Volume 22, No 2 ' International Journal of Radiation Research, April 2024

The role of imaging techniques in the diagnosis and treatment
of neonatal pneumothorax: A comparative analysis of
ultrasound and chest X-ray
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While neonatal pneumothorax (NP) is uncommon, it presents a serious condition
requiring immediate and precise diagnosis and treatment. To achieve this,
dependence on imaging techniques is crucial for detecting gas accumulation within
the infant's thoracic cavity. Traditionally, diagnosing NP relies heavily on Chest X-ray
(CXR) examinations, involving ionizing radiation exposure, a persisting concern.
Conversely, lung ultrasonography (LUS) has gained widespread recognition due to its
convenience, expediency, and radiation-free attributes. The debate over whether LUS
can completely replace traditional CXR remains contentious. Our objective is to
conduct a thorough analysis of the efficacy of LUS and CXR examinations in diagnosing
NP, with the intention of offering additional references for clinicians to optimize
medical care for infants, minimizing radiation exposure and ensuring comprehensive
protection of their health and safety.
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INTRODUCTION

Neonatal pneumothorax (NP) is characterized by
the accumulation of gas in the chest cavity after birth,
resulting in lung compression and triggering
respiratory distress in newborns. It represents one of
the more prevalent critical illnesses in neonates
admitted to the intensive care unit (1). Pneumothorax
is categorized into two types: primary and secondary.
Primary pneumothorax results from congenital lung
tissue abnormalities, while secondary pneumothorax
is typically associated with other diseases or
conditions (e.g., prematurity, neonatal induced
pneumonia, mechanical ventilation, etc.) 3. Common
clinical signs of NP include shortness of breath,
dyspnea, diminished cries, pallor or cyanosis, and
emotional distress. A sudden increase in the
respiratory rate aids in reliably identifying early signs
of impending NP ). While NP is relatively rare, its
incidence may vary regionally and among specific
populations. Mortality typically depends on the
severity of the condition and the efficacy of early
diagnosis and treatment. A retrospective survey of
71,237 neonates in Canada revealed that the
incidence of pneumothorax (PTX) in the neonatal
population was 4.00% in early preterm, 2.60% in mid
- to late-term preterm, and 6.70% in full-term
neonates (4, Another survey from the United States of

America demonstrated that among 13,811 neonates,
the prevalence of PTX was 2.50% in infants with a
birth weight of <2500 g and 2.50% in infants with a
birth weight of 22500 g ). Proper treatment of NP
typically results in no significant long-term sequelae.
However, in some cases, especially if the
pneumothorax is severe or progresses rapidly, it may
be accompanied by hypoxia, hypercapnia, and sudden
deterioration of cardiorespiratory fitness (6,
necessitating long-term monitoring and management.
Rapid and accurate diagnosis facilitates early
intervention in NP development, minimizing the
likelihood of sequelae.

Ultrasonography offers radiation-free, real-time,
high-resolution = images for  assessing gas
accumulation in the thoracic cavity (7). LUS primarily
employed to observe peripheral lung lesions and
pleural manifestations. In cases of pneumothorax, air
is present between the chest wall and the visceral
pleura, which is shallow and easily visualized using
ultrasound. This method is particularly advantageous
in neonates due to their thin chest wall and small
lung volume ®). This feature aids neonates in
reducing the risk of respiratory distress, respiratory
muscle fatigue, and other complications. The
accuracy of ultrasound features in detecting NP is
now widely validated (9. Ultrasound imaging can
typically be performed through the chest wall
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without invasive procedures. Typically, physicians
require some training and experience to perform
ultrasound for pneumothorax detection. Additionally,
ultrasonography is a real-time examination method
that enables immediate observation of results by the
physician. This makes ultrasonography a powerful
tool in NP management due to its research advances,
accuracy, and ease of use.

The standard diagnostic method for detecting
pneumothorax is computed tomography (CT), but
CXR is often used as a first-line diagnostic test (10).
CXR technology, also known as chest fluoroscopy, is a
medical imaging method focused on creating images
of chest structures through X-ray radiation to
diagnose diseases and injuries (11). X-rays penetrate
the patient's chest, and their absorption by different
tissues results in the creation of an image on a
photographic  negative or  digital detector.
Consequently, CXRs have been widely employed to
detect diseases such as lung infections,
pneumothorax, and chest trauma (12), Despite its
non-invasive nature, CXR technology may lack the
precision of other imaging techniques (e.g., CT scan
or MRI) in certain cases. Additionally, CXRs emit
ionizing radiation, posing a potential risk of cellular
damage. Clinical staff routinely take measures to
minimize patients' radiation exposure, especially for
pregnant women and newborns. Therefore, this study
explores whether ultrasonography can serve as a
safer, faster, and more accurate screening method to
mitigate the risks of ionizing radiation and provide
health protection for newborns. This study conducted
searches in the PubMed database, Web of Science
database, and Google Scholar to investigate whether
ultrasonography could serve as a safer, faster, and
more accurate method to mitigate the risk of ionizing
radiation for the health of newborns. The keywords
"Pneumothorax,” "neonatal,” "imaging," "ultrasound,"
and "X-ray" were employed for a comprehensive
full-text search. A substantial body of literature was
reviewed to assess the potential of ultrasonography
as a safer, faster, and more accurate screening
method to minimize the hazards of ionizing radiation
and provide health protection for newborns. To the
best of our knowledge, this study represents the first
attempt to explore the safety and efficacy of
ultrasonography and CXR in managing neonatal
pneumonia.

Ultrasound in neonatal pneumothorax
Technical principles and application scenarios

In ultrasound diagnosis, physicians employ
ultrasound probes to transmit high-frequency sound
waves to various body parts of newborns,
subsequently detecting the reflections of these waves
in tissues to assess the health status of the newborn.
Ultrasound proves effective in revealing abnormal
pockets or sacs of gas when a pneumothorax leads to
air accumulation in the chest cavity (13). At this stage,

the physician can utilize the ultrasound image to
determine the location, size, and severity of the
pneumothorax. With technological advancements, an
increasing number of hospitals and healthcare
facilities are integrating portable and handheld
ultrasound equipment, facilitating ultrasound
examinations in neonatal wards or infant care units
and enhancing diagnostic accessibility (14,

The assessment of pneumothorax progression
through ultrasonography is currently considered a
safe, straightforward, and radiation-free method for
visualizing the status of peripheral lung lesions and
pleural manifestations, proving to be a valuable
diagnostic tool employed by specialists (15). Various
lung conditions, including respiratory distress
syndrome, neonatal transient dyspnea, pneumonia,
atelectasis, and pneumothorax, can be readily
diagnosed using LUS @6 17), Key LUS indicators
of neonatal pneumothorax encompass the
disappearance of lung glides, B-lines, pleural and
A-lines, and/or lung points. Furthermore, the
vanishing of the pleural line hiatus (PHI) is a rare
ultrasound sign on LUS, and selecting the precordial
region as the puncture site is considered safe for
treating neonatal pneumothorax in cases where PHI
disappears. The high resolution of ultrasound enables
physicians to observe real-time ultrasound images,
providing better guidance for therapeutic procedures
like thoracentesis, thereby minimizing unnecessary
trauma (18). However, the inability of ultrasound
waves to pass through air creates reflection artifacts,
preventing LUS from serving as a complete substitute
for chest X-rays or CT/MRI scans (19). Consequently, if
the neonate's clinical symptoms are not effectively
alleviated with medication or if the clinical
manifestations do not align with ultrasound results, it
is advisable to conduct a chest X-ray or CT/MRI scan
to avoid misdiagnosis and mistreatment.

Operational precautions

When utilizing ultrasound for NP diagnosis,
practitioners must adhere to specific principles and
precautions to ensure accurate diagnosis and
neonatal safety. Following the determination of the
ultrasound scan position, the physician should select
an appropriate linear high-frequency probe,
examining various directions, including longitudinal
and transverse, to gather  comprehensive
information. Real-time monitoring to identify optimal
dynamic changes allows for capturing images,
providing essential clinical references for treatment.
Given the challenges posed by uncooperative
newborns, additional personnel may be enlisted to
assist in securing the infant's position during the
examination, minimizing the risk of accidental injury
from the instrument. In instances where the neonate
cries, the physician should elucidate the procedure
and results, furnish clear information to the parents
or guardians to alleviate anxiety, and seek their
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assistance in calming the neonate.

If PTX puncture therapy is warranted based on
LUS, strict aseptic techniques are observed to ensure
procedural safety. In general, the intercostal space
exhibiting B-shaped pleural and A lines, the space
where lung sliding disappears on real-time LUS, and
the site of the M-shaped stratospheric sign are
considered safe puncture sites. Continuous
monitoring of neonates post-puncture is imperative
to prevent potential serious complications arising
from pneumothorax.

Future development

With technological advancements, 5G-based
remote ultrasound consultation offers some patients
the opportunity to access medical treatment locally,
reducing the time and transport costs associated with
traveling to and from larger hospitals, thereby
alleviating the economic burden on patients.
Nevertheless, the clarity of dynamic ultrasound
images directly influences the judgment of remote
expert consultations. Enhancing the resolution of
dynamic ultrasound images in remote settings can
aid experts in clearly discerning details of
pneumothorax, such as the size and position of the air
sac, thereby effectively improving the compliance
rate of remote ultrasound diagnoses.

Expanding on traditional ultrasound diagnostic
technology, the incorporation of 3D ultrasound
imaging, along with computer-aided diagnosis and
deep learning technology, and integrated multimodal
imaging, promises a more comprehensive assessment
of pneumothorax. This approach facilitates automatic
pneumothorax detection, reducing subjective
operator interventions and enhancing result
accuracy. Moreover, utilizing ultrasound technology
for real-time monitoring of pneumothorax changes
and guiding minimally invasive puncture techniques
to minimize patient discomfort and risk represents a
promising avenue for future technological
advancements.

Throughout the entire ultrasound diagnostic
process, the operator's proficiency, training,
emergency thinking, critical care expertise, and other
knowledge reserves are pivotal factors influencing
the development of ultrasound technology. There is a
pressing need to integrate ultrasound with
emergency and critical care theoretical systems to
facilitate its more effective application in clinical
settings.

Application of CXR in neonatal pneumothorax
Technical principles and application scenarios

The technical process underlying CXR for
diagnosing NP encompasses the transmission,
capture, and generation of X-ray images (29). X-rays,
being high-energy electromagnetic radiation, are
absorbed to varying degrees by substances of
different densities in body tissues. Accumulated air in

pneumothorax exhibits low X-ray absorption,
appearing as a darker area distinguishable from the
brighter surrounding tissues (21). The transmitted
X-rays are captured by a digital X-ray detector and
converted into a digital image. Clinical digital image
recognition features of pneumothorax include
reduced lung volume and the presence of a dark area
in the thoracic cavity. However, specific X-ray
manifestations closely correlate with the amount of
free gas, lung freedom, and body position (22.23),

As X-rays involve radiation, physicians should
carefully balance medical necessity against the risk of
radiation exposure. For neonates with respiratory
and cardiovascular symptoms resembling
pneumothorax, X-rays can aid physicians in ruling out
other underlying diseases, ensuring accurate
diagnosis (22). Additionally, in neonates requiring
surgical intervention for pneumothorax, CXRs can be
used preoperatively to assess the extent and location
of the pneumothorax, aiding the surgical team in
planning the operation and evaluating postoperative
outcomes. Despite their utility, CXR instruments lack
portability, hindering real-time monitoring of
neonatal pneumothorax. In cases of tension
pneumothorax, waiting for an X-ray may not be
feasible (24). Furthermore, X-ray equipment and
examinations are generally less costly compared to
some advanced ultrasound equipment (CT/MRI). LUS
and CXR images of a NP patient were selected for
display (figure 1) (25),

Figure 1. The chest X-ray (CXR) exhibits an increase in
pulmonary markings with a blurred pattern, and a distinct
"spinning top-shaped" shadow is clearly visible. Signs of
pneumothorax (A) are detected. Lung ultrasonography (LUS,
M-mode): The left lung reveals the presence of "comet tail
artifacts," while the right lung exhibits the typical "lung point"
sign, confirming the presence of right-sided pneumothorax

(B).

Operational note

When neonatal pneumothorax occurs, gas tends
to accumulate in the anterior part of the chest cavity,
on the diaphragm, and in the inner part of the lung
field. Due to the unique chest structure of neonates,
coupled with immature development and lower
cooperation ability, they are more susceptible to
radiation, making it challenging to obtain high-quality
imaging. To achieve such images, a standardized
approach to camera operation is crucial,
accompanied by an effective radiation protection
strategy to mitigate the impact of radiation exposure
on the neonate.

In general, it is advisable to position the neonate
in the supine anterior-posterior position, with both
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upper limb joints internally rotated, pulling the scap-
ulae to the sides, straightening both lower limbs, and
immobilizing both upper and lower limbs using
sandbags of appropriate weight. Projections are
made without filters, and the focal spot distance is
typically set at 70 cm. The tube current was fixed at
50 mA, the tube voltage ranged between 45 and 55
kV, and the exposure time was established at 0.10 s.
Aligning the centerline at three transverse fingers
below the sternoclavicular joint, it was further tilted
10~15° toward the foot's side to minimize overlap
between the lung field and the diaphragm (5. To
prevent the neonate's crying and restlessness from
affecting image quality, it's crucial to grasp
respiratory amplitude and crying patterns effectively.
The exposure button should be pressed after
observing the neonate's chest elevation during the
brief period of crying and breath change.
Additionally, attention should be paid to tilting the
ray towards the foot at a certain angle, elongating the
lung field to reduce the obscuring range of the
transverse septum. For critically ill neonates in
special conditions where turning is not feasible, a
lateral horizontal position may be adopted, placing
the IP plate on the affected side. The centerline is
ingested vertically in the horizontal direction on the
other side, with careful observation of respiratory
dynamics and capturing the relative instantaneous
exposure during inhalation.

Reducing radiation damage

Neonates face an elevated risk of potential
adverse effects from CXRs due to their small size and
proximity to radiosensitive tissues and organs. When
employing CXRs for neonatal pneumothorax
diagnosis, physicians should prioritize the use of the
lowest necessary X-ray radiation dose and
meticulously document it (26). Adhering to the
principles of small irradiation fields and employing
thick filters can enhance radiograph quality while
minimizing the radiation dose to the child @7. A
judicious and scientifically determined irradiation
field of view can mitigate unnecessary limb
irradiation and obviate the need for filters. Regular
maintenance of mechanical equipment, such as IP
boards, is essential to promptly eliminate potential
artifacts. Focused inspections of the optical system,
mechanical system, and information conversion
system, coupled with optimization of image quality
through computer image processing, can prevent
unnecessary harm from secondary radiation on
neonates. When feasible, the addition of appropriate
thickness of radiation filters, judicious adjustment of
irradiation dose, strict adherence to operating
procedures, and the use of shields to protect
sensitive areas such as the genitals and thyroid gland
of newborns collectively contribute to minimizing the
impact of radiation on neonates and obtaining
high-quality imaging images.

Safety, sensitivity and limitations of LUS and CXR in
NP diagnosis

Some studies indicate that LUS exhibits higher
sensitivity compared to conventional CXRs in
diagnosing pneumothorax (6 2831), This heightened
sensitivity may be attributed to X-rays' susceptibility
to lung and tissue overlap, leading to a substantial
discrepancy between values assessed on chest
orthopantomograms and actual values, posing a risk
of clinical misinformation. This risk is particularly
pronounced in critically ill patients with respiratory
compromise requiring mechanical ventilation.

A scarcity of literature exists on the value of
ultrasound and CXR in NP. Cizmeci et al. 32) observed
that the sensitivity of a positive CXR sign was below
50% in neonatal patients in the supine position, with
a leakage rate as high as 41% (29. Alrajab et al. (33)
conducted a comprehensive search on MEDLINE,
EMBASE, and the Cochrane Library, comparing
English  articles on ultrasound and chest
radiography's accuracy and validity for
pneumothorax diagnosis. Their analysis of current
literature concluded that LUS is more accurate than
CXR for pneumothorax detection. Results from a trial
by Lichtenstein et al. (3435 supported the superiority
of ultrasound over CXR in pneumothorax diagnosis,
albeit without complete differentiation between
adults and neonates. Chen et al (36 assessed 3405
neonates in an intensive care unit, determining that
LUS, with its advantages of radiation-free exposure
and non-invasive monitoring of treatment progress, is
clinically valuable for diagnosing lung disease in
preterm infants compared to CXR. A study in Guinea
suggested that in resource-limited settings, chest
radiography is more effective than CXR in critically ill
NP patients. In such cases, CXR may not be necessary,
but LUS proves helpful 37). A Chinese study provided
more conclusive results, asserting that LUS could
entirely replace CXR based on three years of clinical
practice (38). This could benefit from the dynamic
imaging feature of LUS. Unaffected by respiratory
movements, the ultrasound probe can effortlessly
detect even the smallest lung areas.

Additional studies indicate that LUS aligns with
the sensitivity of conventional CXR. Luigi et al 9
conducted LUS, CTR, and CXR on 23 patients with NP,
demonstrating that the accuracy of LUS in diagnosing
NP was at least as good as that of CXR, while CTR's
accuracy was lower. However, CXR possesses certain
diagnostic weaknesses, such as higher effective dose
to infants (40). Moreover, the infant's position and the
radiation beam's orientation may hinder the
detection of pathological lesions in specific lung
regions, like posterior dorsal, parasternal, or
paravertebral lung segments. Therefore, considering
comparable accuracy, we recommend opting for the
LUS approach for NP diagnosis and guided treatment
to minimize neonatal radiation exposure. A literature
review on the use of CXR for NP diagnosis, treatment,
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or grading revealed no precise mention of
precautions related to newborn radiation protection.
Standardized practices and radiation dose control
should be implemented in the diagnosis and
treatment of NP.

CONCLUSIONS

Both LUS and CXR possess distinct advantages
and disadvantages. They should be employed as
complementary diagnostic methods to furnish
accurate, timely, and reliable information. We
advocate for clinicians to acquire an in-depth
understanding of the strengths of each method to
mitigate radiation exposure in newborns.
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