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Abstract: Introduction: Lower respiratory tract infections, including pneumonia, are one of the leading causes 

of child mortality, especially in low-resource settings. Current guidelines rely on clinical signs for diagnosis, 

leading to over-prescription of antibiotics, which in turn contribute to antimicrobial resistance. Lung point of 

care ultrasound (L-POCUS) offers potential to improve diagnostic accuracy and reduce unnecessary antibiotic 

use, but lacks standardized guidelines for diagnosis and management of paediatric pneumonia. Methods and 

Analysis: This study utilizes a modified Delphi process to develop expert consensus guidelines for L-POCUS 

interpretation in paediatric pneumonia that would constitute a framework for effective guidelines for judicious 

antibiotic prescribing. The 5-stage iterative process includes: i) creation of a literature summary and conceptual 

framework, ii) first round of online surveys for expert feedback, iii) virtual meetings to discuss survey results 

and refine guidelines, iv) second round of online surveys, v) final analysis and development of consensus 

guidelines. A panel of 12-15 experts, chosen for their paediatric POCUS experience, geographic diversity, and 

gender balance, will participate. Consensus will be defined as ≥75% agreement. Ethics and Dissemination: 

Participation is voluntary, with consent obtained at the start and the option to withdraw at any time. The 

protocol was approved by the Ethics Commission of Bern, Switzerland. Findings will be disseminated through 

open access publication. 
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Article Summary 

 This study utilizes a modified Delphi process to develop expert consensus guidelines for L-

POCUS interpretation in paediatric pneumonia that would constitute a framework for effective 

guidelines for judicious antibiotic prescribing 

Strengths and Limitations: 

 The study is designed with a focus on low- and middle-income countries, where the burden of 

paediatric pneumonia is high and access to advanced diagnostic tools is limited. 

 The structured and iterative process of the modified Delphi method allows for thorough 

evaluation and refinement of guidelines, ensuring robustness and reliability.  
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 The guidelines developed will be directly applicable and easily integrated into the Integrated 

Management of Childhood Illness (IMCI) framework. 

 Limitations inherent of the modified Delphi method may introduce bias. Structural limitations 

of point of care ultrasound experts from resource-limited settings to participate in the survey 

may bias the results. 

Background 

In 2019, a total of 2.6 million deaths globally were attributed to lower respiratory tract infections 

(LRTI). LRTI-related deaths disproportionately affect children in low-resource settings and 

pneumonia is the leading infectious cause of death in children [1,2]. LRTIs, including pneumonia, are 

the most common reason for children to seek acute outpatient care. Current pneumonia management 

guidelines, based on the World Health Organization’s (WHO) Integrated Management of Childhood 

Illness (IMCI) guidelines, recommend antibiotics for all suspected cases [3]. These guidelines rely on 

clinical signs such as cough, respiratory rate, and lower chest indrawing, which may not be specific 

to pneumonia and do not effectively distinguish between bacterial and viral infections, leading to 

over-prescription of antibiotics [3–5]. Furthermore, recent evidence estimates the incidence of 

bacteria as a causative agent of pneumonia among children in sub-Saharan Africa (SSA) is as low as 

2-4% in primary [6,7], and 23.3-31.6% in [8] hospital settings. 

Antimicrobial resistance (AMR) is a growing concern, accounting for an estimated 1.27 million 

deaths globally in 2019, with the highest rates in SSA [9]. Inappropriate and excessive prescription of 

antibiotics is a significant contributor to AMR [10–12]. In low-resource settings, over 50% of sick 

children receive antibiotics when visiting health facilities; however, as many as 80-90% of these 

prescriptions are deemed inappropriate and respiratory infections are the highest contributing illness 

to inappropriate prescribing [13–17].  

Improving IMCI diagnostic criteria to better identify children with pneumonia who would 

benefit from antibiotic therapy, utilizing more disease-specific tools, is therefore a WHO research 

priority [18]. Previous studies highlighted the limitations of pathogen-specific approaches due to 

complexity, high costs, and delayed results of microbiological assays [8]. Broader strategies, such as 

point-of-care C-reactive protein testing, have had limited impact in reducing antibiotic prescriptions 

among children with respiratory infections [19,20].  

Lung Point of Care Ultrasound (L-POCUS): L-POCUS has been proposed as an approach to 

improve the specificity of pneumonia diagnosis. Incorporation of L-POCUS into diagnostic pathways 

has the potential to improve antibiotic prescription practices in low- and middle-income countries 

(LMICs). Portable and affordable ultrasound-on-a-chip devices, compatible with mobile phones, 

allow L-POCUS to be integrated into standard clinical exams without significant additional costs or 

specialist consultation. Although L-POCUS is used in high-resource settings and is gaining 

popularity in SSA [21–24], robust evidence on its impact on health outcomes, such as pneumonia 

management, is lacking in LMICs. This evidence gap hampers the integration of ultrasound into 

current pneumonia management guidelines, which limits investment in POCUS devices and efforts 

to scale up its use. 

Validity of L-POCUS Compared to Other Imaging Modalities: Several studies have compared 

L-POCUS to chest x-ray (CXR) and/or computerized tomography for diagnosing pneumonia. A 

multi-center European trial involving 362 adults with pneumonia reported a sensitivity of 93.4% and 

a specificity of 97.7% for L-POCUS compared to CXR [25]. Studies in children, largely conducted in 

high-income countries, have shown sensitivity of 95% and specificity of 96% for L-POCUS compared 

to CXR for the diagnosis of pneumonia [26–28]. However, L-POCUS may be overly sensitive as it can 

detect subcentimeter subpleural consolidations, of unclear clinical significance, that are not visible on 

CXR [29–33] 

Differentiating Bacterial from Viral Pneumonia: The ability of CXR to differentiate bacterial 

from viral pneumonia has yielded mixed results. Features like alveolar infiltrate are more suggestive 

of bacterial pneumonia, and some guidelines advise against the prescription of antibiotics if no 

consolidation is seen on CXR [34–36]. However, translating these findings into treatment changes is 
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challenging due to poor interoperability and clinicians' failure to act on results [37,38]. Some studies 

have explored the use of L-POCUS to determine the etiological causes of consolidations, but the lack 

of microbiologically confirmed diagnoses limits definitive conclusions [39,40]. Findings from a multi-

country study in SSA and South Asia (the Pneumonia Etiology Research in Children [PERCH] study) 

emphasized the challenges of reliable reference standards in paediatric pneumonia [8,41,42], 

underscoring the need for targeted study designs to assess L-POCUS within management pathways. 

Initial studies on L-POCUS in LMICs, conducted in Nepal, Peru, and Egypt, are promising but 

limited in scope [43–47]. To date, there is no evidence on the clinical impact of L-POCUS-assisted 

diagnoses on antimicrobial use or health outcomes in outpatient settings. 

Current Definitions of Pneumonia: Despite increasing evidence supporting L-POCUS, CXR 

remains the gold standard in most national guidelines, with ultrasound primarily used to identify 

complications like effusion or abscesses [48–51]. Studies on L-POCUS vary in their pneumonia 

definitions, highlighting the need for standardized criteria. For instance, Lissaman et al. (2019) noted 

the potential for over-diagnosing pneumonia using L-POCUS due to the similarity of atelectasis and 

pneumonia, suggesting a threshold of >1 cm for consolidation to improve specificity [52]. 

Hypothesized Value of L-POCUS for IMCI Guidelines: IMCI-defined pneumonia encompasses 

various clinical entities, often failing to differentiate bacterial from viral illnesses. The PERCH study 

revealed that only half of the children admitted with IMCI severe/very severe pneumonia had 

infiltrates on CXR, with likely bacterial etiology in only one-third to one-fourth of cases [8]. Improved 

diagnostic criteria using L-POCUS could enhance the IMCI framework's ability to identify children 

needing antibiotics, especially in setttings where CXR is not readily available. 

This study, therefore, aims to develop an expert consensus statement on the best practices for L-

POCUS interpretation in paediatric acute respiratory tract infections that would constitute a 

framework for effective guidelines (on criteria/thresholds) to guide judicious antibiotic prescribing. 

The intended use of these findings is to have them integrated into the IMCI management pathway of 

paediatric pneumonia - a system in wide use in LMICs where access to CXR and laboratory tests is 

often severely limited. Once generated, this research group will conduct a randomised controlled 

trial to assess if these guidelines can safely and significantly reduce antibiotic prescriptions in 

children aged 2 months to 12 years that present for acute management of IMCI-defined pneumonia 

in outpatient settings (Figure 1).  

 

Figure 1. Proposed Overall Research Flow for evaluation of L-POCUS. 

Current IMCI guidelines rely on clinical symptoms to categorise cases of cough/difficulty 

breathing into 3 categories:  

 Red – the most severe, high likelihood of pneumonia warranting immediate antibiotics and 

hospital referral/admission  

 Yellow – moderate severity, presence of tachypnoea/chest in-drawing warranting oral 

antibiotics and either hospital referral or home care 

 Green – no signs of pneumonia or severe disease warranting symptomatic home care.  

We propose that findings from this could add further nuance to those classified as red/yellow 

and further define those that would not benefit from antibiotic therapy in IMCI guidelines (Figure 2). 
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Figure 2. Current (A) and envisioned (B) management approaches for paediatric LRTI. This 

framework is in the context of a previously well child, aged 2 months to 12 years, and in the absence 

of trauma or known cardiac disease. Note that the “WHO severe pneumonia” group includes children 

with mild hypoxemia, that are otherwise well-appearing, which may also include children with 

bronchiolitis or wheezing. Yellow boxes - key research questions.  *if available. 

Methods and Analysis 

Study Design: Considering the novelty of using L-POCUS in paediatric pneumonia diagnosis, it 

is essential to develop standardized guidelines for effective application. Due to discrepancies in 

available literature from diverse clinical settings, a group consensus method is required to determine 

sonographic findings that are consistent with pneumonia that requires antibiotic treatment. The 

modified Delphi method is suitable for creating clinical guidelines, using an iterative process to 

enable expert-based judgment in scenarios in which there is absence of strong evidence to support 

one approach over another [53–58]. This study uses the RAND/UCLA modified Delphi method, 

incorporating an initial literature summary to standardize the knowledge context [59]. Figure 3 

summarizes the study flow.  

 

Figure 3. Overview of Study Design and Flow. 

Stage 1: Literature Summary and Consensus Statement Creation: A targeted literature search 

will be conducted on paediatric lung ultrasound and relevant adult L-POCUS studies. This will result 

in a conceptual interpretation framework for L-POCUS use within the IMCI framework with 

corresponding statements for voting among L-POCUS experts.  

Stage 2: First Round of Online Surveys: Experts will review the literature summary, consensus 

statements, and conceptual framework. They will provide feedback and vote on the statements using 
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a Likert-type scale through an online survey. The input will be analyzed, summarized into a ratings 

report, and shared with all participants for review. 

Stage 3: Virtual Expert Meeting: Given that the modified Delphi method has been shown to be 

as effective whether virtual or in person [60,61], experts will discuss the survey results in 1-2 virtual 

sessions, focusing on areas lacking consensus. The conference will be facilitated by a study 

investigator, with anonymous polling used to facilitate consensus if necessary. On issues with very 

divergent opinion and evidence of dominating players, panelists will not be required to vote/finalise 

decisions during the virtual conference session to avoid the discussion stalling or a false consensus 

being reached. Discussion points and suggestions will inform adjustments to the proposed guidance 

and rating form. The updated ratings report and proposed L-POCUS guidelines will be shared with 

all participants for their review. 

Stage 4: Second Round of Online Surveys: Experts will review the revised consensus statements 

and proposed guidelines and complete a final rating form. The input will be reviewed to develop the 

final consensus statements and guidance statement. 

Stage 5: Final Analysis and Consensus Statement: Survey responses will be analyzed using 

descriptive statistics. Consensus can be defined in many ways, however, the most frequently used is 

percentage agreement, with a systematic review of Delphi studies showing a median threshold of 

above 75% [56,62]. However, as this threshold is essentially arbitrary, items falling closely under this 

threshold at the time of analysis may be included pending their perceived clinical importance. Where 

there is consensus against the inclusion of an item in the first round, it will be dropped, and the 

opportunity will be made at the virtual conference for suggestions for its replacement.  

Participant Selection: To ensure guidelines represent diverse contexts and patient populations, 

and to maximize interaction, 12-15 expert participants will be selected [63,64]. Criteria include 

significant paediatric L-POCUS experience, geographic diversity, and gender balance. Participants 

will be recruited through POCUS practitioner and research networks, such as Paediatric Emergency 

Research Networks (PERN). An invitation survey will be circulated, and respondents will be 

screened according to our inclusion criteria. Established experts will also be approached directly 

where appropriate. Special effort will be made to limit selection bias despite the use of some 

purposive sampling techniques. 

The criteria for participant selection will be: 

1) Significant paediatric POCUS experience – defined as either: 

a) A clinician (Sonographer, Professional Nurse, Clinical Associate, Doctor, or equivalents) 

with formal training in POCUS and experience conducting L-POCUS in a clinical setting 

b) Experience conducting L-POCUS trainings as a supervisor 

c) Experience conducting clinical research in the field of L-POCUS 

d) Involvement in L-POCUS didactic curriculum development or previous contributions 

toward POCUS guideline development 

e) Research or didactic activity in national and international POCUS-networks 

Note: We acknowledge that professional activities in LMICs are different and hence an equivalent 

activity will be considered [65]. 

2) The group must meet the following overall composition criteria: 

a. Both high income countries and LMICs represented 

b. Geographically diverse – ensuring involvement of POCUS practitioners from the Global 

South. 

c. Gender balance 
Invitation and Reminders: Selected participants will receive an email inviting them to partake 

in the Delphi study, including the literature summary, expected time commitment, study timelines, 

proposed virtual conference timeframe, and study process details. Weekly reminder emails will be 

sent for 2 weeks to non-respondents. Those willing to participate will receive emails at each 
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subsequent stage. For Stage 2, a link to the survey/rating form will be provided, open for 2 weeks. 

For Stage 3, an email will share feedback on the initial survey and coordinate the virtual conference 

schedule. For Stage 4, an email will summarize the virtual conference outcomes, highlight changes in 

the proposed guidelines, and provide a link to the second-round survey. For Stage 5, the final 

consensus statement and guidelines will be shared, with details on anticipated publication. Weekly 

reminders will be sent to non-respondents, and by week 2, the principal investigator will contact the 

expert telephonically to determine if they wish to withdraw from the study. 

Advisory group: We anticipate that response rates may be higher in certain geographical areas 

and may need to restrict the number of participants from certain regions. These international experts 

will be invited to take part in an advisory group. The advisory group will review the material 

provided to the panelists, participate in online meetings as observers, and contribute to the 

publication. The advisory group will not participate in the surveys or in the determination of 

consensus of the statements. 

Data Collection and Analysis: Survey responses will be analyzed using descriptive statistics.  

Ethical Considerations: Participation is voluntary and expressed consent will be obtained at the 

time of invitation. Participants can withdraw at any time without negative consequences. Participant 

responses will remain anonymous to prevent coercion. The study was approved by the Ethics 

Commission of Bern, Switzerland (BASEC-Nr: Req-2024-00102) on 22/01/2024. 

Dissemination: The findings will be disseminated through open access publication. We intend 

to publish the findings from the modified Delphi study in an open access format reported according 

to the best available reporting guidelines, such as the Accord (ACcurate COnsensus Reporting 

Document) reporting guidelines [66]. This will ensure all methods and techniques used to reach 

consensus are outlined in a transparent and thorough manner. 

Discussion 

This study seeks to develop expert consensus-based guidelines for the interpretation of L-

POCUS in the diagnosis and management of paediatric pneumonia in low-resource settings. L-

POCUS has emerged as a valuable tool in paediatric respiratory care. Its advantages over traditional 

CXR include portability, real-time imaging, lower costs, and the absence of radiation exposure. 

Despite these benefits, L-POCUS is not yet widely integrated into clinical guidelines, partly due to a 

lack of standardized interpretation criteria. This modified Delphi study seeks to fill this gap by 

establishing expert consensus on the interpretation of L-POCUS in children with suspected 

pneumonia in these settings for further testing in interventional studies. 

Previous Delphi studies have focused on various aspects of L-POCUS. Topics addressed include 

clinical areas of application, training aspects, acquisition protocols, overall recommendation of use, 

as well standardizing terminology of key ultrasound features [67,68]. These studies, although 

extensive in their scope, primarily draw from adult literature and offer minimal guidance relating to 

the field of paediatrics and more specifically to paediatric pneumonia. A Delphi study conducted by 

Jaworska et al., focused on paediatric respiratory infections, outlined consensus statements on the 

validity of L-POCUS compared to CXR. The study confirmed the reliability of identifying ultrasound 

features associated with pneumonia and bronchiolitis but offered limited statements around these 

diagnostic features and did not address the differentiation of cases that would benefit from antibiotic 

treatment from those that would not [69]. These studies also highlight the heterogeneity in L-POCUS 

interpretation and the need for standardized guidelines for image interpretation as it applies to 

clinical management.  

Strengths and Limitations: Given the current lack of consensus in this area, we are conducting 

the first critical step to ensure consistency in the criteria used to define pneumonia using L-POCUS. 

With the use of the modified Delphi method we aim to ensure that the guidance to be tested in future 

L-POCUS studies in SSA are based on the best available literature and the collective expertise of a 

diverse group of international L-POCUS experts. The study is designed with a focus on LMICs, where 

access to advanced diagnostic tools is limited, and the burden of paediatric pneumonia is high. The 

structured and iterative process of the modified Delphi method allows for thorough evaluation and 
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refinement of key evidence-based statements that can be used in the formation of guidelines, 

ensuring robustness and reliability. The guidelines developed will be directly applicable to the IMCI 

framework, facilitating their integration into existing clinical pathways. 

While efforts are made to include a geographically and professionally diverse group of experts, 

the selection process may still introduce some bias. Given the scope of this process, the findings may 

be less applicable to high-income settings where the diagnostic infrastructure and clinical practices 

differ significantly from those in LMICs. The modified Delphi method relies on achieving consensus, 

which may not always reflect the most scientifically rigorous standards but rather the collective 

opinion of the panel. 

Conclusion: The integration of L-POCUS into healthcare settings in LMICs has the potential to 

revolutionize paediatric respiratory care by providing a reliable, cost-effective diagnostic tool for 

pneumonia and reducing unnecessary antibiotic prescription. This modified Delphi study aims to 

establish standardized guidelines for L-POCUS interpretation, addressing a critical need in paediatric 

pneumonia management.  
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