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Point-of-care ultrasound (POCUS) or critical 
care ultrasound is a bedside ultrasonographic 
assessment and is applied to patients by the 
clinician in charge.1 It provides rapid and real 
time answers about the clinical problems of 
patients. Use of bedside ultrasonography by 
clinicians other than radiologists is gradually 
becoming common.2 Pediatricians commonly 
use POCUS, especially in emergency and 
intensive care departments. In fact, POCUS has 
become a part of the physical examination of 
critically ill children in pediatric intensive care 

units (PICUs) in recent years.3,4 Patients in PICUs 
frequently have critical problems and need 
quick assessments due to their hemodynamical 
instability.5 Through POCUS results, clinicians 
can manage treatment approaches. The most 
important advantages of this technique are that 
it is easy to use, repeatable, noninvasive, cheap, 
painless and radiation-free.6

Adult studies have shown improved clinical 
outcomes in patients with the use of POCUS.7 

Clinicians can use POCUS with many aspects, 
such as critical care echocardiography 
to evaluate myocardial contractility and 
cardiac index measurements or to detect 
pericardial tamponade8, lung ultrasound to 
evaluate pneumothorax, pleural effusion and 
pneumonia9, ophthalmic ultrasound for the 
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ABSTRACT

Background. Point-of-care ultrasound is commonly used in pediatric intensive care units in recent years. The 
aim of this study was to find an answer to the question “where are we now in Turkish pediatric intensive care 
units for point-of-care ultrasound use?”. 

Methods. This was a multicenter, descriptive study in which we developed an online survey. We asked 45 
questions about point-of-care ultrasound using fields and training status of clinicians in pediatric intensive care 
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Results. A total of 29 units responded to the questions completely. Of all included units 41.4% were in public 
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common use of point-of-care ultrasound was central venous catheter insertion. Lung ultrasound use rates for 
detection of pleural effusion, evaluation of pneumothorax, and diagnosis of pneumonia were 93.1%, 86.2%, 
and 34.5%, respectively. Critical care echocardiography use rate was 79.3%. In 89.7% of the units, intensive care 
specialists had been specifically trained for the use of point-of-care ultrasound. 

Conclusions. Our study showed that point-of-care ultrasound was not only used for central venous 
catheterization but also for widespread fields in pediatric intensive care units. With an experienced team, it 
is possible to perform rapid, noninvasive and repeatable ultrasonographic assessment of patients. In our view 
point-of-care ultrasound is the new stethoscope of critical care physicians.
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clinical follow-up of increased intracranial 
pressure with optic nerve sheath diameter 
(ONSD) measurements10, fast intraabdominal 
assessment to detect perihepatic or perisplenic 
hemorrhage11, vascular ultrasound to insert 
central venous catheter or invasive arterial 
catheter12, to measure vena cava inferior 
maximum and minimum diameters to evaluate 
the volume status of patients with vena cava 
inferior collapsibility index13 (spontaneous 
breathing patients) and vena cava inferior 
distensibility index (mechanically ventilated 
patients).14 

In the world and in our country, most PICUs 
have POCUS technology, and the frequency 
of training courses intended for pediatric 
intensive care and emergency care specialists 
are increasing.15 There are many adult studies 
on POCUS use in intensive care units; however, 
in the pediatric field, the reports of pediatric 
emergency departments stand out.16 There is 
limited data available in the literature describing 
the status and fields of use of POCUS in PICUs. 

The main purpose of our study was to analyze 
the use of POCUS in Turkish PICUs. We aimed 
to detect the common clinical applications of 
POCUS and the training status of pediatric 
intensive care specialists in tertiary PICUs at 
university and state hospitals in Turkey.

Material and Methods

We planned a multicenter, cross-sectional, 
descriptive study. We developed an online 
survey using the SurveyMonkey online platform, 
including 45 questions. The main topics of the 
survey were the descriptive characteristics of 
the hospital and the physician responding to 
the survey, features of the ultrasound machine, 
POCUS application fields and frequencies in 
the PICU and training status of the clinical staff 
including clinicians and nurses. The survey was 
distributed by the Turkish Society of Pediatric 
Emergency and Intensive Care to the clinical 
chiefs of PICUs via e-mail. The study protocol 
was approved by the local Ethical Committee of 

Çukurova University Medical Faculty (March 
2019; 86). 

Results

Characteristics of chief in charge for the survey 
and PICU’s

The survey reached 36 units, and 29 of them 
responded to the questions completely. Each 
survey was answered only once by each PICU 
and by the chief clinician of the department. 
The pediatric intensive care experience of the 
participant chief of the department was below 
5 years in 48.3% (n = 14), 6-10 years in 31.0% 
(n = 9), 10-15 years in 17.2% (n = 5) and above 
15 years in 3.4% (n = 1). Of all included PICUs, 
41.4% (n = 12) were in public hospitals, 6.9% (n = 
2) in city hospitals (public-private partnership) 
and 51.7% (n = 15) in university hospitals. All 
participating PICUs only provided medical and 
post-surgery care for pediatric patients. The 
types of patients followed in PICUs are shown 
in Table I.

Of all units, 27.6% (n = 8) had fewer than 10 beds, 
51.7% (n = 15) had 11-20 beds, 13.8% (n = 4) had 
21-40 beds, and 6.9% (n = 2) had more than forty 

Table I. Types of patients followed in 29 pediatric 
intensive care units.

Type of patients
Number (%) 

of PICUs 
involved

Multiple trauma 22 (75.9)
Medical

Neuromuscular 29 (100.0)
Metabolic disorders 28 (96.6)
Gastroenterology 25 (86.2)
Endocrinology 29 (100.0)
Nephrology 28 (96.6)
Infectious diseases 29 (100.0)

Cardiac surgery 16 (55.2)
Neurosurgery 24 (82.8)
Extracorporeal membrane oxygenation 14 (48.3)
Transplant 8 (27.6)
Postoperative pediatric surgery 26 (89.7)
PICUs: pediatric intensive care units
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beds. As for the number of physicians on staff, 
10.3% (n = 3) of the units had more than eight 
physicians, 24.1% (n = 7) had between five and 
eight and 65.5% (n = 19) had fewer than five.

Status of ultrasound machine in PICU

Of all the PICUs, 96.6% (n = 28) had a dedicated 
ultrasound machine, and 41.4% (n = 12) of those 
shared the ultrasound machine with other units 
in the hospital. Only one (3.4%) of the units that 
responded to our survey had no ultrasound 
machine. Of the PICUs with ultrasound 
machines, 72.4% (n = 21) had portable systems, 
while 27.6% (n = 8) had non-portable ones.

Clinical use of POCUS

A total of 55.2% (n = 16) units reported clinical 
using of POCUS daily, 41.4% (n = 12) of them 
every two or three days, 3.4% (n = 1) weekly. In 
72.4% (n = 21) of the PICUs, more than 75% of 
the pediatric intensive care specialists regularly 
used POCUS for clinical assessment, and this 
frequency range changed between 50% to %75 
in 14.2%, 25% to 50% in 3.5% and fell below 25% 
in 10.7%. In 89.7% (n = 26) of the PICUs, intensive 
care specialists had been specifically trained for 
the use of POCUS. All participants agreed on 
the clinical benefits of the use of POCUS for the 
assessment of critically ill children in PICUs. 
Table II shows the purposes and frequencies 
of use of POCUS. The most common use of 
POCUS was central venous catheter insertion 
(n = 16; 55.2%). A total of 7 (24.1%) units never 
used anatomical land-marks for catheterization 
and always inserted central venous catheter 
with real-time POCUS (internal jugular vein in 
100%, femoral vein in 62.1%, subclavian vein in 
13.8%). Twelve units (41.4%) used POCUS for 
arterial catheterization and two units always 
inserted the arterial line with POCUS. Fourteen 
units (48.3%) reported that they never used 
POCUS for arterial line insertion. Critical care 
echocardiography use rate in PICUs was 79.3% 
(n = 23) in our study (assessment of myocardial 
contractility in 59%, cardiac output and cardiac 
index in 31%, pericardial effusion in 93%). The 
results of our survey showed that 31% of the 

units in our country used POCUS for ONSD 
measurements in patients with increased 
intracranial pressure. Twenty-four (82.8%) of 
our participating specialists were trained by 
the Turkish Society of Pediatric Emergency 
and Intensive Care for POCUS use. In addition; 
the nurses in one of the participating units had 
training about ultrasound use for peripheral 
venous catheter insertion. Sixteen units (55.2%) 
agreed on the necessity of nurse training.

Discussion

Use of POCUS has led to great advances in 
rapid and repeated evaluation and intervention 
of critically ill pediatric patients in PICUs. 
Day by day, the use of POCUS becomes 
an important skill for pediatric critical care 
medicine providers.17 Most adult studies have 
shown that POCUS use improves the clinical 

Table II. Purposes of point-of-care ultrasonography 
in pediatric intensive care units.

Purposes 
Number (%) 

of PICUs 
involved

Critical care echocardiography 23 (79.3)
Assessment of cardiac contractility 17 (58.6)
Assessment of cardiac index 9 (31.0)

Management of cardiorespiratory 
arrest 16 (55.2)

Assessment of airway 3 (10.3)
Assessment of nasogastric tube 2 (6.9)
Assessment of intravascular blood 
volume

Vena cava inferior collapsibility index 12 (41.4)
Vena cava inferior distensibility index 8 (27.6)

Central venous catheter insertion 16 (55.2)
Arterial catheterization 12 (41.4)
Diagnosis of pneumothorax 25 (86.2)
Diagnosis of pneumonia 10 (34.5)
Diagnosis and intervene of pleural 
effusion 27 (93.1)

Assessment of free intraperitoneal fluid 21 (72.4)
Assessment of diaphragm paralysis 13 (44.8)
Assessment of optic nerve 9 (31.0)
PICUs: pediatric intensive care units 
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outcomes of critically ill patients and decreases 
mortality and morbidity.18 In recent years, most 
PICUs have acquired POCUS technology, and 
the training courses for pediatric intensive care 
specialists have become popular.15 The aim of 
our study was to detect the frequency of use and 
availability of POCUS and the specific training 
status of pediatric intensive care specialists in 
Turkish PICUs. 

Echocardiography is becoming a standard of 
critical care in many intensive care units, and 
more clinicians are learning how to perform 
bedside critical care echocardiography 
techniques as more pediatric intensivist are 
becoming familiar with POCUS in PICUs.19,20 

The echocardiography type referred to as 
critical-care echocardiography has become a 
part of the routine evaluation of patients in 
the PICU by pediatric intensivists.20,21 This 
noninvasive technique allows the intensivist to 
measure ejection fraction, cardiac output and 
cardiac index and to assess pericardial effusion 
and becomes a guide for the management of 
treatment and ensuring the hemodynamic 
stability of critically ill patients.21 The importance 
of cardiac index in guiding fluid and inotropic 
management in septic shock was emphasized in 
the recent clinical practice parameters published 
in 2017, which highlighted the significance 
of cardiac index measurement in the PICU.22 
In another survey similar to our study, the 
results showed a 72.7% rate of POCUS use 
for the assessment of cardiac function. In the 
first national survey from the USA, Lambert 
et al.23 reported a 37.5% rate of POCUS use for 
myocardial function. In our survey, the rate of 
critical care echocardiography use in Turkish 
PICUs was found to be 79.3% (assessment 
of myocardial contractility in 58.6%, cardiac 
output and cardiac index in 31%, pericardial 
effusion in 93.1%).

Community-acquired and ventilator-associated 
pneumonia are common and important 
problems in PICUs.24,25 In addition, chest X-ray 
is still a widespread tool for the diagnosis of 
pneumonia. In the last years, most studies 
have shown that bedside lung ultrasound 

performed by pediatric critical care providers 
was highly accurate for the diagnosis of 
pediatric pneumonia.25 Lung ultrasound has 
proven useful for detecting lung abnormalities 
in adults, and recent studies have reported the 
usefulness of lung ultrasound in children with 
pneumonia and bronchiolitis.24,25 Furthermore, 
if you can use POCUS for the diagnosis of 
pneumothorax, intervention can be easy and 
rapid and can manage pleural effusion drainage 
with less complication and greater success.26-28 
Besides, lung ultrasound allows the evaluation 
and drainage of pleural effusion, which is 
another useful aspect of lung ultrasound. The 
most important advantage of lung ultrasound 
is that it is a radiation-free technique.1,28 Cortes 
et al.29 reported POCUS use rates for pleural 
effusion, pneumothorax and other lung 
diseases such as pneumonia as 73.3%, 50% 
and 46.7%, respectively.30 Our survey results 
showed that 93.1% of the units used POCUS to 
detect pleural effusion, 86.2% for the evaluation 
and intervention of pneumothorax, 34.5% for 
pneumonia diagnosis, 72.4% for the drainage of 
pleural effusion and 31% for the clinical follow-
up of pneumonia in our country.

The use of POCUS decreases the risk of 
complication and the number of attempts 
in some procedures such as central-
peripheral venous catheterization and arterial 
catheterization. It has been reported that the 
use of US guidance significantly improves the 
rate of successful peripheral intravenous access, 
especially in patients who are difficult to access 
and decreases the amount of time to perform 
the procedure, the number of percutaneous 
punctures and needle redirections compared 
to traditional approaches such as palpation 
and landmark guidance.30 Pediatric critical 
care nurses had training for ultrasound use for 
peripheric venous catheter insertion only in one 
of our participating units. We thought that this 
was a low ratio for our study, and when we 
asked about the necessity of POCUS training 
for nurses, nearly half of our participating 
units stated that they found this use of POCUS 
redundant.
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In pediatric emergency and intensive care 
departments, central venous catheter placement 
may be required in life-threatening conditions 
where fluid and drug resuscitation are needed 
or in complex patients with poor vascular 
access. Ultrasound-guided pediatric central 
venous catheterization has been shown to be 
superior to traditional landmark and palpation 
techniques.31 A survey study reflecting the 
results of 128 PICUs in the USA showed that 
using POCUS for central venous catheterization 
was more common than peripheral or arterial 
catheter insertion and the internal jugular vein 
was the preferred initial site in their survey, 
similar to our results.23 The most common use 
of POCUS in our survey was central venous 
catheter insertion. Furthermore, 24.1% of the 
units never used anatomical land-marks for 
catheterization and always inserted central 
venous catheter with real-time POCUS.

Arterial catheterization, commonly used in 
infants and small children in intensive care 
units and operating rooms, can be technically 
challenging.32 Nevertheless, the ultrasound-
guided technique improves the first-attempt 
success rate in both adults and children.33 The 
author of another survey study from Spain 
reported a POCUS use rate of 75% for arterial 
catheterization.29 The survey results showed 
that 41.4% of the units in our country used 
POCUS for arterial catheterization and 16.6% 
of them always inserted the arterial line with 
POCUS.

One of the most important parts of POCUS for 
noninvasive and rapid assessment of fluid status 
in critically ill children is the measurements 
of vena cava inferior diameters.13 Vena cava 
inferior is a vessel that is highly sensitive to 
fluid changes, and the collapsible vessel varies 
in size with respiratory changes in intra-thoracic 
pressure.34 There is a vena cava collapsibility 
index for children with spontaneous breathing 
and a distensibility index for mechanically 
ventilated children. These features of inferior 
vena cava have allowed pioneering clinicians 
to measure both collapsibility indexes.35 We 
asked about vena cava inferior maximum and 

minimum diameter measurements and vena 
cava inferior collapsibility index (children with 
spontaneous breathing) and vena cava inferior 
distensibility index (mechanically ventilated 
children) use for the management of fluid 
treatment, and the responses of participants 
showed that 43.4% of the units commonly used 
the collapsibility index and 27.6% commonly 
used the distensibility index in their units.

One such noninvasive modality includes 
the estimation of ONSD use in bedside 
ultrasounds.10 The optic nerve sheath is an 
anatomical extension of the dura mater, and 
the subarachnoid space around the optic nerve 
is continuous with the subarachnoid space.36 
Due to this direct communication, pressure 
changes in the intracranial compartment are 
transmitted to the intra-orbital subarachnoid 
space around the optic nerve. Dilatation of 
the optic nerve sheath has been shown to be 
a much earlier manifestation of intracranial 
pressure rise.37 It is not easy to take computed 
tomography or magnetic resonance images 
in a hemodynamically unstable patient. 
Ultrasound technology allows to take repeated 
and radiation-free images of the optic nerve 
sheath in patients with increased intracranial 
pressure at the bedside.38 The results of our 
survey showed that 31% of the units in our 
country used POCUS for ONSD measurements 
in patients with increased intracranial pressure. 

The current cardiopulmonary resuscitation 
guidelines recommend performing POCUS 
when a reversible cause of cardiopulmonary 
arrest is suspected, although it is stated that 
improvement of outcomes with the use of 
POCUS in cardiopulmonary arrest has not 
been yet demonstrated. POCUS is helpful in 
cardiopulmonary resuscitation in diagnosing 
reversible causes of cardiac arrest.39 The rate 
of bedside ultrasound use for the efficacy of 
cardiopulmonary resuscitation was found to be 
55.2% in our study.

Point-of-care ultrasound has been reported 
as a diagnostic tool for the confirmation of 
nasogastric tube placement for neonates and 
adults in the literature.40-42 The results of these 
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studies showed a decreased need for abdominal 
radiography for nasogastric tube placement. 
Our results showed that 6.9% of our units 
sometimes use POCUS to verify nasogastric 
tube location.

In recent years, the training curricula for 
pediatric emergency care and critical care 
providers have gradually increased. The results 
of one study showed a high concordance 
between echocardiographic image quality 
and trained pediatric critical care providers 
and cardiologists. In the same study, Conlon 
et al.42 detected significantly increased image 
interpretation ability in trained clinicians 
compared to the others. Most of the participants 
in our survey were trained in the course 
organized by the Turkish Society of Pediatric 
Emergency and Intensive Care. This provided 
a homogeneity for the fields of use of POCUS. 
We think that the rise of training courses is 
important for the common use of POCUS in 
PICUs.

Our study had some limitations. As with the 
other voluntary surveys, our results could not 
directly show the real frequency of use and 
likely only showed the views of those surveyed. 

In conclusion, POCUS is an important technology 
frequently used in most PICUs in Turkey. In our 
view, POCUS is the new stethoscope of critical 
care physicians. If you have POCUS and have 
an experienced team, you can perform fast, 
noninvasive and repeatable assessments with 
clinical changes of patients without the need for 
an external consultant. Our study shows that 
POCUS was not only used for central venous 
catheterization. The results revealed the most 
important clinical benefits of POCUS use by 
pediatric intensive care providers. Our results 
confirm the widespread use of POCUS in 
PICUs. We believe that our study is important 
in terms of the training status of clinicians for 
POCUS use. Despite the good training level and 
homogeneity of training status in our country, 
we believe that the training courses should 
continue to increase.
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