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Introduction: Lung ultrasound (LUS) as an assessment tool has seen significant
expansion in adult, paediatric, and neonatal populations due to advancements in
point-of-care ultrasound over the past two decades. However, with fewer
experts and learning platforms available in low- and middle-income countries
and the lack of a standardised supervised training programme, LUS is not
currently effectively used to the best of its potential in neonatal units.
Methodology: A cross-sectional survey assessed the efficacy of learning LUS
via a mentor-based online teaching module (NEOPOCUS). The questionnaire
comprised the clinicians’ demographic profile, pre-course skills, and self-
assessment of skill acquisition after course completion with ongoing hands-
on practice.
Results: A total of 175 clinicians responded to the survey, with the majority
(87.9%) working in level 3 and 4 neonatal intensive care units. Clinicians had
variable clinical experience. Of them, 53.2% were consultant paediatricians/
neonatologists with over 10 years of experience. After the course, there was a
significant increase in clinician confidence levels in diagnosing and assessing
all LUS pathology, as evidenced by the increase in median cumulative scores
[from baseline 6 (interquartile range, IQR, 6–9) to 20 (IQR 16–24), p < 0.001]
with half of them gaining confidence within 3 months of the course.
Conclusion: An online curriculum-based neonatal lung ultrasound training
programme with clinician image demonstration and peer review of images for
image optimisation increases self-reported confidence in diagnosing and
managing neonatal lung pathology. Web-based online training in neonatal
lung ultrasound has merits that can help with the delivery of training globally,
and especially in low- and middle-income countries.
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Introduction

Point-of-care ultrasound (POCUS) is an emerging imaging

modality in critical care medicine. Integrating POCUS with the

clinical presentation of a sick patient represents a transformative

change in conventional practice, especially in the intensive care

unit. Being a real-time bedside tool with no risk of radiation

exposure, it is intended as an adjunct alongside clinical

correlation in the management of small and sick neonates. It is

used both as a diagnostic aid and to support therapeutic

procedures. It enables bedside clinicians to make decisions in

real time (1, 2).

The use of POCUS by neonatal intensive care clinicians has

been dramatically augmented in recent years, with the acquisition

of skills through certified training programmes (1–4). In

neonates, lung ultrasound (LUS) is emerging as a relatively more

recent skill that has paved the way for early and timely diagnosis

of various respiratory disease states, such as pneumothorax,

pleural effusion, pneumonia, and respiratory distress syndrome

(RDS). Functional applications include LUS scoring for the

management of RDS. Using LUS can reduce the time needed for

management decisions, such as the need for surfactant in

neonates with RDS. It can also aid intercostal drainage in the

case of babies with pneumothorax and pleural effusion. LUS can

be beneficial in units that lack the facility of bedside X-rays. It

can help prevent the transportation of the sickest and smallest

neonates to radiology in such circumstances. Sonography of the

lung can be performed quickly, minimising handling of the baby

and avoiding radiation (2).

Being primarily an operator-dependent tool, learners must

have effective training with a robust learning curve. This must be

facilitated via well-designed LUS training programmes covering

an established comprehensive curriculum. The curriculum

content should be designed to maximise learning and skill

acquisition while ensuring patient safety (5–7). The intention

should be to impart relevant knowledge and skills to the learner

that enable clinical practice with a defined framework, standards,

and governance. The training module should be based on adult

learning principles (Kolb’s cycle) and be learner-friendly and

achievable. The limitations of performing LUS should be known

to learner physicians. The intention is not to take over the

radiologist’s role but to assist in real-time bedside assessment of

the disease process, evaluate the response to treatment, and assist

procedures in the absence of these full-time specialists (8, 9).

Such standards have now been developed by learned societies

and international bodies in neonatology, such as the American

Academy of Paediatrics (AAP) (10), the European Society of

Paediatric and Neonatal Intensive Care (ESPNIC) (11), and

others (12). The real question, then, is how best to deliver

lung ultrasound training in practice to allow learners to

perform LUS safely. The learning curve has yet to be

established in neonatology.

Existing training programmes in LUS include those delivered

face-to-face and via e-learning (10–13). Some challenges of the

existing LUS training in neonatology are that courses are of short

duration (1–2 days), cannot provide sufficient time for supervised
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hands-on training, and do not provide ongoing support after

course completion. This does not give the participants the benefit

of expert supervision and ongoing assessment of competency and/

or experiential learning that is needed to master all the technical

and diagnostic aspects of LUS as espoused in the standards above

(10–12). Furthermore, not everyone can travel to attend face-to-

face courses and/or train in dedicated neonatal LUS fellowships.

These problems are magnified in low- and middle-income

countries where there is not only a shortage of trainers locally, but

the cost involved in getting such training abroad is prohibitively

expensive. Online portals and training modules can allow learners

worldwide to train in lung ultrasound remotely. They can connect,

interact, share experiences with experts without travelling, and

interact with other learners (14–16). The question remains

whether such training allows participants to gain experiential

learning in LUS, which is needed to perform, interpret, and make

decisions in sick neonates confidently.

The aim of the present study was to investigate the impact of

online lung ultrasound training with mentoring on the

acquisition of skills and to assess learner confidence in applying

these skills and making decisions based on them after completing

such training.
Methodology

LUS training was imparted to learners as part of an online

POCUS module (NEOPOCUS) conducted by an expert in the

field of POCUS based in India over 6 months. The expert who

delivered the module is a neonatologist with 24 years of

experience in neonatology, a member of the Neonatologist

Performed Echocardiography (NPE) group of the European

Society of Paediatric Research, with more than 15 years of

experience in POCUS. He has been the chairperson of the

Ultrasound and Echocardiographic Committee of the National

Neonatology Forum (NNF) since 2012.

The other modules in the POCUS module (NEOPOCUS)

included cranial US, gut US, renal US, echocardiography,

assessment of lines, and use of US in procedural skills such as

lumbar puncture. The LUS module was conducted over 1 month

(eight sessions). It comprised a curriculum consisting of didactic

teaching (Terminology, Ultrasound Physics, Knobology, Machine

Settings), recognition of the normal lung (terminologies such as

lung sliding, A and B lines and all relevant signs), and

recognition of lung pathology [RDS, transient tachypnoea of

newborns (TTNB), pneumothorax, pleural effusion,

consolidation, atelectasis, and pneumonia]. Additional sessions

covered LUS scoring and procedures like chest drain insertion.

The course was designed as two sessions per week, each with a

duration of 120–150 min. The total duration was 16 h. The initial

hour of each session, after the introductory section, was spent on

peer review of the images presented by the clinicians of lung

ultrasound scans performed in their respective units. The

intention was to help participants consolidate their theoretical

learning and practical experience in these live face-to-face

sessions. This was aided by expert critique to improve image
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acquisition, quality, and interpretation. The latter half of the

session covered the next part of the curriculum. Participants also

learnt from other colleagues’ images, enabling a review of various

neonatal lung conditions with clinical correlation. This helped

with experiential learning and fulfilled elements of Kolb’s cycle of

adult learning.

Four batches have been trained over 2 years (January 2021 to

December 2022), comprising 185 clinicians. The four courses

were similar in content, delivery of education, and time for

practice and peer review. The lead expert specialist delivered peer

review across all the batches. In early 2024, we conducted a

cross-sectional survey over 2 weeks. We invited all the

participants from four batches for their feedback regarding their

learning, skill acquisition from the course, confidence in

diagnosing pathology, and the utility of lung ultrasound in

decision-making. All the course participants were practising

neonatologists/paediatricians interested in neonatology, with the

majority having access to point-of-care ultrasound at their

respective centres.

The questionnaire included demographic data, information

regarding their pre-course skills, self-assessment of confidence in

performing LUS, and ability to diagnose, report, and make

management decisions for each disease state in the neonatal

intensive care unit (NICU) (Supplementary File S1). The survey

was initially evaluated for ease of completion and feasibility by

seven practising neonatologists. After further modifications, the

final version was disseminated to all the clinicians of the four

batches by email using an online survey tool, with a brief

background and purpose for conducting this study. Clinicians

were invited initially, with two subsequent reminders. Missing

data were excluded from the final analysis for that specific

question. Consent was implied for participation in the survey. All

data received were kept confidential. No incentives were offered

to participate in the survey.
FIGURE 1

Levels of care in NICUs provided by clinicians.
Statistical analysis

For analysis of responses and scoring the confidence level for

each lung pathology, we utilised a Likert scale in the range of 1–

5, with 1 indicating no confidence and 5 representing the highest

confidence level. The scoring was also applied to other responses

and a biostatistician completed an analysis.

The normality of the continuous variables was assessed using

the Kolmogorov–Smirnov test, and non-normally distributed

continuous variables are presented as the median [interquartile

range (IQR)]. Categorical variables are presented in frequency

(%). The Wilcoxon signed-rank test was used to compare the

median scores between baseline and post-observations. The

association of the change groups with independent variables was

evaluated using the appropriate chi-square test or Fisher’s exact

test. All the results are presented at a minimum two-sided 95%

confidence interval. Graphical representation of the variable was

carried out using the bar diagram and box plot. All the statistical

analyses were performed using the Statistical Package for Social

Sciences version 23 (SPSS-23, IBM, Chicago, IL, USA).
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Results

In total, 175 (94.6%) respondents participated in the survey, of

which all but one were practising doctors or medical specialists in

neonatology or paediatrics with a neonatal interest. Of the

respondents, 148 (84.6%) reported having complete access to

point-of-care ultrasound services in their unit during the course.

Most clinicians (87.9%) worked in level 3 and 4 NICUs, with

only 2% and 11% stationed at levels 1 and 2, respectively

(Figure 1). The clinical experience of the respondents varied,

with 53.2% working as consultant paediatricians/neonatologists

with more than 10 years of experience, 25.7% working as

consultant senior specialists with 5–10 years of experience, and

21.1% working as trainees/registrars (Figure 2).

Only 4% of the survey participants reported that their

institution had an adopted training pathway for accreditation in

neonatal POCUS (cranial, lung, cardiac, or vascular access),

whereas 26.9% had informal non-certified training (based on the

principle of see, learn, do) with no specific curriculum. Most

clinicians (69.1%) had no prior training in POCUS or LUS.

Despite the widespread use of POCUS across specialties

globally, 65.9% of responders specified that adult or paediatric

radiologists primarily performed and interpreted reported LUS in

their respective units. Only 13.2% of such assessments were

performed by trained neonatologists with or without

accreditation. A further 21% did not perform LUS at all.

On explicitly being asked about their primary motivation for

learning lung ultrasound, 48.5% of the clinicians perceived

LUS as an upcoming diagnostic modality, allowing them to make

diagnoses and bedside decisions. Of them, 42.5% expressed interest

as they felt it would be safe and helpful in caring for sick and
frontiersin.org
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FIGURE 2

Clinical experience of survey clinicians.
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small neonates after the course, mainly where radiologists were

unavailable. Of the respondents, 8% cited the global influence and

expert consensus supporting POCUS as their driving factor. Only

a small fraction (1.2%) felt that accreditation from local bodies was

influential in pursuing such training (Figure 3).
Pre- and post-course clinical
experience with LUS

The confidence level of individual clinicians in diagnosing and

assessing each LUS pathology was scored by themselves before and

after the course. More than half of neonatologists (55%) were either

not aware of the utility of LUS before the commencement of this

course or needed more knowledge and were not performing the

lung scans. Some of them (30%) had novice-level knowledge but

were not performing scans, another 8% had beginner-level

knowledge and were performing scans only under supervision,

and a minority (6%) were performing scans regularly and

independently despite having beginner-level knowledge with no

formal training. Only 1% of the clinicians enrolled had

undergone formal training courses (Figure 4). There was a

significant increase in the confidence level of clinicians in the

diagnosis and assessment of all LUS pathologies after the course,

as depicted in the rise in cumulative score after the course [from

baseline 6 (IQR 6–9)–20 (IQR 16–24), p < 0.001] (Figure 5 and

Table 1).

A subgroup analysis was performed to examine the impact of

clinicians’ prior experience levels on learning outcomes from the

course. Interestingly, no significant differences were observed in

learning outcomes across different experience levels, indicating

that the course was equally effective regardless of prior

experience (Supplementary Table S1). After 3 months of course

completion, half of the participants were confident in diagnosing
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pneumothorax or other diseased states with LUS. However, just

one participant reported that they did not gain confidence within

a year, and some needed help to carry the training forward (6%).

Approximately 34% of clinicians gained confidence 6 months

after course completion, 3% required 12 months to acquire skills,

and the rest, approximately 10%, claimed they were already

skilled, but the course improvised the expertise (Figure 6).

The physician’s confidence in diagnosing individual lung

pathologies and making treatment decisions based on LUS has

been depicted in Table 2. Significant differences were noted

regarding most clinicians’ confidence in diagnosing individual

lung pathologies before and after the course. This was shown by

the decline in the number of clinicians who were not confident

before versus those after the course in various diseased states,

such as RDS (75.9% vs. 1.2%), TTNBs and pneumothorax

(70.5% vs. 0.6%), and collapse/atelectasis (78.2% vs. 4.4%), with

diaphragm assessment (83.1% vs. 9.8%) being more challenging.

More importantly, participants found LUS helpful in making

treatment decisions for different conditions. In RDS, for example,

72.9% of clinicians found neonatal LUS useful in the diagnosis

and could make treatment decisions either without X-rays or

occasional chest X-rays. Similarly, 73.9% of the clinicians found

neonatal LUS useful in diagnosing pneumothorax and could treat

the disease with or without the occasional need for chest X-rays.

This indicated the added benefit of avoiding radiological

exposure. Similarly, 72.7% of participants could diagnose and

treat pneumonia/consolidation without or with the occasional

need for an X-ray, and 72.3% of pleural effusions were managed

without occasional X-rays (Figure 7).
Discussion

Over the past decade, there has been a rise in the adoption of

POCUS performed by neonatologists (17, 18). POCUS performed

by a neonatologist/paediatrician differs from a comprehensive

diagnostic evaluation by a radiologist, as the physician can

perform and interpret the study, promptly integrate the

information in the clinical context, and subsequently re-evaluate

the clinical status. In addition, this can be done at the bedside

and serial POCUS can be performed (11). In the current cross-

sectional survey, most clinicians agreed that this was the primary

factor influencing their desire to train in LUS.

Research shows that with its descriptive and functional

applications, neonatologists trained in LUS can perform

comprehensive scanning at the bedside and interpret the

different pathologies accurately. In addition to the advantages

mentioned above, research indicates that LUS has excellent

sensitivity and specificity for diagnosing RDS, TTNB,

pneumothorax, and meconium aspiration syndrome. Serial lung

ultrasound may help evaluate surfactant needs in RDS,

approximately assess the size of pneumothorax and pleural

effusions, and help with intercostal drainage (10, 11, 19–21).

What still needs to be discovered and adequately researched is

how best to provide neonatologists with adequate training to

perform LUS safely while maintaining high standards in
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FIGURE 4

Pre-course clinician knowledge in lung ultrasound.

FIGURE 3

Clinician motivation for undertaking an online lung ultrasound course.
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diagnosing and managing the different neonatal lung pathologies

alongside clinical correlation. It is proposed that training

programmes offer introductory didactic sessions through in-

person lectures, podcasts, and website teaching modules. Learners

must also acquire dexterity and competency while performing

hands-on scans to implement bedside ultrasound effectively. This

didactic and practical training overlap will assist learners in
Frontiers in Pediatrics 05
implementing LUS in practice, under supervision, and then

independently (10).

Unfortunately, significant disparities persist in how training is

currently delivered. This is not limited to training alone but also

impacts clinical practice regarding indications, protocols,

credentialing, and clinical governance. There is concern that this

could affect its uptake globally (12, 22–24).
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FIGURE 5

Boxplot showing cumulative pre- and post-course confidence scores of participants in diagnosis and assessment of lung pathology.

TABLE 1 Total score of each participant for confidence in diagnosis and
assessment of the all-LUS pathology before and after the course.

Variables Pre-NEOPOCUS
Course score

Post-NEOPOCUS
score

p-
value

Total score,
median (IQR)

6 (6–9) 20 (16–24) <0.001

Sharma et al. 10.3389/fped.2024.1406630
Previous surveys have not evaluated the impact of LUS

systematic training programmes on practices in neonatal units.

These surveys are studies of clinicians performing lung

ultrasounds in high-income countries focusing on unit-based

practice (22, 23). A recent survey of the practice of 560 neonatal

units using LUS in Europe revealed variation in training being

received by colleagues performing the procedure. In 223 (40%)

units, clinicians attended a neonatal LUS course; in 62 (11%)

units, clinicians attended a LUS course for paediatricians; and in

53 (9%) units, they participated in a general POCUS course.

Clinicians in 119 (21%) units performing LUS received no

specific training (24). There are no studies looking at the

learning curve of learners in neonatal lung ultrasound from low-

and middle-income countries.

We performed a physician-based survey to ascertain the

individual’s practice preferences and to evaluate the ramifications

of an online, supervised learning programme of LUS in neonatal

practice (Supplementary Material).

Our study population comprised formally trained

neonatologists/paediatricians with a special interest in neonatology

who worked in units that predominantly provided level 3 and 4

care (Figure 1). Data from the survey represents the practices of

physicians working in units that offer an advanced level of care,
Frontiers in Pediatrics 06
where most (87%) have access to ultrasound machines whenever

required. They tended to be established neonatologists/

paediatricians with a particular interest in neonatology as opposed

to trainees and residents (78.9% vs. 21.1%), with 69.1% having no

formal training before this course. A recent European survey

reveals a similar distribution with LUS performed by

neonatologists as opposed to trainees and residents (24). We must

understand the motivations for learners wanting to learn LUS in

neonatology, as this may affect how training is provided to

individuals keen to learn the skill. In this study, the prime

motivator was the importance of LUS as an upcoming diagnostic

modality, allowing neonatologists to use POCUS alongside clinical

correlation to aid decision-making. The second motivator was the

need for more skilled radiologists to perform and interpret LUS.

In countries like India, paediatric radiologists may not be available

to perform bedside LUS. Adult radiologists might not have

trained in neonatal lung ultrasound.

Interestingly, its endorsement by learned societies and

international bodies (10–12) and its use as additional accredited

skills were ranked lower. This indicates clinicians want to use it

primarily as a diagnostic tool in neonates rather than just a tick-

the-box skill. We did not explore the barriers to uptake of LUS

and its implementation in candidates who might have yet to take

their training forward, which is a limitation of our study. The

most significant barriers to implementing LUS identified by studies

in developed countries are the lack of experience with the technical

aspects of using the ultrasound machine, lack of experience with

image interpretation, lack of qualified faculty for training, time

constraints, and physician resistance to new technology (24, 25).

Training in LUS with adequate supervision may help overcome

these issues. It also helps maintain governance and patient safety
frontiersin.org
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FIGURE 6

Post-course duration before independent reporting of lung ultrasound vs. pneumothorax.
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while learners are getting skilled in performing, interpreting, and

reporting LUS. While hands-on practical training has been

recommended in the New International Guidelines and Consensus

on the Use of lung Ultrasound, it is also acknowledged that

remote mentoring of learners is possible (26).

This online 6-month platform addresses both the didactic

and practical elements of LUS as per international

recommendations (10, 12, 26). Learners are mentored online

under expert supervision through a review of their images in live

sessions. Enrolled physicians get an opportunity to demonstrate

their images regularly during these sessions. There is a discussion

of the cases and diagnosis, as well as suggestions on probe

positioning and image optimisation. Candidates are also exposed

to scans done by each other with different machines and probes

that allow them to understand the importance of comprehensive

imaging with the right equipment and the limitations of using

what might be available in their setup. The mentorship sessions

involve a discussion on diverse case scenarios, where an added

advantage is that participants learn ultrasound protocols and

standardised terminology for the different lung pathologies to

ensure uniform practice. An essential aspect of POCUS is that

proficiency in skills can diminish rapidly unless regular scanning

is pursued, particularly among novice sonographers (27–29). Live

recordings of the sessions are provided to the participants to

review later, as they may need to refer to them while continuing

to consolidate their skills. International guidelines do not
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currently endorse a minimum number of scans to maintain such

skills (10–12, 26). We acknowledge that the number of learners

had increased in the last cohort of learners, necessitating

additional peer review sessions often facilitated with the help of

learners from previous cohorts. A minimum number of lung

ultrasound scans to be performed by each learner was not

formalised in these cohorts.

In this study, most clinicians either had no prior experience

or possessed only novice-level knowledge in this area. This

observation underscores the need for a comprehensive approach

to LUS training with didactic and practical training covering a

structured curriculum. International recommendations specify a

need for but have not formalised a neonatal-specific curriculum

for LUS training (10–12, 24, 26). The curriculum used in this

training module is summarised in the Supplementary Material.

Given that many clinicians were starting from a basic or

inexperienced level, the online module was designed to cover

fundamental principles of ultrasound physics, terminology,

scanning techniques, protocols, diagnostic criteria for pathology,

reporting, and clinical application. The peer review sessions,

interactive learning modules, and case-based discussions

enhanced proficiency and confidence in interpreting LUS

examinations. Another limitation of this module was that a

formal assessment was not part of this training module.

Evaluation of theoretical knowledge and practical skills in lung

ultrasound is well described in adult medicine (30). Interestingly,
frontiersin.org
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position statements by the AAP (10), ESPNIC (11), and other

publications (12, 24, 26) endorse peer review, mentoring,

development of standardised guidelines, and formal training or

fellowship programmes for accreditation of skills but stop short

of recommending formal testing of skills. Structured accredited

training programmes that deliver neonatal LUS training in this

manner include the Certificate of Clinician Performed

Ultrasound (CCPU) course, established by the Australasian

Society for Ultrasound in Medicine (ASUM) (31). Focused

UltraSound in Intensive Care (FUSIC) and Children Acute

Thoracic UltraSound (CACTUS) are initiatives pioneered by the

UK Intensive Care Society (ICS) and the Paediatric Intensive

Care Society (PICS), respectively, in the UK. They are developing

a neonatal framework for practice (12). While assessment may be

necessary for identifying whether ultrasound training has

improved knowledge and skills, high-quality evidence that it

translates into learners being able to perform and implement

those skills in practice safely is lacking in neonatology. There is

evidence that even in the absence of formal assessment, neonatal

lung ultrasound training can be delivered by experts by providing

short courses followed up with remote mentoring of learners

(with peer review of images) in developing countries with

positive results (32).

In the absence of a formal skills assessment, a key question in

this study was whether the training improved confidence in

diagnosis and made a difference in clinical practice, allowing

clinical interventions. The results in Tables 1 and 2 support such

a conclusion. Confidence improved both in terms of overall

diagnosis and interpretation of the different lung pathologies.

We also looked at the timeline taken for participants to gain

confidence. Most participants gained confidence in the diagnoses

of different lung pathologies 6 months after the course. Learning

lung ultrasound requires time and commitment to understand

various disease states. The recent European survey of lung

ultrasound practices in European neonatal intensive care units

highlights that current lung ultrasound courses may not be

sufficient to increase lung ultrasound competencies because a

short training period is insufficient to acquire skills to sustain

implementation. They also propose dual courses that provide

short training followed by a longer practical period with

supervised mentorship.

A point of note in this study is that despite clinicians’

confidence in diagnoses of lung pathology using LUS,

approximately 70% of them felt they still needed a chest X-ray

before implementing treatment decisions. This gap between

confidence in diagnosing and implementing treatment warrants

special attention. We hypothesise a few reasons for this. It might

imply a longer timeline in developing confidence for implementing

treatment versus just making a diagnosis. It must also be

remembered that not all clinicians in neonatal units will be

performing lung ultrasound. Chest X-rays might be needed for

interpretation by colleagues who are not performing and cannot

interpret lung ultrasounds. They may also be required for serial

follow-up and medicolegal reasons.

The fact that a proportion of learners have wanted to do chest

X-rays where they found lung ultrasound findings confusing is
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Post-course confidence in decision-making when using lung ultrasound and need for chest X-ray.
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significant as it demonstrates that they were working within their

limitations, opting to default to a chest X-ray (their original

standard) to aid interpretation. This also reflects that changing

human behaviour and traditional practices, as well as adopting

newer technology, requires time and evolution. We must also

recognise that lung ultrasound has limitations and cannot be

used to diagnose all lung pathologies. In particular, lung

ultrasound cannot accurately diagnose disease states such as

congenital pulmonary airway malformation, pulmonary bullae,

subcutaneous emphysema, and pulmonary and interstitial

emphysema. We cannot quantify the volume of the

pneumothorax accurately using LUS. A chest X-ray will still be

needed to evaluate these conditions, with even CT and/or MRI,

if necessary. Antenatal diagnosis, history, clinical presentation,

and clinical correlation are vital in deciding the primary

radiological modality. Chest X-rays or additional radiological

modalities may be needed if ultrasound appearances are

confusing or incompatible with the clinical presentation (33).
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These principles should be part of and incorporated

into guidelines for training and credentialing. Although

neonatal lung ultrasound gets ingrained in practice, this ensures

patient safety.

The current study has some limitations. A significant limitation

is the need for a standardised, validated method for formally

assessing clinicians’ didactic knowledge and competencies during

and after course completion. Hence, the study relies on

clinicians’ self-reported confidence levels based on the

questionnaire. This has the potential to introduce bias and

inaccuracies. Further research is needed to evaluate how best

assessment can be integrated to enhance the acquisition of

competencies in neonatal lung ultrasound.

We also recognise that the learners were a heterogeneous group

of healthcare professionals consisting of trainees and established

clinicians working in differing units with different pathologies.

This might have affected the participants’ learning curve,

potentially impacting results.
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Studies of online ultrasound training can improve candidate

performance while being time- and cost-effective. This is

through reducing the time and money spent organising venues,

machines, teachers, phantoms, and/or simulators. They also

allow for a low teacher:student ratio, allowing students to train

in lung ultrasound globally without the need to travel while

they gain practical experience in their institutions through

approved pathways. The availability of technology, the Internet,

and time commitment are essential in delivering and using such

education (14, 30, 34, 35).

In-person lung ultrasound training has the advantages of

practical, hands-on, experiential training and learning through

simulators and phantoms. The hands-on approach may allow

learning of probe use and dexterity and in-person image

optimisation through scanning in real time. Such training is

unavailable globally, particularly in low- andmiddle-income countries.

The best way to train learners in lung ultrasound still needs to

be discovered. Standardised recommendations for education and

certification based on currently available research evidence are

complex. A systematic review of the published literature proposes

curriculum-based theoretical learning alongside practical hands-

on training. They also recommend demonstrating competencies

and feedback with a trained instructor who uses some form of

assessment to decide when the learner can independently

perform scans (30).

A European consortium proposes dual courses with short

training followed by more extended follow-up practical training

under supervision as well as the production of an international

guideline to standardise training. International frameworks for

practice, recommendations (10–12, 26), and guidelines (36–38) to

standardise practice in neonatal lung ultrasound already exist.

Colleagues teaching lung ultrasound must also understand that

learners learn differently, as espoused in the Kolb cycle.

Providing peer support after course completion (to allow

experiential learning) is crucial in developing and taking these

skills forward. This could be through face-to-face training, online

training, or training through dedicated fellowship programmes

depending on their availability, learner needs, location, and

availability of expert mentors.

This study demonstrates that the conduct of online modules,

with live, online expert guidance, image optimisation critiques,

and provision of live video recordings for future reference,

enabled physicians from diverse backgrounds to undertake

training from experts without the need to travel. Assessments

through theoretical and practical testing are desirable to help

validate such training (30). To the best of our knowledge, this is

the first cross-sectional survey carried out in India to evaluate

the utilisation and impact of curriculum-based online training in

neonatal LUS. We hope the findings will help develop better

training facilities and expertise in this field in Indian NICUs and

those in low- and middle-income countries. Further, it

demonstrates the learning curve for those wanting to learn

neonatal lung ultrasound. There is an urgent need for further

studies regarding this, as it may have implications for its uptake

and use in neonatal intensive care. By leveraging the programmes

of this study, stakeholders can work collaboratively to develop
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tailored training curricula, establish certification programmes,

and improve access to resources and support systems for

neonatal POCUS, not just in low- and middle-income countries

but globally as well.
Conclusion

This study establishes that a curriculum-based online training

programme with peer review and supervision in neonatal lung

ultrasound is feasible. The provision of online training with

ongoing peer review and mentorship using a curriculum has the

potential to improve the confidence of learners wanting to

develop skills in lung ultrasound through distance learning. This

model benefits learners who cannot travel and attend face-to-face

courses or dedicated lung ultrasound fellowship programmes. It

serves as a model for the delivery of neonatal lung ultrasound

training in low- and middle-income countries.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

ASh: Writing – review & editing, Conceptualization. GK:

Validation, Conceptualization, Writing – original draft,

Methodology. RN: Writing – review & editing, Methodology,

Investigation. KN: Writing – review & editing, Formal Analysis,

Data curation. ASe: Writing – review & editing, Validation,

Project administration. VJ: Writing – review & editing,

Visualization, Project administration. SS: Writing – review &

editing, Supervision, Project administration. PS: Writing – review

& editing, Visualization, Validation, Supervision, Project

administration, Conceptualization.
Funding

The authors declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

The authors thank Dr. Prabhakar Mishra (Additional
Professor, Department of Biostatistics and Health Informatics,
SGPGIMS, Lucknow) and Ms. Naina Mishra (Statistical Fellow)
for their help in analysing the data.
frontiersin.org

https://doi.org/10.3389/fped.2024.1406630
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Sharma et al. 10.3389/fped.2024.1406630
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Pediatrics 11
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2024.

1406630/full#supplementary-material
References
1. Kluckow M. Use of ultrasound in the haemodynamic assessment of the
sick neonate. Arch Dis Child. (2014) 99(4):F332–7. doi: 10.1136/archdischild-2013-
304926

2. Rath C, Suryawanshi P. Point of care neonatal ultrasound—head, lung, gut and
line localization. Indian Pediatr. (2016) 53(10):889–99. doi: 10.1007/s13312-016-
0954-5

3. de Waal K, Kluckow M. Functional echocardiography; from physiology to
treatment. Early Hum Dev. (2010) 86(3):149–54. doi: 10.1016/j.earlhumdev.2010.
01.030

4. Bhagra A, Tierney DM, Sekiguchi H, Soni NJ. Point-of-care ultrasonography for
primary care physicians and general internists. Mayo Clin Proc. (2016) 91
(12):1811–27. doi: 10.1016/j.mayocp.2016.08.023

5. Olgers TJ, Azizi N, Blans MJ, Bosch FH, Gans ROB, Ter Maaten JC. Point-of-care
ultrasound (PoCUS) for the internist in acute medicine: a uniform curriculum. Neth
J Med. (2019) 77(5):168–76. PMID: 31264587.

6. Mellor TE, Junga Z, Ordway S, Hunter T, Shimeall WT, Krajnik S, et al. Not just
hocus POCUS: implementation of a point of care ultrasound curriculum for internal
medicine trainees at a large residency program. Mil Med. (2019) 184(11-12):901–6.
doi: 10.1093/milmed/usz124

7. LoPresti CM, Schnobrich DJ, Dversdal RK, Schembri F. A road map for point-of-
care ultrasound training in internal medicine residency. Ultrasound J. (2019) 11
(1):1–7. doi: 10.1186/s13089-019-0124-9

8. Moore CL, Gregg S, Lambert M. Performance, training, quality assurance, and
reimbursement of emergency physician-performed ultrasonography at academic
medical centers. J Ultrasound Med. (2004) 23(4):459–66. doi: 10.7863/jum.2004.23.
4.459

9. McLario DJ, Sivitz AB. Point-of-care ultrasound in pediatric clinical care. JAMA
Pediatr. (2015) 169(6):594. doi: 10.1001/jamapediatrics.2015.22

10. Stewart DL, Elsayed Y, Fraga MV, Coley BD, Annam A, Milla SS, et al. Use of
point-of-care ultrasonography in the NICU for diagnostic and procedural purposes.
Paediatrics. (2022) 150(6):1–8. doi: 10.1542/peds.2022-060053

11. Singh Y, Tissot C, Fraga MV, Yousef N, Cortes RG, Lopez J, et al. International
evidence-based guidelines on point of care ultrasound (POCUS) for critically
ill neonates and children issued by the POCUS working group of the
European Society of Paediatric and Neonatal Intensive Care (ESPNIC). Crit Care.
(2020) 24(1):65. doi: 10.1186/s13054-020-2787-9

12. Meau-Petit V, Montasser M, Milan A. Neonatal lung ultrasound in the UK: a
framework for practice. Glob Pediatr. (2023) 3:100040. Available online at: https://
www.sciencedirect.com/science/article/pii/S2667009723000064. doi: 10.1016/j.gpeds.
2023.100040

13. Rodríguez-Fanjul J, Gargallo MB, Rodrigo C, Ginovart G. Formación online en
ecografía pulmonar para residentes de pediatría. Anales de Pediatría. (2022) 97
(2):135–6. doi: 10.1016/j.anpedi.2021.07.013

14. Hempel D, Sinnathurai S, Haunhorst S, Seibel A, Michels G, Heringer F, et al.
Influence of case-based e-learning on students’ performance in point-of-care
ultrasound courses: a randomized trial. Eur J Emerg Med. (2016) 23(4):298–304.
doi: 10.1097/MEJ.0000000000000270

15. Hayward M, Chan T, Healey A. Dedicated time for deliberate practice: one
emergency medicine program’s approach to point-of-care ultrasound (PoCUS)
training. CJEM. (2015) 17(5):558–61. doi: 10.1017/cem.2015.24

16. Vatsvåg V, Todnem K, Næsheim T, Cathcart J, Kerr D, Oveland NP. Offshore
telementored ultrasound: a quality assessment study. Ultrasound J. (2020) 12
(1):1–12. doi: 10.1186/s13089-020-00180-9
17. Evans N, Gournay V, Cabanas F, Kluckow M, Leone T, Groves A, et al. Point-of-
care ultrasound in the neonatal intensive care unit: international perspectives. Semin
Fetal Neonatal Med. (2011) 16(1):61–8. doi: 10.1016/j.siny.2010.06.005

18. Finan E, Sehgal A, Khuffash AE, McNamara PJ. Targeted neonatal
echocardiography services. J Ultrasound Med. (2014) 33(10):1833–41. doi: 10.7863/
ultra.33.10.1833

19. Raimondi F, Yousef N, Migliaro F, Capasso L, De Luca D. Point-of-care lung
ultrasound in neonatology: classification into descriptive and functional
applications. Pediatr Res. (2018) 90(3):524–31. doi: 10.1038/s41390-018-0114-9

20. Gunes AO, Karadag N, Cakir H, Toptan HH, Karatekin G. The associations
between lung ultrasonography scores in the first day of life and clinical outcomes.
J Ultrasound Med. (2021) 41(2):417–25. doi: 10.1002/jum.15720

21. Wang J, Wei H, Chen H, Wan K, Mao R, Xiao P, et al. Application of
ultrasonography in neonatal lung disease: an updated review. Front Pediatr. (2022)
10:1020437. doi: 10.3389/fped.2022.1020437

22. Montasser M, Kirolos S, Milan A, Meau-Petit V. Neonatal point-of-care lung
ultrasound: a UK-wide survey and the way forward. Arch Dis Child. (2022) 108
(4):431–2. doi: 10.1136/archdischild-2022-324324

23. Corsini I, Parri N, Ficial B, Ciarcià M, Migliaro F, Capasso L, et al. Lung
ultrasound in Italian neonatal intensive care units: a national survey. Pediatr
Pulmonol. (2022) 57(9):2199–206. doi: 10.1002/ppul.26025

24. Alonso-Ojembarrena A, Ehrhardt H, Cetinkaya M, Lavizzari A, Szczapa T,
Sartorius V, et al. Use of neonatal lung ultrasound in European neonatal units: a
survey by the European Society of Paediatric Research. Arch Dis Child Fetal
Neonatal Ed. (2024). doi: 10.1136/archdischild-2024-327068 [Epub ahead of print].

25. Acuña J, Rubin M, Hahn B, Das D, Kapoor M, Adhikari S, et al. Point-of-care
ultrasound in United States pediatric emergency medicine fellowship programs.
Paediatr Emerg Care. (2021) 37(12):e1181–5. doi: 10.1097/PEC.0000000000001955

26. Demi L, Wolfram F, Klersy C, De Silvestri A, Ferretti VV, Muller M, et al. New
international guidelines and consensus on the use of lung ultrasound. J Ultrasound
Med. (2022) 42(2):309–44. doi: 10.1002/jum.16088

27. Rhue AL, VanDerveer B. Wilderness first responder: are skills soon forgotten?
Wilderness Environ Med. (2018) 29(1):132–7. doi: 10.1016/j.wem.2017.11.005

28. Kimura BJ, Sliman SM, Waalen J, Amundson SA, Shaw DJ. Retention of
ultrasound skills and training in “point-of-care” cardiac ultrasound. J Am Soc
Echocardiogr. (2016) 29(10):992–7. doi: 10.1016/j.echo.2016.05.013

29. Town JA, Bergl PA, Narang A, McConville JF. Internal medicine residents’
retention of knowledge and skills in bedside ultrasound. J Grad Med Educ. (2016) 8
(4):553–7. doi: 10.4300/JGME-D-15-00383.1

30. Pietersen PI, Madsen KR, Graumann O, Konge L, Nielsen BU, Laursen CB. Lung
ultrasound training: a systematic review of published literature in clinical lung
ultrasound training. Crit Ultrasound J. (2018) 10(1):1–15. doi: 10.1186/s13089-018-
0103-6

31. Australasian Society for Ultrasound in Medicine. Certificate in Clinician
Performed Ultrasound. Available online at: https://www.asum.com.au/education/
CCPU-course/neonatal-CCPU-course (accessed April 14, 2018).

32. Mazmanyan P, Kerobyan V, Shankar-Aguilera S, Yousef N, De Luca D.
Introduction of point-of-care neonatal lung ultrasound in a developing country. Eur
J Pediatr. (2020) 179(7):1131–7. doi: 10.1007/s00431-020-03603-w

33. Liu X, Si S, Guo Y, Wu H. Limitations of bedside lung ultrasound in neonatal
lung diseases. Front Pediatr. (2022) 10:855958. doi: 10.3389/fped.2022.855958

34. Platz E, Goldflam K, Mennicke M, Parisini E, Christ M, Hohenstein C.
Comparison of web-versus classroom-based basic ultrasonographic and EFAST
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2024.1406630/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1406630/full#supplementary-material
https://doi.org/10.1136/archdischild-2013-304926
https://doi.org/10.1136/archdischild-2013-304926
https://doi.org/10.1007/s13312-016-0954-5
https://doi.org/10.1007/s13312-016-0954-5
https://doi.org/10.1016/j.earlhumdev.2010.01.�030
https://doi.org/10.1016/j.earlhumdev.2010.01.�030
https://doi.org/10.1016/j.mayocp.2016.08.023
https://pubmed.ncbi.nlm.nih.gov/PMID: 31264587
https://doi.org/10.1093/milmed/usz124
https://doi.org/10.1186/s13089-019-0124-9
https://doi.org/10.7863/jum.2004.23.4.459
https://doi.org/10.7863/jum.2004.23.4.459
https://doi.org/10.1001/jamapediatrics.2015.22
https://doi.org/10.1542/peds.2022-060053
https://doi.org/10.1186/s13054-020-2787-9
https://www.sciencedirect.com/science/article/pii/S2667009723000064
https://www.sciencedirect.com/science/article/pii/S2667009723000064
https://doi.org/10.1016/j.gpeds.2023.100040
https://doi.org/10.1016/j.gpeds.2023.100040
https://doi.org/10.1016/j.anpedi.2021.07.013
https://doi.org/10.1097/MEJ.0000000000000270
https://doi.org/10.1017/cem.2015.24
https://doi.org/10.1186/s13089-020-00180-9
https://doi.org/10.1016/j.siny.2010.06.005
https://doi.org/10.7863/ultra.33.10.1833
https://doi.org/10.7863/ultra.33.10.1833
https://doi.org/10.1038/s41390-018-0114-9
https://doi.org/10.1002/jum.15720
https://doi.org/10.3389/fped.2022.1020437
https://doi.org/10.1136/archdischild-2022-324324
https://doi.org/10.1002/ppul.26025
https://doi.org/10.1136/archdischild-2024-327068
https://doi.org/10.1097/PEC.0000000000001955
https://doi.org/10.1002/jum.16088
https://doi.org/10.1016/j.wem.2017.11.005
https://doi.org/10.1016/j.echo.2016.05.013
https://doi.org/10.4300/JGME-D-15-00383.1
https://doi.org/10.1186/s13089-018-0103-6
https://doi.org/10.1186/s13089-018-0103-6
https://www.asum.com.au/education/CCPU-course/neonatal-CCPU-course
https://www.asum.com.au/education/CCPU-course/neonatal-CCPU-course
https://doi.org/10.1007/s00431-020-03603-w
https://doi.org/10.3389/fped.2022.855958
https://doi.org/10.3389/fped.2024.1406630
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Sharma et al. 10.3389/fped.2024.1406630
training in 2 European hospitals. Ann Emerg Med. (2010) 56(6):660–7. doi: 10.1016/j.
annemergmed.2010.04.019

35. Kang TL, Berona K, Elkhunovich MA, Medero-Colon R, Seif D, Chilstrom ML,
et al. Web-based teaching in point-of-care ultrasound: an alternative to the classroom?
Adv Med Educ Pract. (2015) 6:171–5. doi: 10.2147/AMEP.S72159

36. Kurepa D, Zaghloul N, Watkins L, Liu J. Neonatal lung ultrasound exam
guidelines. J Perinatol. (2017) 38(1):11–22. doi: 10.1038/jp.2017.140
Frontiers in Pediatrics 12
37. Liu J, Guo GY, Kurepa D, Volpicelli G, Sorantin E, Lovrenski J, et al.
Specification and guideline for technical aspects and scanning parameter settings of
neonatal lung ultrasound examination. Matern Fetal Neonatal Med. (2021) 35
(5):1003–16. doi: 10.1080/14767058.2021.1940943

38. Liu J, Copetti R, Sorantin E, Lovrenski J, Rodriguez-Fanjul J, Kurepa D, et al.
Protocol and guidelines for point-of-care lung ultrasound in diagnosing neonatal
pulmonary diseases based on international expert consensus. J Vis Exp. (2019) 145.
doi: 10.3791/58990
frontiersin.org

https://doi.org/10.1016/j.annemergmed.2010.04.019
https://doi.org/10.1016/j.annemergmed.2010.04.019
https://doi.org/10.2147/AMEP.S72159
https://doi.org/10.1038/jp.2017.140
https://doi.org/10.1080/14767058.2021.1940943
https://doi.org/10.3791/58990
https://doi.org/10.3389/fped.2024.1406630
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Efficacy of an online lung ultrasound module on skill acquisition by clinician: a new paradigm
	Introduction
	Methodology
	Statistical analysis
	Results
	Pre- and post-course clinical experience with LUS
	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


