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NOTES FROM THE FIELD

Thoracic ultrasound for TB diagnosis in adults and children
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Thoracic ultrasound is an appealing alternative to chest
radiography for the diagnosis of TB. Based on research
experience conducting thoracic ultrasound for adults and
children in South Africa, three key considerations for po-
tential scale-up were identified. First, thoracic ultrasound
requires a comprehensive training programme for novice
users; artificial intelligence may be used to simplify train-
ing and interpretation. Second, a robust ultrasound de-
vice is needed with good subpleural resolution and a
probe suitable for children. Third, comprehensive scan-
ning of the lungs is time-intensive, and shorter scanning
protocols may be more feasible in clinical practice.

TB is the leading cause of death due to a single infec-
tious agent globally.! Chest radiography is the first-
line imaging modality for the diagnosis of TB,2 al-
though there are often barriers to access in TB-endemic
settings. Thoracic ultrasound detects peripheral lesions
in patients with pulmonary TB such as consolidations
and small subpleural consolidations (SPC);*-5 and al-
though it may not be able to detect some centrally lo-
cated features of TB, it could be an appealing alternative
to chest radiography (CXR) for TB screening and diag-
nosis. Ultrasound is portable, safe, and has promising
performance characteristics compared to CXR for diag-
nosis of other pulmonary pathologies such as pneumo-
nia.67 Data on its diagnostic accuracy for TB are still
limited.3-5 Furthermore, the recent availability of afford-
able, hand-held, chip-based devices has the potential to
improve access to this rapidly evolving technology.

Based on our experience in performing thoracic ul-
trasounds for adult and paediatric study participants
in Durban and Cape Town, South Africa, we describe
challenges encountered and lessons learned, which
may assist clinicians, researchers and device develop-
ers who are interested in the potential use of ultra-
sound for TB diagnosis.

Ethical approval was obtained for the adult study
from the Biomedical Research Ethics Committee, Uni-
versity of KwaZulu-Natal, Durban, South Africa, and
the London School of Hygiene & Tropical Medicine,
London, UK; and from the Stellenbosch University
Human Research Ethics Committee, Tygerberg, South
Africa, for the paediatric study.

OPERATOR TRAINING

Ultrasounds in the adult study were performed by a
senior board-certified radiologist (RJ) with substantial

prior ultrasound experience, but not previously
trained in lung ultrasound, and three pulmonologists
(PM, MM, DK) with minimal prior ultrasound experi-
ence. In the paediatric study, ultrasounds were per-
formed by a senior board-certified radiologist (RP)
with substantial general, but not lung, ultrasound ex-
perience, a paediatrician (AR) with some prior ultra-
sound experience and a trained sonographer with no
specific lung ultrasound experience. All study sonogra-
phers underwent similar lung ultrasound training.
Our training programme consisted of a combination
of hands-on bedside training, which focused on scan
technique, as well as image review (which could be
done virtually) centred on interpretation. Training
was tailored to each sonographer’s level of experience,
ranging from several hours for experienced sonogra-
phers to several days for more novice operators.

In general, users reported ease of use for image ac-
quisition, but more challenges with the interpretation
of findings, particularly for subtle pleural-based pathol-
ogy. An operator’s ability to detect a lesion generally
improved with their level of experience. We found that
operator training was time-intensive, especially for
novice operators and required on-site presence of a
skilled trainer over an extended period of time for
most sonographers, to ensure independent proficiency.
Early quality assurance feedback was important to en-
sure consistency across operators, and clear codifica-
tion of findings was required for the research process.

Device selection and scanning technique
Both studies were proof-of-principle studies that
sought to perform comprehensive ultrasound exam-
inations with the best possible devices in order to as-
sess, in principle, whether ultrasound could detect TB.
Each began with a pilot phase, scanning all partici-
pants with both a standard ultrasound (GE Logiq P9,
Boston, MA, USA for adults; Canon Aplio 400, Tokyo,
Japan, for paediatrics) and a novel, hand-held, chip-
based device (ButterflylQ, Butterfly Network, Guilford,
CT, USA). The pilot phase was designed to determine
if the hand-held device performed well enough to be
used alone for the rest of the study. Standard ultra-
sound was set to “abdominal” pre-set; tissue harmon-
ics were turned off and depth was initially set to 11
cm in adults and 3.5 cm in paediatrics. The hand-held
device was set to “lung” or “paediatric lung” pre-set
according to patient age, which included pre-set
depths of 8 cm and 4 cm, respectively.

The scanning technique chosen for this work was
similar in both study populations and based on previ-
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ously described techniques.3# It involved comprehen-
sive, systematic interrogation of each intercostal space,
from apices to diaphragm, in longitudinal and trans-
verse planes for adults and transverse only for paediat-
rics. The chest was divided into a total of 18 regions
(for each lung, upper, middle and lower regions anteri-
orly, laterally and posteriorly) per participant, and rep-
resentative images were saved from each region for re-
view by a masked expert.

STANDARD VS. NOVEL HAND-HELD
ULTRASOUND

Standard ultrasound provided acceptable resolution in
both adult and paediatric patients, and was taken as
the reference standard for our informal comparison
with the novel hand-held device during the pilot
phase.

Adult experiences

According to our a priori-defined scanning protocol,
the novel device provided suboptimal resolution for
subtle, pleural-based pathology such as SPC and pleu-
ral line irregularities when used in adults at a stan-
dardised scanning depth of 11 cm (Figure 1). This was
especially important because SPCs were considered im-
portant findings for TB based on previous studies.3-5
Reducing depth improved resolution at the pleural
line but overlooked deeper structures in adults, mak-
ing it impractical. Other pre-sets on the novel device
were tried; however, these did not significantly im-
prove resolution. The device was not able to consis-
tently complete our lengthy scan protocol and would
occasionally freeze before completing the examina-
tion. In addition, the process of labelling images on
the novel device was time-consuming. Given these
limitations of the novel device in adults, we chose to
continue using the standard device as the primary im-
aging tool in adults and to use the novel device only
for “spot” imaging.

Paediatric experiences

In the paediatric study, the novel device provided ade-
quate resolution for lung pathology compared to the
standard ultrasound, including excellent pleural and
subpleural detail. However, the novel device probe was
too large to perform suprasternal notch scanning (Fig-
ure 2), which is the most important view to evaluate
for potential mediastinal lymphadenopathy, a key ra-
diological finding in paediatric TB. Despite this signifi-
cant limitation, the paediatric study continued with
the novel device as the primary imaging tool even af-
ter the pilot phase, as the pulmonary imaging was of
acceptable quality. One possible explanation for the
superior image quality in children compared to adults
is that the shallower scanning depth used in paediat-
rics allowed for higher image resolution.

EXAMINATION TIME

A comprehensive scanning technique was used with a
view to optimising sensitivity in these proof-of-princi-
ple studies. The median thoracic scan time was respec-
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tively 32 min (interquartile range [IQR] 27-40) and 20
(IQR 15-27) min in adult and paediatric patients, al-
though there was considerable variation. This recorded
time typically included all image labelling, archiving
of images and simultaneous case report form comple-
tion by a second investigator according to a rigorous
research protocol. Examination time is thus likely to
be shorter in clinical practice. Longer scan times were
noted for patients with more extensive pathology.

DISCUSSION

Our experiences reveal three main considerations re-
lated to the use of thoracic ultrasound in the TB diag-
nostic pathway: training, device characteristics and
scanning technique.

First, thoracic ultrasound requires a comprehensive
training programme for novice users. Effective training
is an iterative process, and early feedback is essential to
ensure there is consistency in regard to lesion identifi-
cation and classification. This could be a significant
barrier to broader implementation of thoracic ultra-
sound. There may be potential for artificial intelligence
(A]) to assist with shortening the time needed to train
operators in both image acquisition and interpretation.
A finding such as a subtle SPC that flashes quickly
across the screen may be more easily detected by a
well-trained Al algorithm than by a novice sonogra-
pher with basic training. Thoracic ultrasound AI algo-
rithms have already been developed to detect pneumo-
nia® and B-lines (sonographic signs of interstitial
oedema), as well as to guide operators in cardiac imag-
ing probe placement,® and the field is rapidly evolving.

Second, the novel, chip-based, hand-held device
may need software and hardware adaptations for
adults to optimise resolution for pleural-based pathol-
ogy, which may be particularly important in TB diag-
nosis. Additionally, in the specific context of TB diag-
nosis, a smaller probe footprint is needed to allow
assessment for mediastinal lymphadenopathy in
children.

Third, the comprehensive scanning protocols of the
lungs used in these research studies was time-inten-
sive. Shorter scanning protocols may be more feasible
in clinical practice. For example, a previously described
six-zone, 12-view scan technique,’® which involves
sliding from apices to diaphragm in anterior, lateral
and posterior zones, could be adapted for TB by in-
cluding additional views at the anterior and posterior
apices, which are frequently affected by TB. Shorter
scanning protocols should be evaluated in future stud-
ies to determine if acceptable sensitivity can be main-
tained with shorter scan times.

Strengths of this report include incorporation of ex-
periences from both adult and paediatric populations,
from a TB-endemic region, and across diverse ultra-
sound operators and devices. Limitations include het-
erogeneity in implementation practices between adults
and paediatrics, and non-systematic assessment of op-
erator experiences. Future studies of ultrasound for TB
diagnosis should ideally include systematic evalua-
tions of user experiences to guide best practices.
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FIGURE 1 Comparison of standard and novel ultrasound devices in study participants. Large consolidation (arrowhead), characterised by sub-
pleural echo poor or tissue-like region =1 cm in depth or length, seen on standard device (Panel A) is adequately imaged on novel device
(Panel B). More subtle, small subpleural consolidation (thin arrow), characterised by hypoechoic subpleural region less than 1 cm x 1 cm, with
distinct borders and posterior trailing artifact, seen on standard device (Panel C) is sub-optimally imaged on novel device (Panel D).
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FIGURE 2 Example of suprasternal notch imaging in paediatric
patient.
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CONCLUSION

Thoracic ultrasound may have a potential role in screening and
diagnosis of TB; if it proves to be a useful tool, implementation
challenges will need to be addressed before it can be deployed ef-
fectively. Key issues to be addressed in the future include device
design and selection, optimal scan protocol, the need for operator
training, and the potential role for Al to simplify training and
interpretation.
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L'échographie thoracique est une alternative attrayante a la
radiographie pulmonaire pour le diagnostic de la TB. En prenant
appui sur I'expérience acquise lors d’études ayant utilisé I’échographie
thoracique chez l'adulte et I'enfant en Afrique du Sud, trois
considérations clés pour une éventuelle utilisation accrue de cet outil
ont été identifiées. Premiérement, tout nouvel utilisateur d’un
échographe thoracique doit suivre un programme de formation

exhaustif. L'intelligence artificielle pourrait &tre utilisée pour simplifier
la formation et l'interprétation des résultats. Deuxiemement, un
échographe de qualité est nécessaire, avec une bonne résolution
sous-pleurale et une sonde adaptée a I’enfant. Troisiemement, une
scannographie exhaustive des poumons est chronophage ; des
protocoles de scannographie plus courts pourraient étre plus faciles
en pratique clinique.
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