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Abstract

Objective: Lung ultrasound (LUS) is an alternative to chest radiography to confirm a diagnosis
of pneumonia. For research and disease surveillance, methods to use LUS to diagnose pneumonia
are needed.

Methods: In the Household Air Pollution Intervention Network (HAPIN) trial, LUS was used
to confirm a clinical diagnosis of severe pneumonia in infants. We developed a standardized
definition of pneumonia, protocols for recruitment and training of sonographers, along with LUS
image acquisition and interpretation. We use a blinded panel approach to interpretation with LUS
cine-loops randomized to non-scanning sonographers with expert review.
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Discussion: We obtained 357 lung ultrasound scans: 159, 8 and 190 scans were collected in
Guatemala, Peru and Rwanda, respectively. The diagnosis of primary endpoint pneumonia (PEP)
required an expert tie breaker in 181 scans (39%). PEP was diagnosed in 141 scans (40%), not
diagnosed in 213 (60%), with 3 scans (<1%) deemed uninterpretable. Agreement among the two
blinded sonographers and the expert reader in Guatemala, Peru and Rwanda was 65%, 62%, and
67%, with a prevalence-and-bias-corrected kappa of 0.30, 0.24 and 0.33, respectively.

Conclusion: In the HAPIN study,the use of standardized imaging protocols, training and an
adjudication panel resulted in high confidence for the diagnosis of pneumonia using LUS.

Keywords

Respiratory Tract Infections; Infant; Developing Countries; Ultrasound; Pneumonia; Imaging;
research protocol

INTRODUCTION

Pneumonia remains the leading infectious cause of death in children under the age of

five in low- and middle-income countries (LMICs), despite a significant reduction in

the number of deaths from pneumonia over the past fifteen years.! In LMICs, clinical
definitions based on signs and symptoms are used to make a diagnosis of pneumonia,
with the World Health Organization Integrated Management of Childhood IlIiness (WHO
IMCI) definition being the most commonly used.? Because a clinical definition is used
primarily for case management rather than surveillance, the algorithm intentionally favors
sensitivity over specificity, resulting in a high proportion of false positive cases.22 Imaging
of children with clinical pneumonia could improve specificity in confirming a diagnosis.3
Chest radiography is currently the most widely used chest imaging technique for clinical
purposes and is the gold standard imaging technique used in epidemiologic studies and
vaccine trials. Standardized definitions of pneumonia by chest radiography interpretation
are well validated.# Although widely accepted, radiography equipment requires dedicated
personnel, regular maintenance, and adequate infrastructure to support its use.# Cost and
lack of portability of radiography equipment also limits access for clinical practice and in
research studies in LMICs.*® Furthermore, radiography exposes children to carcinogenic
ionizing radiation.®

Lung ultrasound (LUS) is an alternative chest imaging modality that offers improved,
sensitivity and specificity compared to chest radiography in detecting pneumonia in neonates
and infants.”~13 Modern ultrasound systems are portable, less expensive than radiography
equipment, do not emit radiation, and clinicians without specialized training can be taught
to perform ultrasound to facilitate a rapid diagnosis.14-16 For research purposes and disease
surveillance, standardized methods to utilize LUS need to be established. In the Household
Air Pollution Intervention Network (HAPIN) trial, LUS was used as a method to confirm

a clinical diagnosis of severe pneumonia in children less than one year of age.1” In this
manuscript, we describe the protocols and procedures for utilizing LUS in our trial and

the results of a panel interpretation approach for LUS. We present the quality control
assessments used during the trial to develop strengthened protocols and training for future
use of LUS in research studies or disease surveillance.
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MATERIALS AND METHODS

Study design and setting

The HAPIN trial is a randomized controlled trial of a liquefied petroleum gas (LPG)

stove and continuous, free fuel distribution intervention combined with behavioral change
reinforcement to encourage LPG use in 3,200 households across four LMICs: Guatemala,
India, Peru, and Rwanda. Each International Research Centre (IRC) recruited 800 pregnant
women (18-34 years of age, 9-19 weeks gestation) and followed infants born to these
women for their first year of life to determine the incidence of severe pneumonia. Full
details of the main trial are described elsewhere.1819 As detailed elsewhere, the HAPIN trial
created a protocol and uses an adaptation of the most recent WHO IMCI case definition of
severe pneumonia.1’ As shown in Table 1, one component of our definition of pneumonia

is a positive finding on LUS, which we refer to as primary endpoint pneumonia (PEP).1” To
determine if PEP was present, local clinicians were trained in Guatemala, Peru, and Rwanda
to perform a LUS when a suspected case of pneumonia presented to a hospital or health
center where surveillance was being performed. Due to local regulations limiting ultrasound
use, it was not feasible to perform LUS in India; chest radiography was used for imaging
confirmation.1’

Performing an ultrasound

A LUS was performed on all participating children aged <12 months who presented to a
hospital or health center with suspected pneumonia. Ultrasound equipment was provided
to each site (SonoSite Edge, Sonosite-FujiFilm, Bothell, QA). When a participant child
presented with suspected pneumonia, a trial certified sonographer performed a LUS on the
child within twenty-four hours of the initial assessment by the local field team.1’ To meet
the definition of PEP, the scan had to meet minimal quality standards of high or medium
quality and have findings consistent with the definition of pneumonia (Table 1 and Figure
1)'16

Storage and interpretation of scans

We used TRICE (TRICE Imaging, Del Mar, California, USA) to store and read images.20
TRICE customized features for storage and blinded interpretation of LUS videos for our
trial. Specifically, TRICE developed a dashboard that allowed a coordinator to assign

and notify sonographers to read images. This feature in TRICE was important to our
interpretation strategy, which required each LUS video to be interpreted by up to four
different sonographers (scanning sonographer, Reader A, Reader B, and expert tie-breaker
sonographer). Still images captured from ultrasound cine-loops were used to measure the
largest vertical and horizontal dimensions of a consolidation. Annotations were saved on the
system but could only be seen by the sonographer who placed the annotations to maintain
blinding of the interpretation to other sonographers.

Sonographer training

We recruited local doctors and nurses at each IRC to become certified sonographers in
LUS. We sought to have three sonographers at each IRC. The experience of these providers
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ranged from no experience to prior experience with ultrasound. Sonographers underwent

a standardized training process to become certified and scan participants for the trial.18
First, each trainee completed web-based didactic sessions and later attended a centralized
training workshop at Washington University School of Medicine in St. Louis, Missouri,
USA. Details of this workshop are described elsewhere.29 An expert sonographer, who

had significant experience in performing LUS in field trials, then traveled to each IRC

and provided additional didactic and hands-on training. Local sonographers were asked to
complete a series of scans and supervised interpretations and had to meet quality standards
to become certified. If a certified sonographer was unable to continue, then another
sonographer was recruited and trained as a replacement. The training of the replacement
sonographer occurred via a virtual platform secondary to the COVID-19 pandemic.?! Details
of training are available in the Online Supplement. A total of 17 sonographers (5 from
Guatemala, 7 from Peru, and 5 from Rwanda) were trained during the HAPIN trial of which
14 were trained in person and three were trained virtually. The number of sonographers
varied during the trial.

Image interpretation

We used a panel approach to interpret and adjudicate all LUS images. The design of

the panel accomplished two objectives (Figure 2): panel interpretation of LUS to reach
consensus on a diagnosis; and continuous preliminary reporting on quality and interpretation
of each scan. Scanning sonographers uploaded the LUS images to TRICE and performed the
initial quality control and interpretation. This was done to ensure that the required 24 LUS
cine-loops were obtained during scanning. Scanning sonographers were asked to provide

an initial interpretation to maintain interpretive skills. While the imaging sonographer’s
interpretation was valuable as a quality assurance strategy to improve image quality and

to identify errors in image acquisition, labeling, or upload, their interpretation was not
considered in the final adjudication of PEP, as they were not blinded to the clinical
presentation of the child or randomization in the trial.

All certified sonographers were pooled to serve as panelists for adjudication. When a scan
was uploaded to the system, the coordinator copied the cine-loop in its original form

and assigned two sonographers (Reader A and Reader B) who were blinded to clinical
presentation to interpret the cine-loop. Reader A and Reader B were not from the same
IRC as the scan was conducted to minimize bias. Reader A and Reader B were titles
assigned for tracking to ensure each image received two different interpreting sonographers.
Panelists were blinded to the clinical presentation of the child, randomization in the trial,
and interpretation from other sonographers. If Readers A and B agreed on the diagnosis,
then the diagnosis was final. If they disagreed, then an expert sonographer — who was

also blinded to the clinical presentation, randomization assignment and to the interpretation
of other sonographers — was used as a tiebreaker to reach agreement. The expert was a
physician who was previously trained by our team for another study and had interpreted
more than 5,000 LUS cine-loops.

To provide monthly feedback to the IRCs and funders on progress in data collection, all
scans were interpreted by the expert sonographer. This served three purposes: it provided a
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preliminary interpretation of the scan to give feedback to IRCs; it was used as tie breaker if
the two sonographers disagreed on the diagnosis; and the expert sonographer read was used
in quality assurance.

Quality Control of Image Collection and Interpretation

Interpretations by the sonographers were compared to the expert sonographer on a quarterly
basis by investigators. If a trend of poor agreement was noticed (agreement <60%) then the
sonographer was asked to stop interpreting images and undergo retraining with the expert
sonographer. The sonographer and the expert assessed the areas of error in conduct and
interpretation of scans and developed a retraining plan to strengthen the standardization of
interpretation of scans.

Statistical methods

RESULTS

We calculated agreement between our interpreting sonographers (Reader A and Reader B)
and expert (Reader A and expert, Reader B and expert) after categorizing the image as

high or medium quality and PEP as present or absent. To account for agreement by chance,
we calculated the unadjusted Cohen’s kappa (k) statistic to measure strength of agreement
between the sonographer and expert. We used a kappa statistic, both unadjusted and adjusted
for prevalence and bias (PABAK) to estimate reader agreement not expected by chance.?2

If an interpreting sonographer performed worse than chance, then the panel interpretations
by this sonographer were not used and the expert replaced the interpreting sonographer. All
analyses were conducted using R software version 4.1.2 (Bird Hippie) using the packages
tidyverse and epiR.

Ethical Approval and Dissemination: The study protocol has been reviewed

and approved by institutional review boards (IRBs) or Ethics Committees at Emory
University (00089799), Johns Hopkins University (00007403), Sri Ramachandra Institute
of Higher Education and Research (IEC-N1/16/JUL/54/49) and the Indian Council of
Medical Research — Health Ministry Screening Committee (5/8/4-30/(Env)/Indo-US/2016-
NCD-I1), Universidad del Valle de Guatemala (146—08-2016/11-2016) and Guatemalan
Ministry of Health National Ethics Committee (11-2016), A.B. PRISMA, the London
School of Hygiene and Tropical Medicine (11664-5) and the Rwandan National Ethics
Committee (N0.357/RNEC/2018), and Washington University in St. Louis (201611159).
The study results will be disseminated to the appropriate stakeholders through presentations,
conferences, and peer-reviewed journals.

Conduct, randomization of scans and identification of PEP on lung ultrasound

A total of 357 LUS scans were conducted between January 17, 2019, and April 24, 2021
(Figure 3). Rwanda conducted 190 scans, Guatemala conducted 159, and Peru conducted
eight. Reader A and Reader B were randomly assigned to interpret these scans for a total
of 714 interpretations. The expert reader interpreted all 357 scans. The interpretations for
one sonographer were removed from the panel because of poor performance in interpreting
within the panel without improvement after retraining (n=82). She conducted one scan of a

Ultrasound Med Biol. Author manuscript; available in PMC 2024 May 01.
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child during the trial. For these 82 scans, we used Reader’s A (or B) interpretation and the
expert sonographer.

Reader A and Reader B agreed on PEP for 67 scans and agreed on absence of PEP on 106
scans. Three scans (<1%) were uninterpretable and excluded. PEP was identified in 141
(40%) scans whereas PEP was not found in 213 (60%) scans after adjudication. A total of 98
scans met PEP criteria through the identification of consolidation defined as >1 intercostal
space in size or =1 cm in width or height. The remaining scans met PEP through more than
one criterion, such as having a consolidation that was >1 intercostal space in size or 21 cm
in width or height and pleural effusion and presence of =3 B-lines (Table 2).

Identification of sonographer errors

By comparing reads of the panel sonographers to the reads of the expert, key trends were
found where sonographers had difficulty identifying pathology. There was >78% agreement
in findings with the expert for identifying air or fluid bronchograms and shred sign in all 12
regions of the lung. The agreement between sonographers and the expert on identification of
consolidation occurred in >71% of scans. Sonographers had difficulty identifying =3 B-lines
present (agreement 46-56%) and pleural abnormalities (25-35%). These trends occurred
throughout all scans and were not specific to a particular lung field. See E-Tables 1 and 2 for
further details.

Agreement among ultrasound interpretation panel sonographers with Ultrasound Core
Lab expert sonographer

Inter-reader agreement among Readers A and B, and Reader A or B and the expert

was 62-64% with an unadjusted kappa 0.23-0.27 and a PABAK of 0.24-0.27 (Table 3).
Sonographers in Rwanda had the highest agreement with the expert reader (66.7%) with the
highest kappa (0.33) and PABAK (0.33) along with the highest volume of scans conducted
(n=190). Peru sonographers had the lowest agreement (62.2%), kappa (0.26) and PABAK
(0.24) along with the lowest volume of scans conducted (n=8). Individual sonographer’s
agreement with the expert was directly associated with volumes of scans interpreted (E-
Table 3).

DISCUSSION

We developed a comprehensive study protocol for the use of LUS for disease surveillance
and research that included both quality control and panel adjudication for interpretation. Our
protocol and panel approach to interpretation were successful in confirming a diagnosis of
severe pneumonia in children as part of the HAPIN trial.1” Through the analysis of quality
control data, we found that sonographer performance was associated with the volume of
scans conducted and interpreted. This was further seen that all of our sonographers needed
to undergo retraining following a gap in conducting scans during the COVID-19 lockdowns.
Furthermore, through evaluating performance of sonographers, we identified key areas to
strengthen during training programs and provide recommendations for using LUS in field
trials.

Ultrasound Med Biol. Author manuscript; available in PMC 2024 May 01.
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Our findings suggest that performance by our LUS panel was associated with the number

of scans that were conducted by each center.16 There is a dearth of literature on the use of
LUS in field trials for children, thus not allowing us to compare performance in our studies
with others. Drawing on the performance of the use of chest x-ray in children in field trials
or observational studies, our agreement and kappa statistics are similar or lower than that of
reading panels utilized in trials assessing chest x-ray agreement. The Pneumonia Etiology
Research for Child Health (PERCH), a case-control study on child pneumonia etiology from
seven LMIC settings utilized a reading panel to interpret chest x-rays to confirm findings of
pneumonia. PERCH found readers agreed on the presence or absence of PEP in 77.8% of
3497 interpretable images with an unadjusted kappa 0.50 and a prevalence and bias-adjusted
kappa of 0.56.23 In a study of WHO-defined community acquired pneumonia in five Indian
states, resulting in 2,829 interpretable x-rays, agreement was 86% and kappa ranged from
0.31-0.46 among the reading panel.24 In a study to evaluate vaccine effectiveness of the
pneumococcal 10-valent conjugate vaccine rollout in Bangladesh, interobserver agreement
for 9,723 images was 79.0% with an unadjusted kappa 0.35 and a PABAK of 0.58.2° The
same study in Bangladesh obtained 9,051 LUS on children with clinical pneumonia and

a panel interpretation of the images showed an agreement of 91% and a kappa of 0.86.16
Our sonographer panel performed with 61.2% agreement with a kappa 0.23 and a PABAK
or 0.24. We suspect the performance of our panel is not as strong for LUS compared to
other studies given the lower volumes of scans in our study.26 Volume of children presenting
for clinical evaluation was likely lower secondary to the COVID-19 pandemic. Moreover,
LUS use in field trials is early in development. Protocols and training for the use of LUS
need to be informed by data, such as ours, to strengthen the interpretation approach, quality
assessment and control.

Through this process, we found key areas for improvement when using LUS in future
studies or trials. Training for LUS was more feasibly conducted in-person than virtually.
As the COVID-19 pandemic spread, we had to transition from in-person training to a
virtual platform. This created difficulty with scheduling training sessions secondary to time
zone differences, connectivity issues in LMIC settings, and then a translator needed to be
scheduled concurrently to assist with the training sessions. We attribute this factor to the
poor performance of one of our sonographers, whose interpretations had to be excluded, as
we did not feel as though the virtual training platform was ideal for this sonographer. We
recommend in-person training when feasible, but this is more costly than virtual training.
Based on our review of the scans, enhanced training on identifying pleural abnormalities
and B-lines is needed to strengthen sonographer skills. We recommend having sonographers
conduct a higher volume of scans and interpret scans regularly without a prolonged delay
between scans. A higher volume of scans keeps the sonographers engaged, although may
contribute to additional study costs. One alternative, to keep costs low, is to create an
open-source bank of scans be created for routine interpretation by sonographers to ensure
proficiency.

To set up an approach that minimizes bias and maximizes information, protocols and
procedures were closely followed during the conduct of our trial. The standardized protocols
we developed can be applied for the field use of LUS for other randomized controlled trials,
observational trials, and routine disease surveillance in children and adults. Studies have
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shown that based on the ease of use of LUS, local clinicians were easily trained to perform
LUS in a standardized fashion. In our study, we found that remote training using a virtual
platform posed challenges that may have resulted in less effective training compared to
in-person training. As new lower-cost, portable ultrasound systems are introduced and scaled
up, the routine use of ultrasound in low-resource settings will become more feasible. Further
scaling-up quality assessment and control procedures will be necessary to ensure high
quality clinical assessments are being conducted. Given the ongoing COVID-19 pandemic
and the threat of future outbreaks of respiratory infections, there is an urgent need for
integrating resources that offer rapid confirmation of a clinical diagnosis of pneumonia. The
HAPIN trial training program and protocols may serve as a resource to build local capacity
in image acquisition and interpretation. The use of an adjudication panel for interpretation
lessens the concerns around inter-rater variability through reaching consensus.

Our strategy for interpretation has several strengths. The expert sonographer provided a
preliminary interpretation for feedback and then served as an arbitrator when there were
disagreements between sonographers. Furthermore, the expert sonographer provided quality
control checks and timely feedback to sonographers. One of the costs of this approach is that
the expert sonographer needed to review and interpret all images. We believed the benefits
outweighed the costs as each scan took approximately ten minutes to interpret. Having

two sonographers, each blinded to the clinical presentation, that agree on interpretation
minimizes bias and improves the quality of the information the ultrasound provides.
Customizing a cloud-based secured software with tools for image tracking, measuring,

and labelling videos created ease in the data analysis process. Training local clinicians to
perform LUS builds local capacity. We hope that the training these health care professionals
have received will be carried forward to their clinical practice to diagnose and triage patients
with pneumonia in local health facilities where ultrasound is available.

However, there are potential limitations to our approach. First, the coordination of three
sonographers at each international center and an expert reader demanded substantial time
and financial resources. Our approach also required an expert reader to adjudicate cases.
Second, use of ultrasound may not be possible in all sites secondary to legal regulation.
Third, we also found that performance of conducting and interpreting scans was based on
the volume of scans obtained. Indeed, agreement and inter-rater variability was higher in
Guatemala and Rwanda when compared to Peru. Based on this finding, we recommend that
sonographers conduct scans more routinely to keep up their acquisition and interpretation
skills. Fourth, due to the COVID-19 pandemic, in-person training and retraining was

not always possible. Instead, we relied on virtual platforms that created barriers for
scheduling mutual times for training given different time zones, connection difficulties

in LMIC settings, difficulty with language barriers,and lack of hands-on training with
live-subjects. This resulted in poor performance by one sonographer and inability to utilize
this sonographer’s interpretations. However, this experience presents itself as an opportunity
to understand the facilitators and barriers to online training for LUS and could potentially
be a strategy for training in low resource settings with refinement. Further refinement

of approaches for virtual training needs to be conducted to make this component more
successful.
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CONCLUSION

Portable LUS is emerging as a new imaging modality for diagnosing pneumonia in LMICs.
Standardized protocols for conducting field-based research studies, such as the one we
present in this manuscript, are needed to evaluate the use of this technology in confirming
a clinical diagnosis of pneumonia. In the HAPIN trial, we successfully utilized LUS to
confirm a diagnosis of clinical pneumonia in children for research purposes with high
confidence through the use of standardized imaging protocols, training and adjudication.
The volume of scans acquired and interpreted affects performance; as such, we recommend
sonographers regularly acquire and interpret scans to maintain skill level. We recommend a
strategy that includes intensive in-person training with continued practice, an adjudication
panel, and interpretation of images by an expert to provide quality control and arbitration in
interpretation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Primary Endpoint Pneumonia showing Primary Endpoint Pneumonia showing
a consolidation and air bronchograms a pleural effusion and consolidation of any size

Primary Endpoint Pneumonia with a Primary Endpoint Pneumonia with a
pleural affusion and pleural abnormalities (shred sign) pleural effusion and interstitial infiltrate (2 3 B-lines)

Figure 1. Examples of Primary Endpoint Pneumonia (PEP).
Left Upper Corner: This image shows the presence of a consolidation with air bronchograms

indicating PEP. Right Upper Corner: This image shows the presence of a pleural effusion
associated with a consolidation indicating PEP. Left Lower Corner: This image shows a
pleural effusion with pleural abnormalities (i.e. shred sign). Right Lower Corner: This image
shows a pleural effusion with interstitial infiltrates defined by = B-lines.
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Sonographer performs scan,
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uploads to TRICE, completes Lung
Ultrasound Interpretation FW

Scan is randomized to 2 blinded
sonographers other than the
scanning sonagrapher

Readers complete
the Lung Ultrasound
Interpretation
Form

Expert reader interprets all scans
and completes an Lung Ultrasound
Interpretation Form (to be used as
interpretation for preliminary cases
for progress reporting)

80% of scans
and interpretation
will be reviewed for
guality assurance

'

Y

If blinded sonographers agree to
either:
1. Primary Endpoint Pneumonia
2. No Primary Endpoint
Pneumonia

If blinded sonographers
disagree on a diagnosis

v

Read by expert reader will be the
tie-breaker

—>< Final diagnosis >4—

Figure 2. Workflow for Image Interpretation.

This flow chart demonstrates the step-by-step process for the acquisition of the cine-loop
image by the scanning sonographer, randomization to the two blinded sonographers, expert

quality control, and determination of the final diagnosis.
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Rwanda
n=190

Guatemala
n=159

Peru
n=8
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Scans randomized
n =357

l

Number of
o 14 ions -
n=714
Interpretation
dropped due to
poor reader  [®
performance
n=82
v ' .
Reader A Reader B Expert Reader
n=320 n=312 n=357
Scans excluded
| due to poor quality
n=3
\ * \
Reader-A & Reader-B Reader-A & Reader-B Expert reader
agreed on PEP agreed on no-PEP tie-breaker for PEP
n=67 n =106 n=181

Figure 3. LUS Adjudication Diagram.

[

|

'

Cases of PEP
n=141

This consort diagram demonstrates the number of ultrasounds acquired by IRC,
randomization, interpretation and determination of final diagnosis within our panel.
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Table 1.

Definition of Primary Endpoint Pneumonia (PEP) on lung ultrasound

Quality Standards

Definition of Primary Endpoint Pneumonia

High Quality (all criteria must be met):
- Depth 6 cm
- Gain allows visibility of 6 cm
- Good visualization of the lung parenchyma

- 24 complete views, both sagittal and longitudinal images
are obtained

1) Consolidation that is either >1 intercostal space in size or 21 cm in
width or height with or without the presence of air bronchograms or
shred sign

or

Medium Quality (all criteria must be met):
- Depth 6 cm
- Gain allows visibility of 6 cm
- Good visualization of the lung parenchyma

- 24 regions recorded with 1 or 2 zones not interpretable.

Low Quality:

- The criteria for good or medium quality are not met.

2) Pleural effusion of any size that has any of the following spatially
located findings:

- Consolidation of any size
- Pleural abnormalities

- Interstitial infiltrate (= 3 B-lines)

Appearance of findings on lung ultrasound

Consolidation: Appears as a hypoechoic area or tissue pattern with loss or attenuation of distinct pleural lines.

Air bronchogram: Appears as a dot-like or a linear hyperechoic artifact within the consolidation.

by an irregular border.

Shred sign: Appears as an irregular border that interrupts the pleura and goes beneath the pleura and is a consolidation that is limited in depth

Pleural abnormalities: Appears as an irregular border that interrupts the pleura but is still along the pleura.

Pleural effusion: Appears as an anechoic (black area with no a-lines or air bronchograms) and represents fluid.

Lung sliding: Appears as rhythmic movements of the pleural line with respiration.

A-lines: Equally spaced horizontal lines parallel to the pleural line, representing artifact generated by subpleural air.

B-lines: Appear as a line that starts at the pleura and reaches the bottom of the screen and erase A-lines when the lung is sliding.

Interstitial infiltrate: Appears as =3 B-lines
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Table 2.

Primary Endpoint Pneumonia (PEP) determination by lung ultrasound finding. This includes the scans that
will be used in the primary analysis (Agreement on Reader A & Reader B or tie breaker). Includes the number
of scans who are considered primary endpoint pneumonia and how the diagnosis of PEP was determined; and
is not mutually exclusive; therefore, a scan may meet the qualification under one or more categories.

Consolidation >1 intercostal space Pleural effusion + Pleural Effusion Pleural Effusion +
or =1cm in width or height with or consolidation of any + pleural Interstitial Abnormalities
without air bronchograms or shred size abnormalities (= 3 B-lines)
sign
Number of scans
diagnosed as 98 65 44 55
PEP
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Table 3.

Agreement among reading panel members.

Readers Agreement | Unadjusted-kappa | Prevalence and bias adjusted kappa
Reader A- Reader B 62% 0.23 0.24
Reader A- Expert Reader 64% 0.26 0.27
Reader B- Expert Reader 62% 0.24 0.24
Guatemala Reader- Expert Reader 65% 0.29 0.30
Peru Readers- Expert Readers 62% 0.26 0.24
Rwanda Readers- Expert Reader 67% 0.33 0.33
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