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Abstract

Lung ultrasound has become a valuable tool in neonatal intensive care practice, with exponential diffusion of evidence of its
diagnostic and functional applications over the last decade. In this pictorial essay, we review animal models and clinical
cases where diagnosis was confirmed with high-resolution pulmonary computed tomography/cardiac angiotomography,
biopsies, or autopsies, pointing out the main ultrasound features of neonatal respiratory disorders.
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Correlacion clinicopatoldgica del ultrasonido pulmonar neonatal. Un ensayo grafico

Resumen

El ultrasonido pulmonar se ha convertido en una herramienta valiosa en la prdctica de cuidados intensivos neonatales, con
una difusion exponencial de la evidencia sobre sus aplicaciones diagndsticas y funcionales durante la ultima década. En
este ensayo grdfico revisamos modelos animales y casos clinicos en los cuales el diagndstico se confirmd con tomografia
computarizada pulmonar de alta resolucion/angiotomografia cardiaca, biopsias o autopsias, sefialando las principales carac-
teristicas ecogréficas de los trastornos respiratorios neonatales.

Palabras clave: Ultrasonido pulmonar. Recién nacido. Anatomia patolégica. Modelo animal. Ultrasonido. Tomografia axial

computarizada.
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Introduction

Lung ultrasound (LU) has been increasingly used by
emergency physicians, cardiologists, pneumologists,
anesthesiologists, and intensivists to obtain anatomical
and functional images at the patient’s bedside. It has
become a valuable tool in neonatal intensive care prac-
tice, with exponential diffusion of evidence of its diag-
nostic and functional applications over the last decade'.
In this pictorial essay, we review animal models? and
clinical cases where diagnosis was confirmed with
high-resolution pulmonary computed tomography/car-
diac angiotomography, biopsies, or autopsies, pointing
out the main ultrasound features of neonatal respiratory
disorders. Cases are grouped, reviewing the basic
semiology of LU interpretation.

Normal LU

The bat sign is used to identify an intercostal space,
the edge of the ribs being the wings and the pleural
line the head. The pleural line is normally a smooth,
regular, straight hyperechoic line under the ribs in new-
borns normally measuring less than 1 mm. Pleural slid-
ing is normally seen as a horizontal to-and-fro motion

D. Ibarra-Rios et al. LU clinicopathological correlation

of the pleural line, synchronized with respiratory move-
ment. Its absence is always pathological. In M-mode,
the seashore sign is observed (secondary to pleural
sliding, generating a sandy image). A-lines are horizon-
tal artifacts equidistant to the pleural line, appreciated
during the insonation of an aerated lung® (Fig. 1).

B-Lines

Signifying an air/liquid interface, B-lines appear as
laser-like vertical hyperechoic reverberation artifacts that
arise from the pleural line, move synchronously with
pleural sliding, and extend to the bottom of the screen
without fading (Fig. 2). The presence of three or more
well-spaced B-lines is defined as an interstitial syndrome
and is pathologic representing interstitial edema. During
transition, B-lines are used to diagnose respiratory dis-
tress syndrome (RDS), where B-lines can coalesce mak-
ing A-lines disappear giving a white lung appearance
(signifying interstitial and alveolar edema, fig. 3), and
transient tachypnea of the newborn (TTN), where spared
well aeriated areas are seen. Pleural line in RDS appears
thick and irregular with collapse bronchogram, and in
TTN a regular pleural line with no consolidation is a
consistent finding®. After transition, B-lines are seen in
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Figure 1. Normal longitudinal lung ultrasound in a human newborn and in an animal model. A: bio model for teaching:
male Wistar rat weighing 800 g. Intramuscular sedation and analgesia were provided with tiletamine, zolazepam, and
meloxicam. Note the bat sign between ribs (dashed line), the pleural line, and the A-lines. B: normal neonatal lung

ultrasound. R: rib, ICS: intercostal space.
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Figure 2. B-lines in an animal respiratory distress syndrome model. Bio model for teaching, respiratory distress
syndrome. A: initial model showing pleural sliding, A-lines, and with M-mode, the seashore sign. B: after performing
bronchoalveolar lavage with normal saline, surfactant is washed out, generating a thick and irregular pleural line (circle)
and B-lines (arrows). B-lines appear colliding at the base giving the appearance of white lung (bracket: generalized
alveolar-interstitial pattern with no spared areas).

Figure 3. Acute respiratory distress syndrome (surfactant deficiency). Pre-term male infant born at 27 weeks of gestation from
a dichorionic diamniotic twin pregnancy. Vaginal birth weighting 890g, twin A, intubated at birth receiving one dose of surfactant,
transferred to tertiary level care. Birth-related injuries. Assessment for a second dose showed a lung ultrasound score (LUS)
of 9, not predictive of re-surfactant administration. Developed early onset sepsis, transitional hypotension, acute renal failure,
and intraventricular hemorrhage. A and C: lung ultrasound showing thick pleural line with coalescing B-Lines generating a
white lung appearance, also described as alveolar—interstitial pattern with no spared areas (ground-glass sign). B: chest
radiograph showing diffuse, bilateral, and symmetrical granular opacities (ground-glass appearance). D: lungs with homogeneous
yellow consolidated parenchyma with small areas of hemorrhage. E: hematoxylin and Eosin (HE) x100. Thickening of the
interalveolar septa with a few lymphocytes is shown. Acellular eosinophilic material (hyaline membranes) with incipient
hemorrhage is observed in the alveolar spaces. F: close up (x400) of alveolar space with formation of hyaline membranes (arrow).
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Figure 6. Pulmonary interstitial glycogenosis. Late pre-term female born at 34 weeks of gestation in a vaginal accidental
delivery. The patient was stabilized in a private clinic and transferred to a tertiary care unit. Mild-to-moderate pulmonary
hypertension was present. The patient was dependent on oxygen and CPAP. A-C: chest radiograph showed progressive
granular opacities. D and E: lung ultrasound showed a progressive interstitial B-line pattern until coalescing B lines were
present. F: HRCT consistent with early onset ILD. A lung biopsy was performed on day 47 showing: G: partial loss of
architecture due to expansion of the interstitium at the expense of medium-sized cells with ample, clear cytoplasm and
round to oval central nuclei. Periodic acid-Schiff staining reveals that these cells contain granular material in their
cytoplasm that is digested by diastase, corresponding to glycogen. Histological section shows the thickening of the
interalveolar septa due to the presence of cells with clear cytoplasm (arrows) and a scant lymphocytic infiltrate.
H: ultrasonic photomicrograph with clusters of monoparticulate glycogen (*). Pulmonary Interstitial Glycogenosis was
diagnosed. Treatment with steroids and diuretics commenced, and the patient was monitored in an outpatient clinic.

Figure 7. Pulmonary interstitial emphysema. Late pre-term male infant born at 34 weeks of gestation. Cesarean section
secondary to premature rupture of membranes. Down syndrome with duodenal atresia. During Kimura duodenal-
duodenal anastomosis, spontaneous hepatic rupture occurred. Acute renal failure and anasarca; renal replacement
with peritoneal dialysis. Ventilated since birth, requiring high parameter and HFQV. Pleural effusion (PE) requiring needle
drainage. A: transdiaphragmatic view showing bilateral PE. B: transversal view depicting a pool of 2 cm where 25 ml
of transudate was evacuated. C: lung ultrasound taken hours before demise at 19 days of life showing a thick pleural
line with a light B-line pattern, A-lines are also observed; a gap between the pleural line and chest wall is observed
secondary to edema. D: chest radiograph showing soft-tissue edema and lung parenchyma with ten intercostal spaces
and an interstitial pattern with opacities in both bases. E: pulmonary interstitial emphysema was diagnosed during
autopsy. F (HE) and G (Masson’s trichrome) x100: alveolar spaces visibly dilated, with mild fibrosis of the interalveolar
walls. There is concentric fibrosis of the adventitia of medium-caliber vessels.
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Figure 8. Early pulmonary hemorrhage. Pre-term male infant born at 28 weeks of gestation. Vaginal birth weighting
985 g. Intubated at birth receiving one dose of surfactant and transferred to tertiary level care. Assessment for a second
dose showed a lung ultrasound score of 8, not predictive of re-surfactant administration. Early onset neonatal sepsis
with septic shock and pulmonary hemorrhage. A and C: lung ultrasound showing shred sign, with consolidation and
static bronchogram (*). B: chest radiograph showing granular opacities at the base of the right lung and across the
left lung. D: lungs with consolidated parenchyma and extensive areas of hemorrhage E: HE x100. Extensive intra-alveolar
hemorrhage. F: HE x400. Alveoli occupied by numerous erythrocytes; no inflammatory cells are observed.

Figure 9. Congenital diaphragmatic hernia with late pulmonary hemorrhage. Severe left diaphragmatic hernia diagnosed
at 26 weeks with an expected/observed lung to head ratio of 24%. Cesarean section at 37 weeks, 2730 g, female, intubated
at birth. Hernioplasty performed on day 5. Developed severe pulmonary venous hypertension with left-to-right shunt
through the patent foramen ovale, right atrial enlargement, and pulmonary hemorrhage. A: chest radiograph showing
bilateral diffuse infiltrates with ground-glass opacities with a white out appearance. B: lung ultrasound with shred sign,
with consolidation and fluid, and static bronchogram; fibrin deposition is shown (*). C: subcostal 4-chamber view depicting
right atrium enlargement. D: autopsy specimen showing right atrial enlargement, with pulmonary hemorrhage and blood
in the pleural space. RA: right atrium; TV: tricuspid valve; RV: right ventricle; IVS: interventricular septum; LV: left ventricle.
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Figure 16. Animal model of pleural effusion (PE). Bio model for teaching, PE: A: after injecting 20 mL of normal saline
into the pleural space, the 4-wall sign is identified (dashed square); note the consolidated lung (C) under it. B: on
M-mode sinusoidal sign is identified (dotted line).

Seashore sign Barcode sign

Figure 17. Animal model of pneumothorax. Bio model for teaching, pneumothorax: A: initial model showing pleural
sliding, A-lines alternating with B-lines, and with M-mode the seashore sign. B: after injecting 15 mL of air into the
pleural space, pleural sliding and B-lines disappear, only A lines are visible, and in M-mode, the barcode sign is
depicted.
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evolving and chronic lung disease, defined as broncho-
pulmonary dysplasia (BPD)* and increased pulmonary
blood flow (example, patent ductus arteriosus, Fig. 4),
and coalescent B-lines can be seen in neonatal acute
RDS (NARDS)®. Persistent tachypnea and an increas-
ingly progressive B-line pattern can help to identify early
onset interstitial lung disease (Figs. 5 and 6)%. One of
the limitations of LU is its inability to diagnose overdis-
tension, so caution is recommended, as B-lines can be
seen even in an overdistended lung (Fig. 7).

Consolidation

A consolidation is a subpleural hypoechoic region
with shredding of the pleural line, with tissue-like
echotexture and disappearance of A-lines. Static or
dynamic air bronchogram can be found. Consolidations
are seen in meconium aspiration syndrome, pulmonary
hemorrhage (Figs. 8 and 9), atelectasis, pneumonia
(viral, bacterial, fungal [Figs. 10 and 11]), NARDS, and
BPD"8,

Lung malformations

LU has been used to confirm or suspect lung and
airway malformations by identifying absence of normal
lung parenchyma artifacts and hypoechoic micro- or
macro-cystic images, multiple hypoechoic irregular pat-
terns, and consolidations. A displaced heart can be
found in cases of atelectasis, congenital diaphragmatic
hernia, and pulmonary hypoplasia/agenesis. It is always
necessary to complement its study with high-resolution
lung computed tomography and angio tomography
(Figs. 11-14)%12,

Chronic lung disease

BPD is characterized by a thickened pleural line,
B-line interstitial heterogeneous pattern, and consoli-
dations. Integrated LU and targeted neonatal echocar-
diography assessment enhances the delineation of
different phenotypes, disease monitoring, and individ-
ualized guidance physiology-based management
(Fig. 15)*™3,

Pleural effusion (PE) and pneumothorax
(PTX)

LU is the gold standard to diagnose PE and PTX.
“Crashing infant” ultrasound protocols have been
described for prompt diagnosis and treatment45,

PE

It is recognized by a missing bat sign and identifying
the four walls sign, and an anechoic area that sepa-
rates the parietal pleura from the visceral pleura and
compresses the lung. In M-mode, with each respiratory
cycle, the lung surface line will move toward the pleural
line creating a sinusoidal sign (Fig. 16).

PTX

To diagnose, it is necessary to note absent pleural
sliding and only A-lines (one B-line rules out the pos-
sibility). There should be no “pulmonary pulse,” that is,
the absence of pleural sliding and clear visualization of
cardiac pulsations at the level of the pleural line, as this
sign may reflect main stem intubation of the contralat-
eral lung. The presence of a lung point, which is the
point that separates sliding from a non-sliding area, is
a specific sign of a PTX (mild-moderate), but its absence
does not exclude it as it is the case in tension PTX. On
M-mode, the barcode sign generated by the absence
of pleural sliding losing the sandy appearance, and a
series of horizontal parallel lines are seen (Fig. 17).

Conclusion

Animal models and clinical cases with tomographic
reconstructions, biopsies, or autopsies were presented
showing the basic semiology and the usefulness of LU
to diagnose and monitor neonatal respiratory
diseases.
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