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Homework

* 1. Write the correct position of endotracheal tube, radiological
criteria.

e 2. Write the correct position of nasogastric tube, radiological criteria.
* 3 Write the correct position of umbilical catheter, radiological criteria.

* 4 Write the most frequent mistakes and complications of position of
all this “tubes”.



Imaging in Neonatology

* Newborn children are divided into two groups:
e - gt term — are children born >38 weeks of gestation;
* - premature- are children born between 22-37 weeks of gestation;



Imaging in Neonatology

* |s perfomed in children during first 28 days of life;
* Includes:

* - Radiography;

- Ultrasonography;

e -CT;

* - MRI;

e - PET-CT;

* - Nuclear medicine.



The goal of performing a Radiography of a
newborn:

* Breathing disorders;

 Evaluation of the position of Endotracheal tube, nasogastric tube,
umbilical catheter and other catheters;

e Evaluation of brain disorders
e Evaluation of musculoskeletal disorders;



Respiratory Distress Syndrome (also known as
nyaline membrane disease)

Respiratory distress syndrome due to surfactant deficiency (SDR DS) -
is the lung pathology of the newborn that is caused by surfactant
deficiency in the immature lungs.

It is found especially in premature newborns.



Alveoli

Ventilation -
AN

Pathophysiology of SDR

 Surfactant deficiency leads to: Blood vessel

* Collapse of the alveoli, especially at the end of Type | pneumocyte
expiration b?{ increasing the tension on the surface
of the alveoli

* Decreased lung compliance (volume changes per
unit as pressure increases)

* Decreased lung volumes — residual lung capacity
decreases by up to 10% of normal.

* Increased respiratory effort — exacerbated by chest
muscle hypotrophy and chest compliance in
premature infants

. DeIaYed onset of vasodilation of the pulmonary
circulation after birth, leading to right-to-left

shunting Collapseq alveoli
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* Hypoxia leads to cardiac output leading to .
hypotension. These phenomena lead to metabolic
acidosis, renal failure and volume retention.

* Decreased respiratory rate leads to hypercapnia




Radiological Features

Plain X-ray:
-reduced lung volume
- diffuse, bilateral and symmetrical granular opacities
- bell-shaped chest
-air bronchograms may be evident

Hyperinflation makes the diagnosis less likely, unless the patient is intubated.

If treated with surfactant therapy, there may be asymmetric in improvement
because more surfactant may reach certain parts of the lungs than others.



St 2 Micronodular changes bilateraly + aeric
bronchograms

St 1 Micronodular changes bilateraly




St 3 Micronodular changes bilateraly + aeric !
bronchograms + effacement of the broder of the heart and St 4 White Iungs
diaphragm




Transient tachypnea of the newborn

Transient tachypnea of the newborn, also known as fetal fluid retention
or “wet lung disease”, presents in the newborn as tachypnea in the first

hours of life, lasting up to a day. Tachypnea usually resolves within 48
hours



* Amniotic fluid is normally found in the lungs during birth and then
absorbed after birth. Prostaglandins also dilate the pulmonary
lymphatic vessels to absorb excess fluid. In transient tachypnea of the
newborn there is an accumulation of fluid in the lungs, thought to
result from reduced mechanical compression and reduced capillary
and lymphatic removal of amniotic fluid. This reduced clearance of
fluid from the lungs is why some have proposed that it is more
common in cesarean births because the chest compression that
would occur in a normal vaginal birth does not occur.




Radiological features

Plain radiograph

* interstitial edema - predominantly perihilar often seen as perihilar streakiness
 pleural effusions that are usually small

* mild to moderate cardiomegaly has been described rarely

* severe cases may have perihilar alveolar opacities

 normal chest radiograph by 48-72 hours postpartum

e Dblurred blood vessels



Frontal chest radiograph of a full-term neonate shows striated, perihilar linear densities, blurring of blood vessels and fluid in
the orichondral fissure (white arrow) along with a small effusion in the right costo-diaphragmatic sinus (red arrow), all of these
signs indicates fluid accumulation in the lungs




linear perihilar opacities, mild cardiomegaly, unclear vascular markings,
diffuse interstitial pulmonary edema, with a small right pleural effusion.




Frontal chest radiograph of a term newborn (left) shows linear, perihilar densities (white circles), blurring of blood vessels, and fluid in the
horizontal fissure (black arrow), suggestive of fluid in the lungs. Three days later (right), a frontal radiograph of the same child shows complete
clearance of the fluid and a normal chest radiograph.




Bronchopulmonary dysplasia (BPD)

e a chronic lung condition resulting from the use of high positive
pressure mechanical ventilation and high concentration oxygen in
neonates with respiratory distress syndrome (RDS). This condition is
defined as oxygen dependence at 28 days and is pathologically
characterized by inflammation, mucosal necrosis, fibrosis and
hypertrophy of airway smooth muscles. Radiography is the primary
imaging test for the diagnosis of BPD, but high-resolution computed
tomography (HRCT) may be useful in the further evaluation of BPD.



Radiological features

Plain X-ray

ill-defined reticular markings with interspersed rounded lucent areas diffusely involving hyperinflated lungs
e the lungs may have a relatively normal AP diameter on the lateral film
* the presence of cardiomegaly may indicate the development of pulmonary hypertension

* in chronic cases, the lateral film may show a much narrower AP diameter compared to the width of the chest
on the frontal film

CT

* Mosaic lung parenchymal pattern with areas of low attenuation and focal air trapping on expiratory HRCT
(considered the most sensitive finding for predicting severity)

* bronchial wall thickening (considered the most common finding)
« small triangular/linear subpleural opacities



In stage 1 (1-3 days), the pathological appearance of DBP is identical to that of hyaline
membrane disease and involves the presence of hyaline membranes, atelectasis,
vascular hyperemia, and lymphatic dilatation.

In stage 2 (4-10 days), destruction of the lungs due to stretching of the terminal
bronchioles results in ischemic necrosis of the airways, inducing immediate reparative
changes in the lungs. Bronchial obstruction is seen at this stage, and bronchial necrosis,
peribronchial fibrosis, and squamous metaplasia produce obliterative bronchiolitis.
!—Iyakl)ine mgmbranes may persist at this stage. Emphysematous coalescence of the alveoli
is observed.

Stage 3 (11-20 days) involves the progressive repair of the lung, with a decrease in the
number of alveoli, compensatory hypertrophy of the remaining alveoli and hypertrophy
of the muscles and glands of the bronchial wall. Clear cell regeneration and exudation of
alveolar macrophages and histiocytes into the airways are seen. Air trapping, pulmonary
hyperinflation, tracheomegaly, tracheomalacia, interstitial edema, and ciliary dysfunction
may be present.

In stage 4 (>1 month), emphysematous alveoli are seen. Pulmonary hypertension
ultimately results from chronic lung damage and results in cor pulmonale. Fibrosis,
atelectasis, cobblestone appearance due to uneven pulmonary aeration, and pleural
pseudofissures are often seen. Pulmonary thertension is caused by thickening of the
Intima of the pulmonary arterioles. Marked hypertrophy of peribronchiolar smooth
muscle is present.



e X-ray FINDINGS: Bilateral reticulonodular
changes, more Erominent on the right, with
effacement of the contour of the right
hemidiaphragm and heart border, air
bronchograms and hyperinflation of the left
lower area. No apparent atelectasis. The
widened superior mediastinum on the right
is most likely due to off-center projection
(see trachea and clavicles). Dilated small and
large intestinal loops.

* CONCLUSION: Given the history of a preterm
neonate with IRDS and consecutive
prolonged oxygenation therapy and normal
parameters of infection (normal CRP and
white blood cell count), the most likely

diagnosis is bronchopulmonary dysplasia
(BPD).




* Moderate bronchopulmonary dysplasia
in a 39.0-week-old infant born at 29.9
\évzeéeks' gestation with a birth weight of

g.

* Chest radiograph (A) shows mild
cardiomegaly.

e CT scan (B) at the level of the carina
shows hyperaeration (arrows) and
Barenchymal lesions in all segments of

oth uEper lobes. Transverse HRCT scan
(C) at the level of the hepatic dome
shows hyperaeration in the lateral and

osterior basal segments of the left
ower lobe (arrows) and parenchymal
lesions in the lateral and posterior basal
segment of the left lower lobe (arrows).




e Severe bronchopulmonary
dysplasia in a 54.7-week-old
infant born at 25.1 weeks'
gestation with a birth weight of
820 g. Chest radiograph (A)
shows mild cardiomegaly,
hyperexpansion, scattered
small reticulo-nodular
opacities

 HRCT scans of the carina (B)
and hepatic dome (C) show
hyperaeration and
parenchymal lesions in all
segments seen on the scan




CPAMSs

e Congenital pulmonary airway malformations (CPAMSs) are multicystic
masses of segmental lung tissue with abnormal bronchial
proliferation. CPAMs are considered part of the spectrum of
bronchopulmonary malformations of the foregut.

* Previously described as congenital cystic adenomatoid malformations
(CCAM).



Pathophysiology

* The condition results from abnormal bronchoalveolar development with a
hamartomatous proliferation of terminal respiratory units in a gland-like
pattern (adenomatoid) without adequate alveolar formation.

* Histologically, they are characterized by adenomatoid proliferation of
bronchiole-like structures and macro- or microcysts lined by columnar or
cuboidal epithelium and the absence of cartilage and bronchial glands.

* These lesions have intracystic communications and, unlike bronchogenic
cysts, may also have a connection with the tracheobronchial tree.



Five subtypes are currently classified, mainly depending on the size
of the cyst:

type |
most frequent: 70% of cases
- large cysts
- one or more dominant cysts: 2-10 cm in size
- may be surrounded by smaller cysts
type Il
15-20% of cases
cysts are <2 cm in diameter
associated with other anomalies
- renal agenesis or dysgenesis
- pulmonary sequestration

- congenital cardiac anomalies

type Il
~10% of cases

- microcysts: <5 mm in diameter

- usually involves an entire lobe

- has a worse prognosis
type IV

- unlined cyst

- usually affects only one lobe

- impossible to distinguish from type | on imaging
type O

- very rarely, lethal postnatally

- acinar dysgenesis or dysplasia:

represents the global arrest of lung development



Radiographic characteristics

The appearance of CPAMs will vary by type.
Prenatal ultrasound

* CPAM appears as an isolated cystic or solid intrathoracic mass. A solid chest mass usually indicates a type Ill CPAM and is usually
hyperechoic. There may be a mass effect where the heart may appear displaced to the opposite side. Alternatively, the lesion may
remain stable in size or even regress 5.

* Hydrops fetalis and polyhydramnios may develop and be detected on ultrasound as ancillary sonographic features 3.
Plain X-ray

* Chest radiographs in type | and Il CPAM may demonstrate a multicystic (air—fiIIedLIesion. Large lesions can cause a mass effect with
mediastinal displacement, depression, and even inversion of the diaphragm. In the early neonatal period, cysts may be completely
or partially filled with fluid, in which case the lesion may apPear solid or with air-fluid levels. Lesions may change in size on interval
imaging (extend from collateral ventilation through pores ot Kohn). Type Il lesions appear solid.

CcT

* CT has a number of roles in the management of CPAMs. First, it delineates more precisely the location and extent of the injury.
Second, and most importantly in surgical candidates, CT angiography is able to identify systemic arterial supply if present.

* The appearance reflects the underlying type, and a type Ill lesion may appear as consolidation.
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Meconial aspiration syndrome

* Meconium aspiration occurs secondary to intrapartum or intrauterine
aspiration of meconium, usually in the setting of fetal distress, often
in term or postterm infants



Radiological features

Plain X-ray
* increased lung volumes
. hyperinflated lungs with flattened hemidiaphragms
. secondary to distal small airway obstruction and gas trapping
. asymmetric irregular lung opacities due to subsegmental atelectasis
. pleural effusions may be seen
. pneumothorax or pneumomediastinum in 20-40% of cases
. due to increased alveolar pressure from obstructed airways

. multifocal consolidation due to chemical pneumonitis






Neonatal pneumonia

* It represents a lung infection that occurs in the first 28 days of life.

* PN can occur intrauterinely, during childbirth, as well as postpartum
or even nosocomially.

* Premature newborns are prone to PN.
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Congenital diaphragmatic hernia

* It represents a diaphragmatic defect that leads to the herniation of
the abdominal structures into the rib cage.

2 types: Bochdaleck (posterior) and Morgagni (anterior), very rarely
the congenital form of hiatal hernia.



The most common is the Bochdalek Type on the left side

HCD is a syndrome that includes:
The hernia
Pulmonary hypoplasia
Pulmonary immaturity
Hypoplasia of the right heart

Persistent pulmonary hypertension









Esophageal atresia

* EA is defined as the absence of continuity of the esophagus, with or
without communication with the trachea.

e Radiological, face and profile examination will confirm the position of
the tube and may show excessive pneumatization of the intestinal
loops in the first 6 hours postnatally if the EA is with fistula at the
distal end. If the atresia is pure, without a fistula, the abdomen is
opagque on the X-ray



Gross

lla

1%

b

4%




ok







Duodenal atresia

* Duodenal atresia results from a congenital malformation of the
duodenum and requires prompt correction in the neonatal period. It
is considered to be one of the most common causes of fetal intestinal
obstruction



Radiological features

Plain X-ray

* Abdominal radiographs may classically show a double-bubble sign, with distended gas-filled stomach and duodenum, absence of distal gas.

* The double bubble sign on an abdominal radiograph is a reliable indicator of duodenal atresia with an even higher positive predictive value in patients
with Down syndrome.

Barium study
* Barium contrast can sometimes be administered through an orogastric or nasogastric tube under fluoroscopy to evaluate the upper gastrointestinal

tract. Only a controlled amount of barium is placed to confirm the obstruction. It is then removed through the nasogastric tube to prevent reflux and
potential aspiration.

Ultrasound

* It may also show a dilated stomach and duodenum, giving a double-bubble appearance. This, however, may not be detectable sonographically until
the mid to late second trimester. It may also show evidence of polyhydramnios as an ancillary sonographic feature.

* If adouble-bubble sign is seen on antenatal ultrasound, then it is important to demonstrate a connection between the two fluid-filled structures, as
the foregut duplication cyst, as well as other abdominal cysts, can mimic the appearance of a double-bubble sign .









Necrotising enterocolitis

* It is one of the most frequent Gl emergencies of the newborn, being a
severe inflammatory condition that presents as a necrosis of the
mucosa or the submucosal layer of the intestinal wall.

* The distal ileus, proximal colon is most frequently affected, but the
whole intestine, including the stomach, can be affected.



Pneumatosis/ Pneumatisation !




Brain hemorrahges

* Germinal matrix hemorrhages, also known as periventricular-
intraventricular hemorrhages (PVIH), are the commonest type of
intracranial hemorrhage in neonates and are related to perinatal
stress affecting the highly vascularized subependymal germinal
matrix. The majority of cases occur in premature births within the
first week of life. They are a cause of significant morbidity and
mortality in this population.



Radiological Features

Ultrasound

* This is the investigation of choice since it is portable and does not require sedation. Germinal matrix hemorrhages appear as
echogenic regions close to the caudothalamic groove extending along the floor of the frontal horn of the lateral ventricle.

* |tisimportant to distinguish hemorrhage from the normal choroid plexus which is also echogenic. The caudothalamic groove acts
as a convenient landmark: echogenicity anterior to the groove represents blood as the choroid finishes at the groove 4.

CcT

. CPT may derlnonstrate high attenuating regions in keeping with hemorrhage which may or may not also be seen dependently within
the ventricles.

* With grade IV bleeds, large confluent regions of low density (venous infarction) and patchy regions of hyperdensity (hemorrhage)
are seen in the periventricular regions. They are typically flame-shaped 4.

MRI

* The appearance of the hemorrhage will vary according to the age of the bleed (see aging blood on MRI).
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