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Abstract

Imaging tests such as Chest X-Ray (CXR) and Lung Ultrasound (LUS), and blood biomarkers like C-reactive protein and procal-
citonin have demonstrated its role for Bacterial Pneumonia (BP) diagnosis. However, the implementation of novel biomarkers
such as Lung Shear-Wave Elastography (LSWE) or the quantification of lung microvascularization ratio pattern by Superb Micro-
vascular Imaging (SMI) has not yet been assessed. These biomarkers combined with the already described LUS findings, could
be used to increase BP diagnosis accuracy, improving the sensitivity and specificity of its diagnosis. In this article, we describe
the use of these non-invasive novel imaging biomarkers for the diagnosis approach in a pediatric patient with severe BP.
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Introduction

Acute Lower Respiratory Tract Infections (ALRTI) are common
in the pediatric population worldwide and often lead to Pediat-
ric Intensive Care Units (PICU) admission. Among the different
entities included in ALRTI, pneumonia is a very important cause
of morbidity and mortality in children [1,2]. Generally, the most
common symptoms of this condition are fever, cough, tachy-
pnoea and respiratory distress, although in infants and young
children the symptoms may be non-specific and may only pres-
ent with weakness or feeding difficulties [3]. Pneumonia can be
caused by bacterial, viral or fungal infections. Discerning the
etiology of this condition is essential to decide the appropriate

antibiotic treatment, when necessary, and thus to reduce anti-
biotic overuse and antibiotic resistance development. The final
diagnosis is based on the combination of biochemical data, mi-
crobiological cultures, and imaging tests [4,5]. Those require in-
vasive techniques due to the neediness of blood and respiratory
samples extractions and provide ionizing radiation when using
CXR, which is particularly problematic in pediatrics. Regarding
imaging findings, BP typically presents as the presence of a lung
consolidation, a finding that do not differentiate this condition
from other different processes such as Viral Pneumonia (VP), at-
electasis, pulmonary contusions or thromboembolism [6]. CXR
might be considered the best diagnostic option in children and
many institutions still rely on this ionizing technique for BP diag-
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nosis. However, it shows low specificity regarding etiology diag-
nosis, it exposes patients to radiation and has limited diagnostic
accuracy [7,8]. The available evidence suggests that LUS is a reli-
able, valuable, and alternative method for the diagnosis of pedi-
atric pneumonia [8,9]. It can be performed at the patient’s bed-
side (point-of-care) and is radiation free [10,11]. Although LUS
is known for its higher sensitivity and specificity, and its ability
to provide evolutionary follow-up, it provides subjective and
non-quantitative data. Therefore, it may not always distinguish
between different lung consolidations (commonly found in BP)
or interstitial patterns (commonly found in VP) [5,7,12-16].

Our research group is working to incorporate new non-inva-
sive and quantitative diagnostic techniques for the diagnosis of
BP, such as LSWE and SMI. Shear-wave elastography measures
tissue elasticity. Assuming that soft tissues are more deform-
able than rigid tissues, lung elasticity values may differ depend-
ing on the different types of ALRTI [17,18]. This technique is
commonly used in adults, particularly for studying organs such
as the liver [19], breast [20], or thyroid [21]. However, its ap-
plication over the lung conditions is still very limited. SMl is a
recently developed ultrasound imaging technique that define
the microvascular pattern from specific tissues based on the
analysis of blood flow in very small diameter vessels, in order to
translate it into a microvascularization rate value [22,23]. Like
elasticity, non-invasive measurement of microvascularization
rate may provide a quantitative measure useful to distinguish
between different types of ALRTI. In this article we present case
report of a patient with severe BP in which SWE and SMI were
used as novel complementary diagnostic tools.

Case description

Afour-year-old male, previously feet and well, presented with
fever, weakness, vomiting and increased work of breathing. He
was admitted to the PICU and required tracheal intubation due
to progressive respiratory failure and associated hemodynamic
instability. The blood test showed a hemoglobin level of 11 g/
dL, platelet count of 404,000/uL, and white blood cell count of
4,700/uL. Additionally, the C-reactive protein level was 241.3
mg/dL and the procalcitonin level was 194.04 ng/dL. The lac-
tate value was 6 mmol/L and no coagulopathy was associated. A
blood culture was obtained and a CXR (Figure 1) was performed
at his admission, which revealed a right pleural effusion with no
other apparent associated findings. The LUS (Figures 2a and 2b)
showed severe hypoechogenic right basal consolidation with
multiple internal air bronchograms, pleural membrane rupture
and the associated pleural effusion. For further investigation of
the lung affection, lung SWE (Figure 3) and SMI measurement
(Figure 4) were performed, yielding an elastance of 6 KPa, and
a microvascularization ratio of 16.4%, respectively. Both mea-
surements were performed according to the approved lung
imaging acquisition protocol of our institution [17]. Based on
the analytical and ultrasound data, the measurement of an elas-
tance value similar to that of normal liver tissue and a scarce
microvascularization inside the consolidation, an infectious eti-
ology was suggested. A drainage tube was inserted and a pleu-
ral sample was taken. Antibiotic treatment with cefotaxime was
initiated after culture were taken. Additionally, a CT scan (Figure
5) was performed, revealing right necrotizing pneumonia with
an associated parapneumonic effusion. Analysis of the samples
revealed the presence of Staphylococcus aureus in both blood
and pleural fluid. Due to the necrotizing characteristics of pneu-
monia and the patient’s severity, the antibiotic regimen was
swapped to ceftaroline and clindamycin. Simultaneously, vaso-

active support was commenced with a continuous adrenaline
infusion pump. Twenty-four hours later, the patient presented
respiratory deterioration due to right pneumothorax develop-
ment. The patient exhibited persistent hypoxemia and hyper-
capnia despite conventional ventilation, so the decision was
made to change the ventilatory approach to High-Frequency
Oscillatory Ventilation (HFOV). However, there was no improve-
ment in the patient’s condition. Due to the worsening clinical
status, veno-venous Extracorporeal Membrane Oxygenation
(ECMO) was initiated. Following the initiation of the therapy,
the patient’s condition showed satisfactory progress and after
14 days of ECMO therapy it was determined that the patient
no longer required extracorporeal circulation support. Subse-
quently, mechanical ventilation support could be withdrawn as
the patient’s respiratory function improved.

R bl

Figure 1: Initial chest X-ray, which showed right pleural effusion.

Figure 2a: Hypoechogenic consolidation, hepatized appearance,
with air bronchogram within it.
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Figure 2b: Ultrasound section allowing visualization of lung
consolidation (left side) and liver tissue (right side).

Figure 3: Lung SWE measurement. The image on the left is the elas-
ticity map, which shows in red the areas of greatest rigidity and in
blue the soft areas. The image on the right is the wave propagation
map, which is a control image, to know if we are applying pressure
with the probe.

Figure 4: SMI measurement. A colored box is shown within which
a 15x10 mm ROl is selected for quantitative determination of its
perfusion ratio.

.

Figure 5: CT scan of the lung showing a large right basal necrotizing
right consolidation.

Discussion

Respiratory infectious disorders are common in paediatrics
and, especially BP, may be a frequent cause of life-threatening
situations, as in the case presented. The diagnostic approach
for BP is invasive, requiring analytical extractions and ionizing
radiation from commonly used imaging tests. The routine use
of LUS in most PICU has significantly improved non-invasive
diagnosis. However, there are still situations where LUS alone
cannot reliably determine the cause of certain lung consolida-
tions. Additionally, LUS provides subjective data that may be
influenced by inter-observer bias. Therefore, it is essential to
incorporate new non-invasive diagnostic techniques that offer
quantitative results, such as SWE or SMI [24-26]. If used sys-
tematically, these biomarkers could introduce a new paradigm
in the diagnosis and therapeutic approach of these patients. To
achieve this, it is necessary to determine the normal values of
these biomarkers in healthy lung tissue, with a view to eventu-
ally determining their values in tissues affected by BP. To this
end, the first step could be to determine the pathological value
of such biomarkers in confirmed BP cases by other tests such as
CT scans or microbiological cultures. This publication provides
an initial assessment of the pathological values of the biomark-
ersin lung tissue affected by BP. It is hypothesized that pneumo-
nia-affected tissue is poorly distensible with limited aeration,
resulting in high stiffness. Similarly, our hypothesis in relation
to the measurement of the microvascularization ratio with SMI
is that BP consolidations will have a lower microvascularization
ratio given the hepatization of the tissue, although the presence
of residual air within the tissue may make it difficult to measure
this biomarker. The description of this case aims to introduce
the presence of novel imaging diagnostic biomarkers that may
aid in pneumonia diagnosis, optimize the treatment, and re-
duce radiation exposure in patients. Controlled clinical trials in
the pediatric population are necessary to evaluate the potential
usefulness of these techniques.
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