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Abstract: The most common acute infection and leading cause of death in children worldwide is
pneumonia. Clinical and laboratory tests essentially diagnose community-acquired pneumonia
(CAP). CAP can be caused by bacteria, viruses, or atypical microorganisms. Imaging is usually
reserved for children who do not respond to treatment, need hospitalisation, or have hospital-
acquired pneumonia. This review discusses the imaging findings for acute CAP complications and
the diagnostic role of each imaging modality. Pleural effusion, empyema, necrotizing pneumonia,
abscess, pneumatocele, pleural fistulas, and paediatric acute respiratory distress syndrome (PARDS)
are acute CAP complications. When evaluating complicated CAP patients, chest radiography, lung
ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI) can be used,
with each having their own pros and cons. Imaging is usually not needed for CAP diagnosis, but it is
essential for complicated cases and follow-ups. Lung ultrasound can supplement chest radiography
(CR), which starts the diagnostic algorithm. Contrast-enhanced computed tomography (CECT) is
used for complex cases. Advances in MRI protocols make it a viable alternative for diagnosing CAP
and its complications.

Keywords: community-acquired pneumonia; complicated pneumonia; pediatrics; ultrasound;
computed tomography; magnetic resonance imaging

1. Introduction

Pneumonia is one of the most common acute infections and the single most frequent
cause of death in children worldwide, accounting for 14% of all deaths in children under
5 years of age [1,2]. Pneumonia killed 740,180 children under the age of 5 in 2019, account-
ing for 14% of all deaths of children under 5 years old but 22% of all deaths in children
aged 1-5 years [2].

Community-acquired pneumonia (CAP) manifests as pneumonia symptoms, such as
coughing, shortness of breath, and fever, in a previously healthy child due to an infection
contracted outside of a hospital setting [3-5]. Laboratory findings useful for diagnosing
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CAP include the increase in erythrocyte sedimentation rate, white blood cell count, and
C-reactive protein [6]. These markers are useful for monitoring treatment response [6].

The underlying causes can be bacterial, viral, or atypical (mycoplasma and chlamydia
species). A significant proportion of severe pneumonia cases (up to 34%) result from mixed
infections involving both viral and bacterial agents [7,8]. Although pneumonia’s causes
include fungi and parasites, these are not common in the setting of CAP. Etiology can be
presumed based on the patient’s age; children below 5 years have more frequent viral
infections, while older children suffer from bacterial infections [3,4].

The predominant pathogens associated with CAP include the following: Streptococcus
pneumoniae is the main etiological agent responsible for bacterial pneumonia in children.
Haemophilus influenzae type b (Hib) is the second most prevalent etiological agent causing
bacterial pneumonia. Respiratory syncytial virus is the predominant viral aetiology of
pneumonia. Pneumocystis jiroveci is a prevalent cause of pneumonia among HIV-infected
neonates, accounting for a minimum of 25% of pneumonia-related fatalities in this popu-
lation [2]. Other bacterial pathogens appear to be less frequent causes of CAP. Group A
streptococcal infection is important in terms of severity as, when present, it is more likely to
progress to paediatric ICU admission or empyema [4]. Overall, viruses appear to account
for 30-67% of CAP cases in childhood [9]. Mycoplasma is an etiological agent that is not
unusual in ages 1-5 years old [4].

The diagnosis of CAP is based on clinical and laboratory findings, whereas imaging is
not required in an immunocompetent child with uncomplicated CAP that does not need
hospitalisation, since it will not change the management and outcome [3,4,10].

Imaging is mandatory when there is no response to outpatient treatment, in cases of
hospital admission and in hospital-acquired pneumonia [10].

The potential acute complications of CAP can be pulmonary (pleural effusion,
empyema, necrotizing pneumonia, lung abscess, bronchopleural fistula, pneumothorax,
and acute respiratory failure), focal extrapulmonary (due to septicaemia and metastatic
infection), and systemic (systemic inflammatory response syndrome or hemolytic uremic
syndrome) [3].

When evaluating complicated CAP patients, chest radiography (CR), lung ultrasonog-
raphy (LUS), computed tomography (CT), and magnetic resonance imaging (MRI) can be
used, with each having their own pros and cons (Table 1). Imaging is usually not needed
for CAP diagnosis, but it is essential for complicated cases and follow-ups.

Table 1. Imaging modalities” pros and cons.

Modality Pros Cons
Widel ilable, ick .- . .
CR 1dely avariable, very quic Radiation exposure, prone to misinterpretation
examination
LUS Widely available, no ionizing radiation, User-dependent and time-consuming examination, findings are
point-of-care examination dependent on the location
Widely available, quick examination;
CT excellent spatial resolution for chest Radiation exposure, patient cooperation needed
examinations, with high sensitivity
. Not widely available, patient cooperation needed, time-consuming
Excellent soft tissue contrast, no Lo .
MRI examination, newer techniques and software needed for lung

ionizing radiation

examinations to improve spatial and temporal resolution

The scope of this review is to present the imaging findings regarding the potential
acute complications of CAP and to describe the role of each imaging modality.
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2. Imaging Modalities
2.1. Chest Radiography

Chest radiography (CR) is the most frequently performed imaging modality, which
clinicians are more familiar with, for interpreting pathological CAP findings. For a proper
assessment, several parameters should be considered, such as the technical parameters of
the examination (kV and mAs), projection (AP versus PA), the rotation of the child, and
the degree of inspiration. Although radiation exposure in CR is low, proper consideration
should be given in order not to overexpose the child. Thus, the use of lateral CR views is
usually avoided in the pediatric population for radiation safety, although the Paediatric
Infectious Diseases Society and the Infectious Diseases Society of America recommend
the use of both projections in their guidelines [3,11,12]. Special consideration should be
given to hidden areas by other anatomical structures, such as the heart, the mediastinum,
and the diaphragm [12]. Great variations in intra- and interobserver agreement between
radiologists in CR interpretation are a limitation when using this modality [11]. Systematic
reviews have calculated that the pooled sensitivity and specificity for pediatric pneumonia
diagnosed by CXR can be up to 0.91 (95% CI: 0.90 to 0.93), 1.00 (95% CI: 0.99 to 1.00), and
the pooled sensitivity and specificity for children with pneumonia diagnosed by LUS were
0.95 (95% CI: 0.94 to 0.96), 0.90 (95% CI: 0.87 to 0.92), respectively [13].

2.2. Lung Ultrasound

Lung ultrasound (LUS) is a bedside modality that can be used when assessing a child
with CAP. As a widely available, non-ionising, and low-cost technique, LUS is especially
useful when assessing bed-ridden patients in the point-of-care ultrasound (POCUS) setting.
This is a real-time examination where the examined child does not need to be sedated,
allowing for a full examination of the chest. It is the best technique to evaluate the amount
and characteristics of pleural effusion and the mobility of the diaphragm [14]. Rough
estimates of the relative position of intrapulmonary lesions can also be obtained. LUS can
detect small multifocal consolidations adherent to the subpleural surface [15,16]. Its main
disadvantages include the reliance on operator skills for accurate results, the potential
for time-intensive procedures (taking up to 20 min per examination), and the presence
of hidden areas, like the subscapular or central lung regions, where a comprehensive
assessment of parenchyma may not be achievable. Moreover, lesions that are not in
touch with the pleura might be missed at the LUS examination [17-20]. If LUS is used
to assess for CAP complications in the lung parenchyma, such as necrotizing areas or
lung abscesses, Colour-Doppler (CD) and/or contrast-enhanced ultrasonography (CEUS)
may be used [21,22]. Systematic reviews comparing CR and LUS suggest the excellent
diagnostic accuracy of the latter, and that LUS is more suitable than CR for detecting pleural
effusion, with LUS being able to detect effusions as small as 10 mL, whereas chest X-rays
only identify larger effusions (200 mL) [23,24].

2.3. Computed Tomography

Computed tomography (CT) is considered the gold-standard technique in terms of
sensitivity in detecting CAP and its acute complications, but its use is limited due to the
high radiation doses that are needed compared to CR. In the paediatric population, growth
refers to an increase in cell proliferation, resulting in a greater number of cells undergoing
mitosis and displaying heightened sensitivity to radiation. This is exacerbated by the
fact that in children have a higher percentage of red bone marrow compared to adults,
making them three times more radiation-sensitive compared to adults [25]. Advancements
in technology, such as a new generation of scanners and the implementation of iterative
reconstruction techniques, have made it possible to greatly decrease the radiation exposure
during medical examinations. Achievable doses, measured in dose length products (DLPs),
can now be as low as 7.66 mGy-cm per examination [26].

Previous generation scanners (the first generation and some of the second generation)
required sedation in children younger than 4 years of age. However, third-generation
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scanners have overcome this problem, enabling high-speed scans with full acquisition
of the thorax in less than a second without anaesthesia [27]. This technique is achieved
using a dual-source scan with a maximum rotation time and a minimum pitch > 1.5.
The use of an intravenous (IV) iodine contrast is mandatory when assessing for acute
complications of CAP, such as pleural empyema and parenchymal necrosis. The examina-
tion protocol includes a single-phase scan directly after the IV contrast injection, without a
non-contrast scan. In these complex clinical situations, contrast-enhanced CT enables image-
guided intervention and serves as a pre-operative examination prior to video-assisted thora-
coscopy (VATS) or in instances of diagnostic uncertainty (to rule out concurrent malignancy)
(Figure 1). CT is suitable when the diagnosis of an abscess or necrotizing pneumonia cannot
be confirmed with CR and LUS, in cases of extensive cavitation or loculated empyema, and
to exclude the presence of a bronchopleural fistula. In cases where pleural involvement has
to be assessed, the timing of the acquisition after intravenous contrast injection should be
longer for the better enhancement of pleural folds. Lastly, CT is the technique of choice in
children with recurrent pneumonia to determine the cause of recurrent infections, such as
aspirated foreign bodies or possible congenital lung abnormalities [10,27-29].

Figure 1. Imaging studies of a 14-year-old girl with respiratory distress, fever, and biopsy-proved
non-Hodgkin Lymphoma. (A) Chest radiograph shows complete opacification of left hemithorax
with mediastinal shift and some right lung opacities with pleural effusion. (B) LUS shows small
left-sided pleural effusion (arrowhead) surrounding a lung mass (*) with multiple fluid-filled cavities.
(C) Axial contrast-enhanced CT scan shows an inhomogeneously enhancing left lung mass with
multiple necrotic areas, thoracic wall infiltration, bilateral pleural effusions, and enlarged mediastinal
lymph nodes.

2.4. Magnetic Resonance Imaging

Magnetic Resonance Imaging (MRI) is a radiation-free technique that provides excel-
lent soft-tissue contrast and anatomical detail. Still, it comes at a higher cost per examination
and is less available in low-income countries. MRI is usually a more time-consuming ex-
amination than CT, with an increased need for sedation in children younger than 5 years.
However, the recently reported use of real-time MRI for imaging pneumonia is just as
fast as a CT scan, and it no longer requires sedation. Movement and breathing by the
child do not cause artefacts either [30]. To date, this technique has only been available in
research settings and is limited to a single MRI brand [31]. Spatial resolution of MRI is
usually lower than CT, but new sequences, like ultra-short and zero echo time sequences,
allow isotropic voxel sizes of around 1 mm [32]. In cooperative children, MRI has some
advantages over CT. Firstly, MRI does not require the use of contrast to identify necrotic
lung tissue from abscesses, which can be detected on T2-weighted images as hyperintense
lung regions [33]. Secondly, MRI allows for the detection of septation on complex pleural
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effusions and empyema, which cannot be seen on CT. This allows for relevant informa-
tion to be obtained in a single examination instead of using both LUS and CT. Finally,
MRI can be repeated at the end of treatment as a follow-up technique to assess residual
abnormalities and the effect of treatment. In the study of Konietzke et al., MRI showed
similar results to CT in assessing necrotizing pneumonia and pulmonary abscess when
both CR and LUS were inconclusive [34]. Contraindications to MRI may include unstable
patients, claustrophobia, metallic implants, or a lack of cooperation [27,34-37]. The basic
MRI protocol for lung examinations consists of T1- and T2-weighted sequences in at least
two planes, diffusion-weighted (DWI) images, and post-contrast T1 weighted images with
fat saturation.

2.4.1. Pleural Effusion—Empyema

A pleural effusion is formed when there is an imbalance between hydrostatic and on-
cotic pressure between the systemic and pulmonary circulations and the pleural space [38].
Additionally, the obstruction of lymphatic drainage by thick pleural fluid and debris further
contributes to the accumulation of the effusion [6,39,40]. Parapneumonic effusion is a pleu-
ral effusion associated with an ipsilateral lung infection and can be simple or complicated
(in the presence of infecting organisms). An empyema is a thick, purulent pleural effusion,
which can be either free or loculated [41]. The progression of pleural effusion to empyema
occurs in three stages: (a) the exudative stage, which is a simple parapneumonic effusion;
(b) the fibrinopurulent stage, which is a complicated parapneumonic effusion; and (c) the
organising phase, in which fibroblastic activity and peel formation occur. The distinction
between transudate, exudate, and empyema is also based on chemical analysis. If a child is
pyrexial or sick 48-72 h after beginning antibiotics, empyema may be present. Pneumonia
and pleural effusion cause dullness to percussion and diminished breath sounds on physi-
cal examination. Consolidation increases fremitus. Detecting fremitus in children may be
less helpful than detecting fremitus in adults due to age, size, and cooperation. Pleural
effusion does not cause bronchial breathing [6].

In CR, pleural effusion may have different appearances, such as blunting of the
costophrenic angle or the meniscus sign when free fluid is present (Figure 1). A medial con-
vex border to the lung parenchyma indicates a loculated effusion. Complete opacification
of the ipsilateral hemithorax is present in large effusions where the underlying parenchyma
is obscured. An ipsilateral concave scoliosis and contralateral mediastinal shift may be
common associated findings, and further imaging is required to investigate the condition
of the underlying lung and pleura (Figure 2).

LUS can provide information regarding the volume of the effusion (as small as
10 mL), the presence of fibrinous septations, and the echogenicity grade of the pleural
fluid (Figure 3) [21]. LUS can be used to differentiate pleural effusions from consolidated
lung and peripheral lung abscesses from empyema. In the appropriate clinical setting,
the pulmonologist or thoracic surgeon may decide whether to perform thoracocentesis
and put on a chest tube, fibrinolysis, or VATS based on the appearance and volume of the
pleural effusion. The indication for performing thoracentesis arises when a pleural effusion,
which may vary in volume, shows resistance to IV antibiotic treatment or when the patient
continues to experience symptoms [42,43]. A few formulae can be used to calculate pleural
effusion volume in adults; however, none of them are truly adapted to children. LUS also
provides guidance for the insertion of draining catheters. Intravenous CEUS may be useful
to better outline pleural effusions, whereas intracavitary contrast is helpful in determining
catheter localization and patency, or the presence of loculation [20,44—47].

Contrast-enhanced CT can demonstrate the location and volume of the effusion,
although it might not show existing septations. The enhancement of thickened parietal
pleura is usually depicted in this setting, although its absence does not exclude an infected
effusion (Figure 4) [41].

Regarding MRI, simple effusions show crescentic distribution and low signal on
T1-weighted sequences, high signal on T2-weighted sequences, and no contrast enhance-
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ment. Empyema shows a loculated effusion with thickened, enhancing pleura, septa-
tions, and heterogeneous contents on T1-weighted and T2-weighted images due to debris
(Figure 5). The use of DWI can help in differentiating between simple effusion and
empyema, as the latter shows restricted diffusivity [27,48]. In a recent study, the use
of intravenous contrast was equivocal as it provided no added value regarding the dif-
ferentiation of pleural effusion and empyema, since all empyemas showed septations on
T2-weighted sequences [34]. Differentiating fibrinous from non-fibrinous complex pleural
effusions is one area where MR spectroscopy may be useful in everyday clinical practice,
while its practicality is still debatable [49].

Figure 2. Pleural effusions on chest radiographs: (A) meniscus sign (arrows); (B) loculated effusion
with convex borders (*) towards the spine.

Figure 3. Ultrasonographic appearances of pleural effusions between cursors: (A) simple (anechoic),
amenable for drainage under the appropriate clinical setting; (B) complicated, with internal septae
(arrow). Also, note confluent B-lines (arrowheads).
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Figure 4. A 5.5-year-old boy with complicated pneumonia underwent a CT scan because of a
differential diagnostic issue between empyema and lung abscesses on CR and LUS. Axial chest
contrast-enhanced CT scan with soft-tissue window (A) and lung window (B) depicts a large multi-
loculated empyema (arrow), collapsed lung parenchyma with cavitary necrosis (arrowhead), and
loculated pneumothorax (stars). Further, optimal treatment was drainage of the empyema based
upon the chest CT findings.

Figure 5. Complicated pneumonia following heart surgery. (A) Chest radiograph demonstrates the
blunting of right pleurodiaphragmatic angle and a possible subpulmonary pleural effusion. (B) Axial
MRI, T2-weighted sequence. Note the clear depiction of a pleural effusion with septations (arrow).

2.4.2. Acute Lung Parenchyma Complications

Three significant acute complications of severe pneumonia result from the extensive
destruction and liquefaction of lung tissue caused by vascular thrombosis: necrotizing
pneumonia, cavitary necrosis, and the formation of lung abscesses [6].

2.4.3. Necrotizing Pneumonia

Children with necrotizing pneumonia exhibit symptoms such as fever, cough, and
tachypnoea that last for many days. Hypoxia, moderate anaemia, and hypoalbuminaemia
are frequent symptoms, with pleural effusion commonly visible upon physical
examination [6].
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CR is not useful in the early stage of necrotizing pneumonia, as it is unable to depict
liquefaction of the lung parenchyma. Cavitary necrosis typically exhibits the presence of
air-filled cavities or air-fluid levels, which may require additional distinction from lung
abscess or loculated empyema (Figure 6) [6,41].

Figure 6. Necrotizing pneumonia in an 8-year-old boy. Chest radiograph shows opacification of the
right hemithorax with ipsilateral concave scoliosis and multiple cavities (arrows) with air—fluid levels
of variable size.

Necrosis is seen on LUS as ill-defined areas of low echogenicity and diminished vas-
cularity (Figure 7). Attention needs to be paid to the differentiation between echogenic
effusions and echogenic lung parenchyma due to pneumonia (Figure 8). When positioned
in the peripheral lung, LUS demonstrates comparable accuracy to CT in identifying pneu-
monia sequelae, such as pleural effusion, necrosis, and abscesses of lung parenchyma.
However, the LUS sensitivity is lower than that of CT for centrally located abnormalities.
The presence of fluid and static air bronchograms within a consolidated region may indi-
cate the early onset of parenchymal complications [50]. The role of intravenous CEUS in
complicated pneumonia remains a subject of controversy. While some researchers have
reported on its accurate identification of necrotizing pneumonia and the precise delin-
eation of its extent, contrasting findings have emerged from other authors, who found
that no significant additional information was garnered in comparison to the utilisation of
Colour-Doppler [20,22,45,46,51].
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Figure 7. (A) LUS shows a consolidated lung with multiple hypoechoic areas (arrowheads) consistent
with necrotising pneumonia in a 5.5-year-old boy. Pleural effusion is also present. (B) Necrotizing
pneumonia in a 7-year-old girl; there is extensive consolidation containing hypoechoic areas with an
ill-defined wall (arrow) consistent with necrosis.

hepatization of lung with

t ’ parenchymal necrosis

Figure 8. Complicated pneumonia in a 1-year-old boy. (A) Chest radiograph shows opacifica-
tion of the right hemithorax with areas of consolidation and collapse. (B) Lung US shows an
echogenic pleural effusion, making it difficult to distinguish from adjacent echogenic and necrotic
lung parenchyma (C). Post-contrast CT scan images depict a large effusion, a loculated air—fluid
level in the pleural space (thick arrow), and adjacent collapsed-consolidated lung parenchyma with
necrotic areas (arrowhead).

Upon contrast-enhanced CT (CECT), necrotizing pneumonia is characterised by the
presence of several patchy or widespread areas of diminished or absent enhancement,
indicating liquefaction of the lung tissue (Figure 8). Cavitary necrosis is distinguished
by the absence of a normal lung tissue structure, which is either diminished or lacking
enhancement, and the appearance of many thin-walled cavities filled with either fluid or
air. These cavities lack an enhancing border (Figure 9).

Pulmonary necrosis on MRI is represented by areas of increased signal intensity
on T2-weighed sequences, while cavitary necrosis is represented by fluid-filled and air-
filled areas within a consolidation that do not enhance after the injection of contrast
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(Figure 10). Contrast-enhanced MRI shows a similar CECT pattern to identify necrotic
lung parenchyma.

Figure 9. Development of necrotic and cavitary pneumonia in a 7-year-old girl. (A) There is a left
basal consolidation with a central hypo-enhancing area, consistent with early necrosis. (B) Follow-up
CT scan shows extensive areas of non-enhancement, consistent with extensive necrotic pneumonia.
(C,D) Follow-up post-contrast scan, soft tissue, and lung window demonstrate cavitary necrosis
containing multiple air—fluid levels.

Figure 10. A 6-year-old boy, referred to MRI for exclusion of a lung abscess. (A) T2-weighted sequence
shows a right lower lobe consolidation with a single air-fluid cavity (area with high and very low
signal intensity), without a clearly depicted wall (area of isointensity surrounding the cavity) and
an adjacent small pleural effusion (crescent-shaped line of high signal intensity). (B) Post-contrast
T1-weighted sequence shows contrast enhancement by the adjacent consolidated lung parenchyma,
consistent with the presence of cavitary necrosis.
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2.4.4. Abscess

Children with lung abscesses often have an extended cough and mild fever, with
less common symptoms including chest discomfort, dyspnoea, sputum production, and
hemoptysis. A chest exam may show normal or symptoms of consolidation [6].

A lung abscess is a single cavity with a thick wall and purulent content resulting
from suppuration and necrosis of the parenchyma. After the initial stage, the abscess
can be partially or even completely air-filled. This is an uncommon complication in
immunocompetent children with CAP but, when present, it may be associated with a pre-
existing pulmonary cavity, such as cystic pulmonary adenomatoid malformations (CPAM).
Severe forms of necrotizing pneumonia have also been associated with Staphylococcus
aureus strains expressing the Panton—Valentine leukocidin cytotoxic agent [6,52]. A lung
abscess on CR appears as a round or oval-shaped area that is denser than the surrounding
lung parenchyma. The edges of the abscess might be irregular or ill-defined, and there
may be air—fluid levels inside, indicating the presence of gas and fluid. On LUS, a lung
abscess typically appears as a hypoechoic area within the lung tissue with irregular borders.
Surrounding the hypoechoic area, there might be a hyperechoic rim, which corresponds
to the inflamed tissue. On CECT, this appears as a hypodense cavity surrounded by a
well-defined enhancing wall without central enhancement and a variable proportion of air
and/or fluid content (Figure 11). On MRI, a rounded, T2-hyperintense area surrounded by
a hypointense wall can be seen, which is usually thick and irregular and may contain an
air—fluid level or be completely air-filled (Figures 12 and 13 and Supplementary Material).
A characteristic, restricted diffusion can be seen in DWI sequences, with peripheral wall
enhancement after the injection of intravenous contrast [27,34,48,53-55].

2.4.5. Pneumatocele

A pneumatocele is a thin-walled intraparenchymal cystic structure that is filled with
air (or little-to-no fluid content) and is formed by a valve-type mechanism that allows
for the one-way passage of air into the interstitial space. Pneumatocele are often the
results of severe infections, trauma, and mechanical ventilation. Pneumatocele appear as
bubble-like structures on imaging studies like X-rays or CT scans [56]. Pneumatocele are
difficult to identify on LUS because they are usually filled with air and therefore have an
anechoic appearance.

2.4.6. Pleural Fistulas

A pleural fistula can form during severe pneumonia as a result of the erosion or
perforation of lung tissue that connects the bronchi to the pleural space. Pleural fistula is
a serious and potentially life-threatening complication in severe pneumonia, leading to
respiratory distress, sepsis, and pneumothorax. The diagnosis of bronchopleural fistula is
usually definite on CT when a direct communication between the lung parenchyma and
the pleural space is identified. It is also suspected when there is a persistent air leak in the
pleural space for more than 24 h (Figure 14) or when pneumothorax recurs following the
removal of the drains [57]. CECT is the optimal technique for diagnosing a pleural fistula
due to its high resolution, which enables the identification of direct connections between
small peripheral bronchi and the pleural space [58].

2.4.7. Pediatric Acute Respiratory Distress Syndrome (PARDS)

PARDS is defined as the occurrence of signs and symptoms of pulmonary oedema
that are not fully explained by cardiac failure or fluid overload within 7 days of a clinical
insult [59]. Various epidemiological factors and etologies play a significant role in the
development of PARDS. The most common PARDS risk factors include pneumonia or lower
respiratory tract infections [60]. One of the clinical and laboratory criteria used to diagnose
PARDS is the detection of bilateral lung infiltrates on chest radiography (Figure 15) [59].
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Figure 11. Lung abscess complicated CAP in a 12-year-old girl: (A) chest radiograph shows a cavity
with an air—fluid level; (B) contrast-enhanced CT scan demonstrates a cavity with a thick enhancing

wall (arrow) containing an air—fluid level, favoring the diagnosis of an abscess.

Figure 12. A 17-year-old girl with a pulmonary abscess following septic embolism. Lung MRI, in
an axial T2-weighted image, shows areas of high signal intensity consistent with subpleural septic
emboli (arrow) and pleural effusion (very high-signal-intensity area dorsally, mostly on the left side).
Note the abscess at the left lung base, exhibiting a low signal and relatively thick wall, and containing

an air—fluid level (arrowhead).
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Figure 13. Real-time MRI sequence in the coronal plane in a 1-year-old girl with left upper-lobe
pneumonia. Selected images from the free-breathing scan, which took 16 s to acquire and reconstruct
(Supplementary Materials section). Within the isointense pulmonary infiltrate, there are areas of
bright signal intensity (arrow) and a round area of very low (almost black) signal intensity, suggestive
of air inclusions (arrowhead), with an appearance consistent with cavitary necrosis.

Figure 14. A 4-year-old girl with complicated pneumonia and a surgically confirmed broncho-pleural
fistula. CT scan and coronal reconstruction show right loculated pneumothorax and collapsed lung
parenchyma, and suggest the fistula to be an indentation (arrow) at the visceral pleura adjacent to
a pneumatocele.
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Figure 15. A 15-year-old boy with PARDS. (A) Chest radiography shows bilateral, diffuse lower lung
opacities, and pleural effusions. (B) CECT shows bilateral ground-glass and alveolar opacities, and
interlobular septal thickening with concomitant pleural effusions (arrows).

3. Conclusions

Imaging is usually not needed for the initial diagnosis of CAP; however, it becomes
crucial for identifying acute complications and for follow-up assessments. The diagnostic
algorithm always starts with CR which can be supplemented with LUS, particularly to con-
firm the presence of pleural effusion and empyema. In cases without severe complications,
the combined findings from these two techniques are sufficient for patient management.

CECT scanning is reserved for more complicated cases, enabling the assessment
of severe parenchymal abnormalities, such as necrotizing pneumonia, cavitary lesions,
abscesses, and pleural fistulas, or when surgical intervention is being considered. In skilled
hands, LUS can offer valuable insights into complicated pneumonias, potentially obviating
the need for more advanced diagnostic modalities like CT. Finally, emerging advancements
in MRI protocols, such as real-time MRI and ultra-short and zero echo time sequences, as
presented above, have positioned MRI as a viable alternative for the diagnosis of CAP and
its complications, particularly in centres equipped with specialized expertise and resources.
A suggested imaging algorithm, according to clinical indications, can be found in Table 2.

Table 2. Suggested imaging algorithm according to clinical indication.

Complicated CAP Uncomplicated CAP
Pleural Necrotising Pleural
Effusion Empyema Pneumonia Abscess Pneumatocele .o PARDS
Us: US/CT: US/CT: US/CT: CT: CT: CR: . ..
usually usually usually usually usually usually usually Ee%ég;eaémg 18
appropriate  appropriate appropriate appropriate  appropriate appropriate appropriate y
CR/CT: MRI: MRI: MRI: CR: US/CT:
may be may be may be may be may be may be
appropriate  appropriate appropriate appropriate  appropriate appropriate
MRI: CR: CR: CR: US/MRI: CR/US/MRI:
usually not  usuallynot  usually not usually not  usually not usually not
appropriate  appropriate  appropriate appropriate  appropriate appropriate
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/children11010122/s1, Video S1: Real-time MRI sequence in the
coronal plane in a 1-year-old girl with left upper lobe pneumonia with an acquisition time of 16 s.
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