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Abstract

Introduction: Lung ultrasound (LUS) is a first-line imaging tool to diagnose

community-acquired pneumonia in children. It is non-invasive, bedside and low-
cost, it doesn’t expose to ionizing radiation. Furthermore, it is repeatable, useful for
follow-up. Despite the large literature in the paediatric field on the role of LUS for
the diagnosis of pneumonia, there are no studies concerning its utilization in the
diagnosis and follow-up of pulmonary infection in children with cancer.

The goal of this study is to explore the use of LUS for the diagnosis of lung
involvement during fever in childhood cancer patients.

Material: This is a retrospective and prospective observational study performed at
the Unit of Paediatric Haematology and Oncology in Catania over 19 months. All
paediatric oncological patients with fever at least from 48 hours and increased level
of C-reactive protein (CRP) were considered infected patients and underwent LUS.

Results: We collected 59 infected paediatric oncological patients. Our record
showed that in 56% of febrile patients, there was lung involvement; In 15 (45,5%)
patients out of 33 affected by lung infection, if LUS had not been performed,
pneumonia would not have been diagnosed.

LUS sensitivity, specificity, and accuracy for detecting pneumonia were 0.95, 1, 0.98,
higher than CRX sensitivity, specificity and accuracy.

Our data reported a significant correlation between respiratory symptoms,
extrapulmonary symptoms, the duration of fever and pneumonia. There was also a
significant correlation between CRP level, positive blood culture and pneumonia.

Conclusion: The goal of this study was to describe, for the first time, the high
sensitivity and specificity of LUS in paediatric cancer patients, providing a new tool
useful for the screening of pneumonia in febrile cancer patients that could help to
prevent the worsening of infections and improve prognosis through early therapy.
Furthermore, it will allow for precision medicine by enabling personalized diagnostic
tests and specific therapeutic treatments related to the diagnosis.



Introduction

Diagnosis of pneumonia in children

Respiratory infections have a significant prevalence in children and
pneumonia is the main cause of hospitalization and one of the most
important causes of morbidity and mortality in childhood: around 150
million of children 5 years old or younger are affected by pneumonia
annually (1). The mortality rate is reported to be between 1,3-2,6% (2, 3).

Signs and symptoms of pneumonia in children are usually nonspecific and
variable. Clinical features are related to the type of pathogen, the age of
the patient, the presence of comorbidity and the severity of the infection.

Clinical evaluation, combined with blood exams (C-reactive protein level
and leucocyte count) is sufficient to diagnose pneumonia in mild cases(4).

Chest computed tomography is the gold standard for the diagnosis of
pneumonia, however its use is limited due to the high dose of radiation
exposure, cost and the feasibility in children who usually require sedation,
transfer in radiology department and oxygen support during the
transfer(5).

Chest radiography (CXR) is routinely used to detect lung consolidation in
children with clinical features compatible with pneumonia, especially in
moderate and severe forms. However, it has some limitations: exposure
to ionizing radiation, variability in the imaging interpretation, difficult
detecting retro-cardiac and right-basal lung consolidations (6).
Additionally, subcentimetric thickenings are usually not visible at CXR. For
these reasons, lung ultrasound is increasingly used in paediatric and
emergency departments to evaluate the lungs.



Pneumonia in cancer patients

The incidence of pneumonia in cancer patients varies from 17 to 24% and
clinical response to specific treatment ranges from 60 to 65%, with an
infection-related mortality of 38% (7-9).

Febrile neutropenia is one of the most frequent complications in cancer
patients and, sometimes, if not promptly treated, has an unfavourable
prognosis with possible progression to septic shock, acute organ
dysfunction, disseminated intravascular coagulation and eventually
death; pneumonia accounts for as much as 50% of septic shock cases in
cancer patients (7-10).

However, CXR, especially during neutropenia, has low sensitivity in the
initial phase of infection, particularly if performed in a single projection
(11-12) and is unable to make differentiate diagnosis between bacterial,
viral or mycotic pneumonia. The literature has established the
inconsistent role of CXR in diagnosing of lung infection in neutropenic
patients, probably due to the low number of neutrophils involved in the
production of the inflammatory response (10).

For this reason, when fungal pneumonia is suspected (Candida or
Aspergillum) patients undergo chest CT scan, which has higher specificity.

On the other hand, chest CT scan is complicated by organizational
difficulties and greater exposure to ionizing radiation, especially in cancer
patients who are already exposed to multiple radiological examinations
(13); it is used if a fungal aetiology (Candida or Aspergillum) is suspected
or in cases of severe lung infections.

Given the challenges, new techniques for accurate and rapid diagnosis of
pneumonia, especially in cancer patients where CXR has lower sensibility
during neutropenia, are needed.



Lung ultrasound (LUS) has been proposed as an alternative first-line
imaging modality to diagnose community-acquired pneumonia in
children, with promising results (11). There is evidence that LUS may have
greater sensitivity, similar specificity and better inter-operator reliability
in the diagnosis of pneumonia compared to CXR (12, 14, 15). Moreover,
LUS is radiation-free and can be performed at the bedside with better
feasibility and efficacy than CXR. It also appears to be more sensitive than
CXR in identifying sub-centimetre consolidations with air bronchograms
often not evident on CXR (15). However, hilar, retroscapolar and
sopraclavear pneumonias are less visible on LUS compared to CXR.

Principles of sonography and the origin of Lung ultrasound

Ultrasound is a method based on the use of acoustic waves belong to the
ultrasound spectrum. It is an acoustic wave characterized by a frequency
equal to or greater than 20,000 Hz. Special transducers (crystals with
piezoelectric capabilities), in contact with the skin, emit and receive
acoustic frequencies from the tissues and produce ultrasound images.

Structure with more density, such as bone, air, calcifications, have a high
percentage of reflection, are hyper-echoic, and the evaluation of the
underlying structures is not possible, generating the rear acoustic
shadow. On the other hand, when the ultrasound passes through
acoustically permeable structures such as liquids (cysts, bladder, vessels,
pleural and pericardial effusions) the images are hypo-anechoic.

The depth of the structures to be examined will therefore require the use
of transducers with different frequencies: (16)

- the convex probe (Fig. 1) uses frequencies between 3.5-5 MHz, it is
a medium frequency probe that emits a divergent ultrasound beam,
providing a trapezoidal image, useful for studying structures and



tissues in depth, such as abdominal organs. It is also useful for
studying the abdomen and thorax, limited to FAST sequences.

- the linear probe (Figure 1) uses frequencies between 7.5-18 MHz. It
is a high-frequency probe with high resolution and low penetration.
It is used for the study of organs and superficial structures: it is the
gold standard for the study of the neck, chest, especially in
childhood, testicles and of the kidney, limited to the neonatal
period.

- the sector probe uses frequencies between 2-3.5 MHz. It is a low-
frequency probe and therefore has low resolution but high
penetration. It is used for echocardiography in children.
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For the lung ultrasound, a convex probe and a linear probe are generally
used with frequencies between 5 and 7.5 MHz and the Doppler method is

Fig. 1

not essential. The convex probe, with its low frequency (from 1 to 5 MHz),
allows deep tissue penetration, but the image resolution is limited. The
linear probe has a high frequency (7-12 MHz), with poor penetration
capacity but allows observation of surface structures with high resolution.
Linear probes are therefore ideal for studying the chest wall and pleura in
children, especially of toddler, because it is not necessary to reach
excessive depths.

The first publication regarding LUS was in 1960, discussing its use for the
detecting of pleural effusions. (17) In the 1970s and 1980s, LUS was used
for the detecting of solid intra-thoracic lesions. (18) Real chest scans that



showed the movement of the pleural plane, mainly artefactual (i.e. an
acoustic reflex), was defined as pleural sliding about 25 years ago (19).

In 1986 Rantanen showed the absence of pleural sliding in horses
pneumothorax, confirmed by Wernecke (20-21).

In 1997, Lichtenstein observed that lung parenchyma affected by
interstitial pathology is characterized by the presence of peculiar
artefactual images called initially comet tails and then B lines (22).

Since 2013, the literature has been greatly enriched by publications about
the use of ultrasound for diagnosing pneumonia in children (23).

Many studies have shown that LUS has good specificity and sensitivity for
detecting of pneumonia in adults and in children compared to CXR (5, 24-
26).

The use of LUS has increased as it offers numerous advantages: it is a
non-invasive and low-cost diagnostic tool, can be performed at the
patient's bedside ("Bed Side"), does not require sedation, and does not
expose to ionizing radiation. Furthermore, it is repeatable, useful for
follow-up, it has excellent image resolution and easy execution thanks to
the availability of portable ultrasound machine (26-28).

Therefore, LUS is increasingly used in the evaluation of little patients with
respiratory diseases as a point of care exam and as a valid diagnostic tool
alternative to CXR. (26-28)

The diagnostic accuracy of LUS today is superior to physical examination
and CXR combined for the diagnose of pneumonia. (30)

How to do LUS

The linear probe is usually used for the execution of LUS in children: with
its high frequency (7-12 MHz) it has low penetration but high image
resolution. The convex probe is useful for exploring deeper regions or for



study larger chest (e.g. in obese children or in adolescent patients). The
microconvex probe is used for neonatal patients.

The patient can be examined in a supine or sitting position: the study of
the anterolateral thorax can be examined with the patient supine, while
the posterior thorax can be explored either with the patient sitting or in
lateral decubitus or prone position.

For a correct and complete evaluation of the lung surface, it is necessary
to perform multiple scans of both hemithoraxes using longitudinal and
transverse projections.

The method of performing lung ultrasound in the pediatric field involves
dividing the thorax into two anterior areas, two lateral areas and two
posterior areas for hemithorax, for a total of 12 areas (Fig 2), (29).

Fig 2

Longitudinal scans are performed from the apices to the bases along
parasternal, midclavicular, anterior and midaxillary axillar lines. For
greater accuracy, transverse scans are also performed by rotating the
probe 90° and moving along the intercostal spaces.

Semeiotic of LUS: the expression of artefacts

In conditions of normal ventilation, the lung cannot be explored by
ultrasound, as it is completely reflected. LUS shows artefacts produced by



acoustic interactions of ultrasound on ventilated structures. Chest
ultrasound is based on the interpretation of signals that are not
representations of real anatomical structures in ventilated areas. Images
of real structures are visible in case of non-ventilated areas such as ribs,
pleura, pleural effusions, consolidations.

Placing the probe on the skin surface includes the most superficial part of
the lung: the chest wall, the pleura and the subpleural lung tissue.

The bat sign is the images produced by a longitudinal scan characterized
by the presence of two ribs with their rear shadow cone and, between
them, a hyper-echoic line that represents the pleural line: the ribs
resemble the wings of the bat, while the pleural line, which lies about half
a centimetre below the ribs mimics the body of the bat (Fig 3). The bat
sign is seen in all conditions except for subcutaneous emphysema, as the
air in the subcutaneous tissues prevents adequate imaging of the
structures underneath.

The pleura is formed by the parietal and visceral membranes, which
anatomically have a thickness of 0.2-0.4 mm, evidenced by LUS as a
hyper-echoic line (Fig 4).



Fig 4

The movement of the pleural sheets over each other is visible with LUS
and defined as pleural sliding, which depends on pulmonary excursion.

Under the pleural line, normally the lung is full of air and the artefactual
images produced are represented by multiple horizontal echogenic,
gradually fading horizontal lines, arranged at equal intervals below the
pleural line called A lines. These represent reverberation artefacts of the
parietal pleura (Fig 5). Their presence indicates that air/gas is present
below the pleura, which reflects the ultrasound waves back to the probe.
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Pleural line

Fig 5

The seashore sign is visible in M-mode in a healthy lung, in which the
pleura and the overlying structures appear as horizontal echogenic lines,
while the underlying lung gives a grainy/sandy appearance (Fig 6).
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Fig 6

In case of pneumothorax, the seashore sign is no longer visible and is
replaced by the stratosphere sign, as uniform horizontal straight lines (Fig
7).
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Stratosphere Sign Seashore Sign

The excursion of the lung base into the costophrenic recess is visualized
as the sliding of a curtain with respect to the structures located below the
diaphragm (liver/spleen) and is defined as Riding sign or Curtain sign (Fig
8-9).
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In the case of small pleural effusion, the fluid occupies the costophrenic

angle/recess, causing minimal compressive atelectasis of the surrounding
lung tissue.

In the case of a larger pleural effusion, the curtain sign is not visible, and
it is possible to find an anechoic or hypo-echoic rectangular area between
the chest wall and parietal pleura, the diaphragm and the visceral pleura,
defined as the Quad sign (Fig 10).

It is visible also in M-mode as sinusoid sign (Fig 11).
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B-line, also called comet tail, is a vertical artefact relevant in lung
ultrasonography. As originally described, it arises from the pleural line, it
is hyper-echoic, perpendicular to pleural line, extends to the depth of the
image without decreasing in intensity, and move synchronously with lung
sliding, it obscure A-lines (30).

Occasional B-lines (up to two) can be seen in normal lungs, commonly at
the bases. They are considered significant if three or more B-lines are
seen in a single image between two ribs. Sonographically, interstitial
syndrome appears as multiple B-lines. B-lines increase as air inside lungs
decreases, and there is an increase in lung density. We can define few,
multiple B-lines, or white lung if B-lines are confluent and shown a hyper-
echoic “white” zone (Fig 12).



Fig 12

The detection of multiple diffuse bilateral B-lines is suggestive of
interstitial syndrome (pulmonary edema of various causes, interstitial
pneumonia or pneumonitis, diffuse parenchymal lung disease). Focal
multiple B-lines (>3) can be suggestive of focal interstitial syndrome
(pneumonia, contusion, pulmonary infarction, lung cancer, and pleural
diseases) and corresponding to ground-glass opacities on the CT scan (Fig
13).

Fig 13

With the further loss of alveolar air content and the simultaneous
increase in fluids, the absence of air in the alveoli induces the appearance
of a consolidative pattern.

Subpleural consolidations are visible as diffusely hypo-echoic and
compact area, such as a liver (hepatisation). The pleural line over the
consolidation is interrupted and if airway patency is maintained, hyper-
echoic spots may also be visible within the lung parenchyma due to the



air present in the bronchial tree, which generates hyperechoic points
and/or linear images called air bronchograms (Fig 14-15).

Fig 14
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Fig 15

The visualization of air moving in the bronchi with respiratory activity
defines the "dynamic bronchogram". Dynamic air bronchogram aids in
differentiating consolidation from the atelectasis. Another sign of
pneumonia is the “shred sign”, showing as blurred and fragmented
margin separating the consolidation area from the aerated parenchyma.



A pleural consensual effusion, expressed as an anechoic area, is
sometimes visible in case of pneumonia.

Areas of consolidation can indicate inflammatory diseases such as
pneumonia, cancer, ischemia and atelectasis.

Aims of the study

The diagnosis of pneumonia in paediatric age is based, in most cases,
particularly in conditions that can be managed at home, on the clinical
history and physical examination. The British Thoracic Society guidelines
state that CXR is not necessary routinely for children with community-
acquired pneumonia and should not be done for subjects with mild
symptoms (31). Additionally, it should not be used as a follow-up for
previously healthy patients with good clinical recovery. Despite strong
recommendations, the overuse of CXR in cases of suspected pneumonia
in paediatric patients is common (32).

For this reason, many studies were conducted in the last 15 years about
the use of LUS for the diagnosis of pneumonia (11-13, 33). In case of
suspected pneumonia, it has been shown that ultrasound has a diagnostic
accuracy equal to or greater than that of traditional x-rays. Therefore, a
positive result of the LUS and clinical compatibility with pneumonia can
avoid the execution of radiography.

Despite the large literature in the paediatric field on the role of LUS for
the diagnosis of pneumonia, to our knowledge, there are no studies
concerning its utilization in the diagnosis and follow-up of pulmonary
infection in children with cancer, except for a pilot study preliminary
conducted in our Paediatric Oncological Unit (28).



The goal of this study is to explore the use of LUS as a tool for the
diagnosis of lung involvement during fever in childhood cancer patients to
develop precision medicine.

The primary objective of our study is to evaluate how many febrile cancer
patients present lung involvement visible at LUS and compare this result
with the number of pneumonia cases diagnosed without LUS.

The secondary objective is to evaluate if there is relationship between
pneumonia sonographic evidence and some collected data: days of fever,
presence of respiratory signs or symptoms, positive blood culture or
serologic exams, evidence of a different site of infection (venous catheter
infection, gastrointestinal, cutaneous, neurological involvement), c-
reactive protein (CRP) level, leucocyte and neutrophil count.

We evaluate the concordance of LUS and CXR/TC if performed.

We collected also LUS features in paediatric cancer patients without fever
and sign of active infection to evaluate if there is lung involvement caused
by the oncological treatment or by the cancer disease and not related to
pheumonia in cancer patients.



Material and Methods

Materials

This is a retrospective and prospective observational study performed at
the Unit of Paediatric Haematology and Oncology in Catania between
March and June 2020, at the beginning of the spread of the COVID-19
epidemic in Italy, halted during Covid-19 epidemic and continued
between January 2023 and March 2024. We collected, registered, and
analysed data over 19 months. LUS was used as a complementary
technique to the physical examination, with the aim of limiting daily out-
patient access or in-ward admission and transfer of patients to other
departments for tests. Parents of all the eligible patients accepted to
participate in the study, they gave their informed consent. The
performed procedures were in accordance with the principles of the 1964
Declaration of Helsinki and its later amendments (2013).

Study population

All hospitalized cancer patients undergoing therapy for cancer (steroid,
chemotherapy, radiotherapy) with suspected infection in progress,
participated in the study. All patients with fever at least from 48 hours
and increased level of CRP and/or procalcitonin (PCT) were considered
infected patients in the study.

As a case—control, a similar number of oncological paediatric patients,
without fever and increased CRP level, randomly picked, underwent LUS
with the aim to evaluate eventually false positive LUS cases related to the
oncological treatment or the cancer itself, but not associated with a lung
infection.



The inclusion criteria were age 0—18 years, diagnosis of leukaemia or solid
tumor, and ongoing cancer therapy. Patients with at least 48 hours of
fever associated with increased CRP level (normal range 0-5 mg/dl) and
or PCT were considered infected patients. Fever was defined as a body
temperature (T) greater than or equal to 38 °C.

We also randomly collected data from patients with the same inclusion
criteria but without fever and increased of CRP/PCT levels.

Patients with the following features were excluded: on-going asthma
crisis, cystic fibrosis, bronchodysplasia, congenital cardiopulmonary
malformation, primary and metastatic pleuropulmonary tumor
localization.

For each patient, we assessed age, sex, underlying cancer, the absolute
number of white blood cells, neutrophils count, CRP and PCT level at the
time of the LUS, cultural and serologic positivity if present, respiratory
symptoms and signs, signs or symptoms related to a different localization
of infection (such as diarrhea and abdominal pain, cutaneous or mucosal
lesions, venous catheter infection, neurological deficit).

CXR and CT examination

CXR and/or chest CT scans were recorded, if performed. CXR and chest CT
were evaluated with radiologists and considered positive in the presence
of pulmonary consolidations or marked accentuation of the
bronchovascular texture. These tests were performed only if considered
useful and appropriate for diagnostic purposes and clinical management.
The radiologist was blind to the infants’ laboratory and LUS data.



LUS examination

LUS was always performed with a 5-10 MHz linear probe or with a convex
probe in obese patients or teenagers. The probe was placed
perpendicularly, oblique and parallel to the ribs in the anterior, lateral
and posterior thorax as described by Copetti and Cattarossi (34). To cover
the whole lung surface, each hemithorax was divided into three areas:
the anterior area delimited by parasternal and anterior axillary lines, the
lateral area between the anterior and posterior axillary lines, and the
posterior area delimited by the paravertebral and posterior axillary lines.
Each region was scanned in the longitudinal and transverse plane, medial-
lateral and up-down respectively. The anterior and lateral regions of the
chest were examined while the infants in supine decubitus. The posterior
region was examined in prone decubitus in infants while sitting position
was used to scan the posterior wall in older patients.

LUS was considered positive for lung infection in these cases:

- single consolidation and/or air bronchogram in the sub-pleural region
larger thanl cm,

- multiple consolidations and/or air bronchograms (every size),

- single air bronchogram smaller than 1 cm associated with lung effusion
or confluent B-lines or white lung,

- multiple B lines or white lung.

All ultrasound examinations including A-lines only, rare B-lines (less than
3 per ultrasound scan) or single and isolated consolidation were
considered normal (29, 35).

All collected sonographic data were registered in a reporting form (Fig
16).
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LUS was performed by a paediatrician with specific LUS expertise and

unaware of the clinical, laboratory and radiographic data of the patients.

Statistical analysis

The diagnostic parameters of LUS and CXR were analysed using true
positive, false positive, false negative and true negative data with a
bivariate generalized linear mixed model. The calculated outcomes
included sensitivity, specificity, diagnostic odds ratio, P<0,05 was defined

as significant.

Fischer Exact Test was used to analyse the correlation between
respiratory symptoms and pneumonia, extra-pulmonary symptoms and

pneumonia, positive blood culture and pneumonia.




Wilcoxon test was used to evaluate the correlation between neutrophil

count and pneumonia, white blood cells count and pneumonia, CRP and
pneumonia, days of fever and pneumonia.

R Software 4.4.0 was used to perform all statistical analyses.



Results

Patients features

- Infected patients:

We collected 59 paediatric oncological patients between March and June
2020, and between January 2023 and March 2024, hospitalized for fever
lasting at least 48 hours and high level of CRP and/or procalcitonin. Each
patient underwent lung ultrasound.

The patients were 0-18 years old (media 9, median 9). Twenty-three
(39%) were females and 36 (61%) males. Thirty-two were affected by
leukaemia (31 acute lymphoblastic, 1 acute myeloid leukaemia, of whom
9 were relapsed patients), 10 lymphoma, 6 sarcoma, 6 cerebral cancer, 4
neuroblastoma, 1 Wilms tumor (Tab 1).

M leukemia

H lymphoma

M sarcoma

M cerebral tumors
M neuroblastoma

= wilms tumor

Tab 1




We randomly performed LUS on 39 paediatric cancer patients without

Non infected patients

fever and with normal CRP values. (Tab 2)

Sex Age tumor LUS X-Ray
M 14 AML NEG NEG
M 16 ALL NEG NEG
M 10 ALL NEG NEG
F 16 ALL NEG -

F 9 MB NEG -

M 7 ALL NEG -

M 4 NB NEG -

M 7 ALL NEG NEG
M 5 ALL NEG POS
M 10 AML NEG -

M 2 ALL NEG -

M 5 ALL NEG -

F 8 DESMOID | NEG -

M 11 ALL NEG NEG
M 3 ALL NEG NEG
F 4 ALL POS POS
M 3 WT NEG -

F 7 GLIOMA NEG -

M 17 AML NEG NEG
F 2 ALL NEG NEG
F 16 ALL NEG -

F 4 ALL NEG -

M 13 ALL NEG -

M 9 GLIOMA NEG -

F 10 ALL NEG -

F 2 GLIOMA NEG -

M 6 NB NEG -

M 15 ALL NEG -

M 16 ALL NEG -

M 18 ALL NEG NEG




F 3 ALL NEG -

M 14 SARCOMA | NEG -

F 6 ALL NEG NEG
M 2 WT NEG -

F 16 SARCOMA | NEG -

M 11 NHL NEG NEG
M 3 ALL NEG NEG
F 10 ALL NEG -

M 7 ALL NEG -

Tab 7

LUS and CXR features in non-infected patients

LUS was normal in 38 of the 39 patients. In one case, both LUS and CXR
were positive. In this case, CXR showed signs of leukaemia infiltration at
onset of disease, in agreement with LUS findings.

CXR was detected in 14 cases and resulted positive in two: one was a
leukemic infiltrate, as described, according to LUS; in the other case, the
radiogram revealed nuanced hilar thickening, which was not evidenced
on LUS.

LUS features in infected patients

In 32 cases of 59 (54%), LUS was positive for pneumonia (Tab 3).



Tab 3

sex age (yearstumor

1 renal sarc
14 LH
11 LLA

3 RMS

3 UA

9 LLA
12 LNH
17 LLA
12 LNH
3TW

9 LNH
16 glioma
16 glioma
16 glioma

8 LMA

9 0s

3 UA
17 relapse LL
17 relapse LL
11 LNH
12 LLA

5 LLA
14 Ewing sarc
13 relapse LL
9 astrociton
5 RMS

5 relapse LL
8 LLA
13 Ewing sarc
8 relapse LL
12 LLA

3 glioma

5 relapse LL
5 relapse LL
7 relapse LL
10 LLA
15 LLA

4 MB
12 LLA
10 LLA

2 NB
14 relapse LL
14 relapse LL
3 LA

5 LA
13 LLA

2 LNH

8 relapse NI
4 LLA
18 relapse L+
6 LLA

2 LNH
15 LLA

4 LLA

3 LNH
16 LH

3 NB
13 LLA

6 LLA
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In 28 cases (87,5%) there were consolidations or bronchograms;

days of fe respiratory symptoms

3 no

5 reduced vescicolar murmure
4 no

2no

3 no

2no

2 no

2no

3 no

3no

2 no

3no

6 cough reduced vescicolar murmure
7 cough desaturation creackles
4 cough reduced vescicolar murmure
2 cough reduced vescicolar murmure
6 cough desaturation creackles
7 cough

3 no

8 cough

4 no

3no

2 no

2 no

3 no

2 no

3 no

7 no

3 no

6 cough

3 no

2 no

7 cough

7 cough reduced vescicolar murmure
2 no

3no

8 no

4 no

7 cough

7 cough

2 no

10 cough

10 cough

9 cough

3 cough

3 cough

2 cough

3no

3 cough

3 tosse

3 cough

2 cough

8 no

2no

6 cough

2 cough reduced vescicolar murmure
7 cough

3no

2 no

terapy

ceftazidime

ceftazidime amikacina
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ceftazidime

ceftazidime amikacina

ceftazidime amikacina

ceftazidime

ceftazidime aciclovir

ceftazidime

ceftazidime

ceftazidime

ceftriaxone

ceftriaxone claritromicina
ceftriaxone claritromicina
ceftazidime

ceftriaxone

meropenem amikacina
voriconazolo bactrim

merrem

piperacillina tazobactam teicoplanina
glazidim amika

ceftriaxone amikacina

ceftazidime

ceftazidime azitromicina
ceftazidime amikacina teicoplanina
ceftazidime

ceftazidime amikacina

ceftazidime teicoplanina amikacina
ceftazidime amikacina teicoplanina
ceftazidime amikacina teicoplanina
ceftazidime amikacina

amoxicillina acido clavulanico
ceftazidime amikacina teicoplanina
ceftazidime amikacina teicoplanina
ceftazidime amikacina

ceftazidime metronidazolo
ceftazidime
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lung or multiple B lines alone were reported in 4 cases (12,5%).

Regarding consolidations, 17 cases (60%) showed single bronchograms or
consolidations while 11 cases (40%) showed multiple consolidations
and/or bronchograms. In 12 cases (42%) these were associated with

multiple B lines.

Pleural effusion was present in 9 cases (28%) (Tab 4).

serological tests CXR

0,9
neg
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neg
3,5 enterobacter cl
1,3 enterobacter cl neg
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1,1 pos
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11 e coli
4,4 klebsiella pn s aureus picc
neg
0,6 neg
neg
neg pos
neg s aureus picc
58 pos
neg
pos
neg
neg
2,6
5,9 neg beta glucano pos
neg
0,1 neg pos
0,6 neg
69 streptococco py pos
neg
1,5 pseudomonas a pos
1,1 pseudomonas a aspergillo pos
0,5 staphilococco haem pos
1,8 rhinovirus neg
neg
86 neg neg
0,48 neg
0,2 vrs pos
neg
14 clostridium
0,9
pos
staphilococco
neg
neg pseudomonas tar neg
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Tab 4

single multiple
bronchogram bronchograms

B-lines

Single bronchograms were smaller than 1 cm in 6 cases (35%) and bigger

than 1 cm in 11 cases (65%). These were associated multiple B lines in 8

cases (47%) and pleural effusion in 6 cases (35%).

Multiple bronchograms were associated with B lines in 4 cases (36%) and
with pleural effusion in 2 cases (18%) (Tab 5).

Multiple B-lines were associated with pleural effusion in one case (25%).

Positive LUS Negative LUS LUS description

+ right bronchogram <1 cm, multiple B lines

+ bilateral bronchogram > 1 cm, multiple B lines, bilateral
pleural effusion

+ right bronchogram <1cm, multiple B lines

+ right consolidation <1cm, multiple B lines

+ right bronchogram <l1cm, multiple B lines

+ left consolidation >1cm, pleural effusion, multiple B lines

+ left consolidation>1cm, pleural effusion, multiple B lines

+ left multiple B lines, left pleural effusion

+ right consolidation>1 cm, multiple B lines

+ right consolidation>1cm, consolidations <1cm bilateral,

multiple B lines




+ multiple consolidations <1cm

+ right consolidation >1cm
+ bilateral multiple B lines
+ left consolidation >1cm, right consolidation <1cm,

multiple B lines

+ multiple consolidations > 1 cm, multiple B lines
+ multiple left bronchogram sn <1 cm, right <1cm
+ multiple consolidations >1cm

+ consolidation <1cm, pleural effusion

left bronchogram >1cm

+

left consolidation >1 cm

bilateral consolidations <1 cm

bilateral consolidations, pleural effusion

left consolidation >1cm, multiple B lines

left bronchogram >1 cm, left bronchogram <1lcm

left consolidation <1cm pleural effusion

+ |+ |+ |+ |+ |+

left consolidation >1 cm

bilateral bronchogram <lcm

multiple B lines

right bronchogram >1cm, pleural effusion

+ right bronchogram >1cm

+ consolidation>1cm, pleural effusion

+ bilateral multiple B lines

Tab 5




CXR and chest CT features in infected patients

CXR and chest CT were performed only when considered useful by
medical equip.

In 19 patients, CXR was performed: it was positive for lung consolidation
or interstitial pneumonia in 13 cases and negative in 7 cases.

In three of the cases with negative CXR, LUS was positive for pneumonia.
In one case, CXR was positive for hilar consolidation, which was not visible
on LUS.

There was a concordance of 80% between LUS and CXR images.

In 8 patients, a chest CT was performed. It was positive for pneumonia in
all cases, showing a 100% concordance with LUS. In three of these cases,
only CT was performed; in the other 5 cases, both CXR and CT was
performed, showing an 80% concordance between CT and CXR (in 4 of 5
cases). Particularly, in one case with positive LUS and negative CXR, CT
confirmed pneumonia findings (Fig 17).

Fig 17




Pneumonia focus

In 33 (56%) of 59 patients, pneumonia was detected: in 32 patients, it was
visible on LUS, and only in one case, it was visible on CXR but not on LUS

(Tab 6, Fig 18-19).

Diagnose of pneumonia

LUS 18 (55%)
LUS and CXR 6 (18%)
LUS and CT 4 (12%)
LUS, CXR and CT 4 (12%)
CXR 1 (3%)

Total

33 (100%)

Tab 6




Fig 19

Thirty-six (61%) of 59 febrile patients underwent only LUS for the
detection of pneumonia: 15 (42%) LUS were positive, 21 (58%) were
negative for pneumonia.

In 15 (45,5%) patients out of 33 affected by lung infection, if LUS had not
been performed, pneumonia would not have been diagnosed.



Sensitivity, specificity and accuracy of LUS and CXR

LUS sensitivity, specificity, and accuracy for detecting pneumonia were
0.95, 1, 0.98 considering all febrile patients.

Sensitivity, specificity, and accuracy of LUS for detecting pneumonia,
calculated considering both infected and non-infected patients, were
0.97, 0.98, 0.98.

CXR sensitivity, specificity, and accuracy for detecting pneumonia
calculated were 0.8, 1, 0.84, considering all febrile patients.

Sensitivity, specificity, and accuracy of CXR for detecting pneumonia,
calculated considering both infected and non-infected patients, were 0.8,
0.89, 0.85.

Furthermore, LUS showed higher efficacy than CXR for detecting
pneumonia in paediatric cancer patients with infection (ratio:10,4 CI:0,78-
578,15 P=0,04).

Analysis of correlation between LUS and extrapulmonary symptoms

In 16 cases, patients presented extrapulmonary symptoms (mastoiditis,
diarrhoea, vomiting, mucositis, skin lesions, central line infection, neuritis,
stroke): in 3 of these cases (19%), LUS was also positive for pneumonia
(one case of mastoiditis, one with venous catheter infection, one with a
cutaneous infection); in the other 13 cases (81%), LUS was negative (Tab
7).



type of infection

M pneumonia

B mastoiditis

M labialis herpes simplex

M septic shock

B venosus chatetere related

infection

H vomit/diarrea

= trombosis

Tab 7

Three cases presented with septic shock, and in all these cases LUS was
positive.

Significant difference was observed between the two groups (P=0,013)
(Tab 8).

Fisher Exact test, p-value = 0.013
100%-
90%-
80%-
70%-
60%-
50%-
40%-
30%-
20%-
10%-
0%-

Other
Symptoms

l yes
no

(n=26) (n=233)
No Yes
Tab 8 Pneumonia




Analysis of correlation between LUS and respiratory symptoms

Respiratory symptoms and signs were reported in 26 patients (Tab 9). In
25 cases of them, pneumonia was confirmed by LUS in 24 of these cases

and by CXR in one case. In one case, cough was not related to pneumonia
(Tab 10-11).

respiratory symtoms

M cough
M reduced vescicular murmure
= crackles

B desaturation

Tab9
Fisher Exact test, p-value < 0.001
100%-
90%-

80%-
70%-
60%- Respiratory
Symptoms
50%- No
Cough with reduced vescicolar
40%- murmure or desaturation
Cough
30%-
20%:-

10%:-
0%-

(n=26) (n=33)

No Yes
Pneumonia

Tab 10



Fisher Exact test, p-value < 0.001
100%-
90%-
80%-
70%-
60%-
50%-
40%-
30%-
20%-
10%-
0%-

Respiratory
Symptoms
No
Cough

(n=26) (n=33)
No Yes
Pneumonia

Tab 11

A significant difference was found between the two groups of patients
(P<0,001) (Tab 10-11).



Analysis of correlation between LUS and duration of fever

The mean duration of fever was 4.1 days for all patients, and 4.9 days for
patients with lung infection. The Wilcoxon test showed a significant
difference between the two groups, with a longer duration of fever with a
longer lasting fever in patients with pneumonia (P=0,0035) (Tab 12).

Wilcoxon, p = 0.0035

9
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Yes _ No
o Pneumonia

Analysis of correlation between LUS and positive blood culture and
serological tests

In 9 cases, blood culture was positive (3 Pseudomonas aeruginosa, 2
Staphylococcus aureus and haemoliticus, 1 Streptococcus pyogenes, 1
Micrococcus luteus, 1 Escherichia coli, 1 Klebsiella pneumoniae). LUS was



positive in 100% of these cases, showing a significant difference between
the two groups (P=0,001) (Tab 13).

Tab 13
Fisher Exact test, p-value = 0.001

100%-
90%-
80%-
70%-
60%-
50%-
40%-
30%-
20%-
10%-

0%-

Blood Colture

Positive
Negative

(n=26) (n =33)
No Yes
Pneumonia

Bronchoaspirate was positive in two cases for Staphylococcus aureus, and
LUS was also positive in these cases.

Beta glucan and Galactomannan tests were positive in two cases, where
LUS was positive as well; these cases were treated as Fungal pneumonia.

Rhinovirus and Respiratory syncytial virus were positive in nasal swab
from two patients, who also had positive LUS findings.



Analysis of correlation between LUS and CRP value, white blood count and
neutrophilic count

The mean CRP value was 90 mg/dl for all patients, 108 mg/dl for patients
with lung infection. A significant difference was observed in CRP values
between the two groups (P=0,021) (Tab 14).

Wilcoxon, p = 0.021

300

200
14
o
(a

100

0

Yes No
Pneumonia

Tab 14

The white blood cells count is reported in the next table. No significant
difference was observed between white blood cells count in patients with
pneumonia and those without pneumonia (Tab 15).
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The mean Neutrophil count in all patients was 795/mmc, while in patients
with lung infection, it was 820/mmc (Tab 16).
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Discussion

Over the last decade, a considerable number of publications have focused
on defining the role of LUS as point-of-care diagnostic tool. (36-45)

There is now evidence that LUS may have greater sensitivity, similar
specificity, and better inter-operator reliability in diagnosing pneumonia
compared with standard CXR (14,35, 37, 39, 46, 52).

Yang et al recently demonstrated through a systematic review and meta-
analysis that LUS is comparable to CXR in detecting pneumonia in children
and has also a superior sensitivity than CXR (5). Same results were
reported by Dong et al (1). Yan et al recently reviewed 22 studies and
suggested that LUS could be considered an alternative diagnostic tool to
CXR for detecting pneumonia in children (52).

In a preliminary pilot study, for the first time to our knowledge, we
performed and described LUS findings in paediatric cancer patients, with
fever to screen for lung involvement (28). This study demonstrated that
underlying cancer, chemotherapy and radiotherapy, the number of
neutrophils did not influence the ultrasonographic findings; the specificity
was 93%, comparable to that described in the paediatric population for
the diagnosis of pneumonia. The sensitivity, even if calculated in a small
series, was 100% (28).

The motivation for evaluating the usefulness of LUS in detecting
pneumonia in paediatric cancer patients is that CXR does not allow
pneumonia in cancer patients in over 44% of cases (47). Gerristen et al.
demonstrated that the sensitivity of CT at low doses of radiation is 73%
when performed on the first day of febrile neutropenia, compared to the
sensitivity of CXR, which is of 36% (48). Heussel et al. showed that in more
than 50% of febrile neutropenic patients with normal CXR, there were
signs of pulmonary inflammation on CT (49).



Shah et al. described that while CXR and LUS have a similar diagnostic
accuracy for pulmonary thickenings greater than 1 cm, LUS has a clearly
superior sensitivity for pulmonary thickenings smaller than 1 cm (50).

Furthermore, as reported by Cui et al., LUS, compared with the chest CT
scan, has 0.906 sensitivity and 0.661 accuracy, while CXR has 0.793
sensitivity and 0.559 accuracy in children with suspected pneumonia (51).

It is possible that in patients with neutropenia, the deficient inflammatory
response predisposes them to develop smaller thickenings, not always
detectable on CXR.

For this reason, CXR is not indicate for diagnosing pneumonia in cancer
patients with neutropenia. Chest CT can be performed in cases of severe
infection or suspected fungal pneumonia, while in oncological patients
with neutropenia and mild symptoms, no radiological tests are
performed, and only clinical diagnosis is made.

We believe that using a new, easy-to-perform, low-cost, bedside,
repeatable, radiation-free tool like LUS could be crucial in making early
and certain diagnosis of pneumonia in febrile paediatric cancer patients.

Our record showed that in 56% of febrile patients, there was lung
involvement; in 54% of the cases, LUS was positive for pneumonia.

Lung consolidations or bronchograms were reported in 87,5% of the case
of lung involvement: 65% had bronchograms larger than 1 cm, and 60%
had single bronchograms. Pleural effusion was associated in 28% of the
cases.

Multiple B lines or white lung pattern were visible in 12,5% of the patients
with lung involvement, indicating interstitial pneumonia.

CXR was performed in 33% of the febrile patients and CT scans in 13,5%
of the febrile patients.



LUS and CT scans had a concordance rate of 100%.

Our study found that the diagnostic values of LUS for detecting
pneumonia in paediatric cancer patients were high.

The sensitivity and specificity of LUS for detecting pneumonia in
oncological children were 0,97 and 1 (or 0,98 considering all patients with
and without infection). The accuracy was 0,98%.

The sensitivity and specificity of CXR for detecting pneumonia in
oncological children were 0,8, 1 (or 0,89 when considering all patients
with and without infection). The accuracy resulted 0,84 or 0,85 when
considering all patients.

These data confirmed that LUS has a higher sensibility than CXR for
detecting pneumonia in paediatric cancer patients. Higher specificity and
accuracy were also reported.

LUS was significantly better than CXR for detecting pneumonia in
paediatric cancer patients with infection, with significant difference
(ratio:10,4 CI:0,78-578,15 P=0,04).

The sensitivity of LUS for detecting pneumonia in paediatric cancer
patients calculated in our study, is similar to that reported by literature in
children without cancer. (52)

The specificity of LUS seems to be higher in paediatric cancer patients
(without lung cancer involvement, bronchodysplasia, asthma) than in
children without cancer.

CXR has less sensitivity for detecting pneumonia in paediatric cancer
patients than in children without cancer, confirming data published by
Gerristen, Heussel and Shah et al. (48-50)

Furthermore, in 45% of patients with pneumonia diagnosed by LUS, no
other radiological tests were performed, meaning that in these patients



affected by pneumonia, the infection would not have been diagnosed
without LUS.

Diagnosing pneumonia in febrile cancer patients allows to localize and
follow up the evolution of the infection, perform specific serological and
cultural exams, and to use precision medicine to personalize diagnostic
tests and therapeutic choices.

In our study, we also evaluated the correlation between pneumonia and
respiratory symptoms, extra pulmonary symptoms, and the duration of
fever.

Our data reported a significant correlation between respiratory
symptoms and pneumonia (p<0,001), extra pulmonary symptoms and
pneumonia(p=0,01), and the duration of fever and pneumonia (<0,0035).

We analysed the correlation between pneumonia and CRP level, white
blood cell count, neutrophil count, and positive blood culture.

Our study showed a significant correlation between CRP level and
pneumonia (p=0,021), and between positive blood culture and
pneumonia (p=0,001).

No significant correlation between pneumonia and white blood cell count
(0,14) and neutrophil count (p=0,72) was reported.

The limitations of this study include its retrospective and prospective
together, the gold standard being the clinical diagnosis of pneumonia and
not chest CT because it is not ethically correct the exposure at ionizing
radiation to all patients regardless of clinical status of patients, the small
population used especially for evaluating CXR sensitivity and specificity,
the variability of the population studied. More LUS were performed than
CXR, resulting in a significant variability in the confidence intervals.



Conclusion

The goal of this study was to describe, for the first time, the high
sensitivity and specificity of LUS in paediatric cancer patients, providing a
new tool useful for the screening pneumonia in febrile cancer patients.

The study proved the high sensitivity and specificity of LUS for detecting
pneumonia in a new population, higher than CXR.

We also evaluated the relationship between certain clinical and
laboratory data and the presence of pneumonia in paediatric cancer
patients. Respiratory symptoms, the absence of extra pulmonary
symptoms, many days of fever, high CRP level, positive blood culture are
associated with pneumonia.

For this reason, LUS could be performed in all febrile paediatric cancer
patients with respiratory symptoms, without extra pulmonary symptoms,
with prolonged fever, high CRP level and positive blood culture to screen
the presence of pneumonia.

Having a simple, non-invasive, low-cost, bedside, repeatable tool for the
early diagnosis of pneumonia in immunosuppressed children could help
prevent the worsening of infections and improve prognosis through early
therapy. Furthermore, it will allow for precision medicine by enabling
personalized diagnostic tests and specific therapeutic treatments related
to the diagnosis.
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