitive alteration occurred in treatment approach, whereas in the remaining 64.6% patients, decisive or supplemental information was gathered. Echocardiography was indicated in 88% MV children and 46.2% SB children. Echocardiographic evaluation was necessary
in MV children and there was a positive correlation between the PRISM score and the requirement of echocardiographic assessment (p<0.001).
Conclusion: Echocardiographic evaluation is an invaluable tool especially in MV children and the requirement of echocardiographic assessment
increases according to clinical severity. Basic training for intensivists in this procedure is crucial and needs to be improved and supported in
critically ill. (Anatol J Cardiol 2017; 17: 000-00)
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Introduction
To date, echocardiography has been used as an adjunct
in predicting patient outcomes. Relevant and easily obtainable information about hemodynamics is required for effective
therapeutic manipulation of circulation in critically ill children.
Hemodynamic monitoring of critically ill infants and children
noninvasively using echocardiography has been evaluated comprehensively (1–7). Echocardiography is an influential procedure
that allows direct visualization of the heart, guiding patients’ hemodynamic condition at the bedside. This hemodynamic estimate
informs physicians to guide therapeutic approaches like volume
resuscitation, initiation/discontinuation/alteration of vasopressor therapy and referral for specialist rapidly if cardiac or surgical attempt is necessary. Although there is plentiful evidence

regarding the use of echocardiography, clinicians lack data in the
pediatric critical care field (8). In adults, WINFOCUS (World Interactive Network Focused on Critical Ultrasound) has outlined
the ideal conditions and recommendations for intensivists’ education, getting accredited for the use of echocardiography in the
intensive care setting and the practical aspects of building an
ICU-based echocardiography service (9). The Portuguese Working Group on Echocardiography has improved a skill-based program, FADE (Fast Assessment Diagnostic Echocardiography) to
teach physicians in the use of bedside ultrasound as a diagnostic and follow-up instrument for critical patients (8). However; to
our knowledge there are only two training programs that implemented a training curriculum for pediatric intensivists to perform
fast and primary echocardiography allowing rapid modifications
in treatment at the bedside (10–12). The use of echocardiography
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in pediatric intensive care unit s (PICUs) is likely to become routine in the future. We believe that it is a good idea for the bedside
clinician to be adept at basic echocardiographic evaluation that
may influence ongoing therapy in a patient even though the parameters that may be useful remain unidentified. Therefore we
aimed to find out indications for echocardiographic assessment
in critically ill children, the relationship between the necessity
and clinical severity of patients evaluated using the PRISM score
and mechanical ventilation status, and to verify the therapeutic
interventions performed after echocardiographic evaluation.

Methods
After approval from the local ethics committee, we collected
the data of 140 children, which included 75 mechanically ventilated (MV) and 65 spontaneously breathing (SB) children who were
admitted to the PICU of Ankara Hematology Oncology Children’s
Education and Research hospital consecutively over a time period
from March 2013 to August 2013. The design of the study was prospective. A total of 186 children were admitted to the unit between
these dates. Forty-six patients with duration of admission in PICU
<48 hours and who was admitted and discharged on weekends/
public holidays, and therefore not personally observed by the authors, were excluded. The PICU is a 14-bed, multidisciplinary, tertiary referral center in which nearly 450 patients are followed-up
annually. Children with all types of diseases with a high risk of organ dysfunction who admitted to PICU independent of the underlying disease were eligible for the study. The analysis of multiple
organ dysfunction syndrome (MODS) was accomplished according to the Wilkinson’s adapted criteria for children (13). The MV
children had evident failure of at least one vital organ (respiratory) according to pediatric MODS criteria. For the assessment of
disease severity, the Pediatric Risk of Mortality Score III (PRISM)
was used (14). The age group of the admitted children ranged from
45 days to 18 years. According to the diagnosis, all patients were
subjected to anamnesis, physical examination, and routine laboratory investigations. All children were monitored for parameters
related to the cardiovascular system, respiratory system and
urine output. According to the primary diagnosis at PICU admission, patients were classified into subgroups, which is detailed
at Table 1. Demographic data like age; gender; weight; PRISM III;
primary illness; manifest organ failure; mechanical ventilation
type [noninvasive, invasive, or HFOV (high-frequency mechanical
ventilation)]; mechanical ventilation duration; PICU stay length;
echocardiography indications; cardiovascular and hemodynamic
parameters that require cardiac evaluation like hypotension,
hypertension, arrhythmia, and symptoms suggesting congestive
heart failure (i.e., dyspnea, edema, hepatomegaly) were collected
and documented prospectively for statistical evaluation.
Distribution of patients according to echocardiographic findings were determined as follows: normal cardiac findings, heart
disease requiring medical treatment/surgical intervention (pres-
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Table 1. Demographic characteristics of the patients
Variables

MV (n=75)

SB (n=65)

P

Age, years, Mean±SD,
median

4±5.1 (1.9)

8.1±6.3 (6)

p<0.001

0–1

31 (41.3)

10 (15.4)

1–5

26 (34.7)

17 (26.2)

5–10

4 (5.3)

15 (23.1)

10–15

9 (12)

6 (9.2)

>15

5 (6.7)

17 (26.2)

Male, n (%)

42 (56)

38 (58.5)

Female, n (%)

33 (44)

27 (41.5)

Gender

Weight, kg,
Mean±SD, median
PRISM III
Mean±SD, median

p>0.05

15.8±17.7 (9.2) 30.7±23.3 (22) p<0.001
17.1±9.3 (14)

7.2±8.4 (5)

p<0.001

Primary illness, n (%)			p<0.05
Infectious diseases

18 (24)

17 (26.2)

Cardiogenic

7 (9.3)

2 (3.1)

Pulmonary

6 (8)

1 (1.5)

Neurological

16 (21.3)

8 (12.3)

Hematological–oncological

9 (12)

6 (9.2)

Metabolic

6 (8)

2 (3.1)

Nephrological

–

1 (1.5)

Endocrinological

1 (1.3)

1 (1.5)

Gastroenterological

2 (2.7)

–

Trauma/postoperative care

9 (12)

1 (1.5)

Poisoning

1 (1.3)

26 (40)

MODS criteria, n (%)			p<0.001
Cardiovascular

32 (42.7)

8 (12.3)

Respiratory

75 (100)

9 (13.8)

Neurological

67 (89.3)

28 (43.1)

Hematological

19 (25.3)

10 (15.4)

Renal

11 (14.7)

1 (1.5)

Hepatic

22 (29.3)

8 (12.3)

MV, n (%)			p<0.001
Noninvasive

22 (29.3)

–

Invasive

72 (96)

–

HFOV

1 (1.3)

–

3.7±2.2 (3)

–

Duration of MV, days,
Mean±SD, median
Noninvasive
Invasive
HFOV
PICU Stay Length, days

16.3±17.9 (9)

–

2 days

–

20.6±20.7 (13)

3.3±3.0 (2)

p<0.001
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ence of serious structural heart defects with significant left–
right shunts, severe congenital valve malformations, significant
patent arterial duct, dilated and hypertrophic cardiomyopathies,
tetralogy of Fallot, Pompe disease, pulmonary hypertension, intracardiac thrombus, idiopathic hypertrophic subaortic stenosis,
myocarditis, left ventricular hypertrophy secondary to hypertension), and heart disease not requiring medical/surgical treatment with only follow-up recommended (insignificant structural
heart defects and mild congenital valve malformations, patent
foramen ovale, small patent arterial duct, minimal pericardial effusion, subclinical hypoxic damage of the heart).
In our center, protective conventional mechanical lung ventilation was employed with positive pressure ventilation (15).
Mechanical lung ventilation was executed in collaboration with
volume treatment, parenteral and enteral nutrition and medical
support of circulation. We prefer minimally invasive procedures
to gather clinically useful hemodynamic data. The attending PICU
physician evaluates the hemodynamic condition of the patient
as part of the routine and indicates echocardiography if necessary. Transthoracic echocardiography (TTE) was performed at
bedside by the pediatric cardiologist and the echocardiographic
evaluation of cardiac performance was repeated according to
clinical necessity. Severe circulatory symptoms, such as reduction or rise in systemic pressures, arrhythmia, symptoms suggesting congestive heart failure and changing medical conditions were indications for consecutive investigations.
Patients were categorized to six groups according to indication
for assessment of echocardiography;
1. Cardiac murmur/suspected cardiac disease
2. Hypotension/Shock
3. Hypertension
4. Arrhythmia
5. Symptom suggesting congestive heart failure (i.e., dyspnea,
edema, hepatomegaly)
6. Others; postcardiac arrest, acute pneumothorax/pleural effusion, initiation of renal replacement therapy/chemotherapy,
refractory hypoxia, organ donation, intractable drug therapy,
postoperative hemodynamic problems, severe acidosis,
acute changes in serum calcium levels, troublesome seizures, chronic lung disease, preoperative evaluation/before
invasive procedures (i.e., tracheostomy, bronchoscopy, installing ports), detailed in Table 2.
The echocardiographic examination was performed by a pediatric cardiologist using commercially available Doppler system
(GE Vivid I; GE Medical Systems, Milwaukee, WI) and a Pedoff
transducer (3-MHz frequency). Two dimensional, M-mode, colorDoppler and spectral flow imaging were implemented according
to the recommendations of professional communities (16, 17).
Therapeutic interventions performed after echocardiography is recorded as: insignificant cardiac problem—follow-up
recommended, fluid replacement and regulation of vasopressor
therapy, regulation of antihypertensive therapy and recommendation/regulation of antiarrhythmic therapy, cardiac surgery and
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Table 2. Indications of echocardiography
Indication

MV (n=66)

SB (n=30)

P

3 (4.5)

4 (13.2)

p<0.05

24 (36.2)

4 (13.2)

p<0.001

6 (9)

3 (10)

p<0.05

9 (13.6)

7 (23.1)

p<0.05

Congestive heart failure
symptom, n (%)

2 (3)

1 (3.3)

p<0.05

Pulmonary hypertension

5 (6.7)

2 (3.1)

p>0.05
p<0.05

Cardiac murmur/Suspected
cardiac disease, n (%)
Hypotension/Shock, n (%)
Hypertension, n (%)
Arrhythmia, n (%)

Others, n (%)

22 (33.2)

11 (33.3)

Postcardiac arrest

3 (4.5)

Ø

Refractory hypoxia

3 (4.5)

1 (3.3)

Organ donation

1 (1.5)

Ø

Initiation of renal replacement
therapy/Chemotherapy

5 (7.6)

6 (19.8)

6 (9)

1 (3.3)

Severe acidosis
(Metabolic disease)

1 (1.5)

2 (6.7)

Preoperative evaluation/before
invasive procedures

3 (4.5)

1 (3.3)

Trauma/Postsurgery
hemodynamic problems

others [initiation or alteration of drug therapy (i.e., anticoagulation, prophylaxis of infective endocarditis, regulation of sedative/
analgesic drugs), and treatment of pulmonary hypertension]. At
the same time; effect of echocardiography to medications; if it
helped in decision making or provided a supplemental information or if it has no effect on patient’s treatment was recorded.
Statistical analysis
All the data were analyzed using software; SPSS for Windows 20 (Statistical Package For Social Sciences Inc., Chicago,
IL). According to Kolmogorov–Smirnov and Shapiro–Wilk normality tests, none of the variables were normally distributed.
Therefore, the collected data were analyzed using the Mann–
Whitney U-test and Spearman correlation coefficient was applied to analyze positive correlations between the variables. A p
value of <0.05 was considered as statistically significant.

Results
Demographic characteristics of the patients are listed on
Table 1. The male-female ratio was 1.33. Mean age was 5.9±6.0
(median=3) years. Echocardiography was indicated in 88% (n=66)
of MV children and 46.2% (n=30) of SB children by PICU clinician.
A total of 186 echocardiographic examinations were performed
according to clinic urgency, 137 in MV and 49 in SB children
respectively. Number of echocardiographic assessments were
2.8±1.4 times (median 2) in the MV group and 1.6±0.9 times (median 1) in the SB group.
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Echocardiography indications are summarized in Table 2, and
the therapeutic interventions performed after echocardiographic
evaluation (some patients were evaluated more than once and
some had more than one cardiac problem) are listed in Table 3.
Symptoms of circulatory compromise, reduction or rise in systemic pressures, arrhythmia, and congestive heart failure were
indications for consecutive echocardiographic investigations. In
35.4% (n=34) of all patients who underwent echocardiographic
assessment, no definitive change was made in the treatment
approach; on the other hand, in 64.6% (n=62) of all patients decisive or supplemental (clinically important) information was
gathered. Echocardiography confirmed the clinical impression
and frequently resulted in a change in management or prompted
additional investigations. In our study, 12 (16%) of MV children
and 3 (10%) of SB children required a multidisciplinary approach;
thus, additional consultations and investigations were required.
The study demonstrated that the necessity of echocardiographic evaluation was more prevalent in the MV group (p<0.001)
than the SB group. In addition, there was a positive correlation
between PRISM score and the requirement of echocardiographic evaluation (r=0.26) and this was statistically significant
(p=0.002, p<0.05).

Discussion
In this study we aimed to determine the indication and need
for echocardiographic assessment in critically ill children and
according to our results, the need for echocardiographic evaluation was higher in MV children, and the severity of the patients significantly increased the requirement. An ultrasound
or an echocardiographic machine is usually available in most
centers. Bedside echocardiography can image the great veins,
ventricular size, and contractility, and is an important, noninvasive, portable, and rapid diagnostic instrument in the PICU facilitating detection of reversible and time dependent conditions
early (18–20). Some authors point out that a remarkable change
in treatment occurs in only a small percentage of adult patients
(21), whereas some other show that a significant change in
management resulted in most of the patients (19, 22, 23). In our
study, a decisive or supplemental information was obtained in
64.6% patients. To our knowledge, studies available in literature
are very few in this regard (11, 23, 24) and our study is first to
be conducted prospectively comparing the two groups. Stanko
and coauthors reported that TTE resulted in a change in the
diagnosis and management frequently (25). According to Kobr
et al. (26), repeated bedside echocardiography was a useful
addition to the inclusive hemodynamic monitoring of critically
ill children because it complements standard monitoring about
the cardiac status. Some studies confirm that the monitoring of
changes in myocardial performance indexes provides valuable
information (26–29) and their methodology can be performed
by a trained intensivist (26). A study conducted in children
with septic shock showed that bedside echocardiography was
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Table 3. Therapeutic interventions performed after echocardiography
Intervention
		

MV
n (%)

SB
n (%)

Insignificant cardiac problem
—Follow-up recommended

12 (18.1)

12 (40)

Fluid replacement and regulation
of vasopressor therapy

44 (58.7)

3 (10)

12 (16)

2 (6.7)

16 (21.3)

7 (23.1)

Regulation of antihypertensive therapy
Recommendation/regulation of
antiarrhythmic therapy
Cardiac surgery

3 (4.5)

Ø

Congestive heart failure treatment

8 (10.7)

1 (3.3)

Others

13 (19.7)

2 (6.7)

Pulmonary Hypertension therapy

5 (7.6)

1 (3.3)

Initiation/discontinuation/
alteration of other drugs

8 (12.1)

1 (3.3)

Additional investigations/
consultations recommended

12 (18.1)

3 (10)

*Some patients had more than one cardiac problem and underwent more than one
assessment

useful in assessing children in shock (30). Also Pershad et al.
(20) determined that bedside limited echocardiography by the
emergency physician (BLEEP) can be performed with focused
training, and the images captured by BLEEP were of adequate
quality when judged by an objective pediatric cardiologist.
They suggested that BLEEP examination may provide unbiased,
rapid, noninvasive information about ventricular function and
right ventricular filling in critically ill pediatric patients in emergency department (20). The WINFOCUS experience has suggested the ideal conditions and recommendations for intensivists education in adults, getting accreditation for the use of
echocardiography in the intensive care setting (9). At the same
time, the Portuguese Working Group on Echocardiography has
improved the skill-based program FADE to teach clinicians the
use of bedside ultrasound to level-1 competency in echocardiography and chest ultrasound, enabling intensivists to determine major causes of hypotension, respiratory failure, and the
need for a second opinion. Consistent with the literature, in our
study the most common indications were hypotension (23) and
assessment of left ventricular function.
Education and accreditation programs aiming to provide
level-1 proficiency adapted to national needs and sensitivities
are appearing in many countries and there are obvious national
differences in education and accreditation programs, even for
cardiologists (8). As far as we know, there is few training programs which implemented a training curriculum for pediatric
intensivists to perform fast and primary echocardiography (12),
which one of them allows the treatment to be arranged rapidly
at the bedside in a tertiary, non-cardiac PICU as well as training
intensivists established within their fellowship curriculum (11).
In addition, in this study a pediatric cardiology specialist—who
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was blinded to performer—scored and judged the image quality
and interpretation with a global assessment which was striking.
The credentialed providers had more precise image interpretation than the unsupervised noncredentialed group (10). Nevertheless, all intensive care echocardiography studies to date
lacks a systematic training program at the institutional level (31)
because the groups of patients admitted to PICU requires particular expertise relating to the specific needs, such as trauma,
medical, and surgical conditions. Therefore, although many
sources support the principle of training clinicians to perform
echocardiography, the approach and the dataset still remains
undefined.
In addition, we considered the methodology, parameter selection, and investigator experience while performing echocardiography during mechanical ventilation. In a previous study,
authors stated that chest movement during mechanical ventilation does not decrease the quality of the obtained data (26).
Restrictions of echocardiographic views are ventral pneumothorax or left-sided alveolar hyperinflation, which decreases
image quality (32). Any inaccuracies were balanced when the
same investigator assess all the measurements in each patient
as in our study. Nevertheless all the above limitations do not
decrease the importance of echocardiography because it is
noninvasive, readily accessible, and repeatable for the assessment of cardiac performance (26). Khilnani et al. (33) stated that
the use of bedside echocardiography by pediatric intensivists
is evolving and fundamental but this may result in diagnostic
and procedural mistakes without proper training and expertise.
Formal training in courses of limited echocardiography obtained by intensivists has following limitations: learning curve
is steep for the technique, there is interobserver variability,
and interpretation is difficult in the presence of confounding
factors—i.e., spontaneously breathing versus MV patients,
raised intraabdominal pressure, low tidal volumes, and low
lung compliance effects the assessment of echocardiography.
There are few studies in adults regarding the feasibility and
potential clinical utility of TTE performed by intensivists in critically ill patients with handheld devices (19, 34, 35). Also handheld ultrasound devices represent an alternative to standard
echocardiographic systems in pediatric cardiology, so systems,
including all echocardiographic modalities, offer unlimited versatility in intensive care (36). Baron et al. (37) reported that the
use of echocardiography by intensivists under supervision of
cardiologists goes together but still there is need for specific
education in echocardiography for intensivists worldwide.
Bedside echocardiography in critically ill children can sometimes be a dilemma because it depends on only pediatric cardiologists to come and evaluate on off hours and unfortunately
we cannot consult a pediatric cardiologist for 24 hours. Even
though PICU setting lacks the evidence supporting the introduction of echocardiography, we believe that training for intensivists in this technique, at least for basic echocardiography, is
an emerging issue.
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Study limitations
As authors we are aware of limitations related to its design
(single-centered) and the scarcity of existing opportunities in a
developing country environment.

Conclusion
In the light of our results; echocardiographic evaluation is an
invaluable tool especially in MV children and the requirement of
echocardiographic assessment increases according to clinical
severity. This noninvasive monitoring tool helps intensivists in
the adjustment of therapy in the PICU setting. We believe that
the use of echocardiography by intensivists and pediatric cardiologists goes together. However, in the future, it can be used at
the bedside in the hands of pediatric intensivists with adequate
training and quality control for primary echocardiographic assessment. Training of intensivists in this regard is crucial and
needs to be improved and encouraged in critically ill patients.
Guiding future studies and formative programs regarding basic
training are required to accomplish this expectation.
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