
part of

Contemporary imaging of the 
pediatric chest

  REVIEW

The purpose of this review is to describe contem-
porary ways to image the pediatric chest, using 
newer technologies in an appropriate cost-effec-
tive and time-effective manner. Furthermore, 
imaging according to the ‘as low as reasonably 
achievable’ radiation dose principles is of utmost 
importance in contemporary pediatric imag-
ing. This review will attempt to address recent 
advances in the major types of imaging tech-
nologies as they apply to pediatric chest imaging. 
This will encompass contemporary approaches 
to imaging pulmonary, chest wall and medias-
tinal disorders. Conventional plain film radiog-
raphy, ultrasound, CT, including both high-res-
olution CT (HRCT) and helical multidetector 
CT (MDCT) imaging, as well as thoracic MRI 
will be discussed in a perspective that will apply 
these modalities in a clinically useful way that 
minimizes radiation exposure.

Conventional radiography
For several decades, the conventional chest radio-
graph consisted of screen-film combinations of 
traditional radiographic film placed inside a 
light-proof cassette with an internal chemical 
lining, which emitted light on exposure to radia-
tion. Contemporary computerized radiography 
has replaced the conventional film with a latent 
image, stored in the cassette’s chemical lining, 
which is read by a laser beam that transfers the 
latent analog image to a digital version. This 
is then processed by computer algorithms that 
produce a digital image, which can be manipu-
lated digitally and disseminated through picture 
archive and computer storage systems. Newer sys-
tems are capable of acquiring the image through 
the use of a complex array of electrodes embedded 

in selenium, resulting in a more direct digital 
image [1]. At the current time, the utility of these 
direct digital imaging units is limited by their 
use in designated radiography rooms, however, 
portable units will probably be available soon.

These new systems are now widely used in 
both adult and pediatric imaging departments 
[2]. They have many advantages and some disad-
vantages for pediatric applications [3]. The most 
significant advantage is the ability to acquire, 
process and store images in a digital fashion. The 
rate of film loss has plummeted, as the wider lati-
tude of digital systems can permit the successful 
creation of a diagnostic image despite technolo-
gist or hardware error, and the resultant drop 
in the rate of repeat examinations results in a 
wide-scale decrease in radiation exposures [3,4]. 
Most systems have algorithms that can detect 
the relative amount of incident radiation, thereby 
permitting more accurate measurements of the 
radiation dose to the child [5]. Furthermore, it is 
suspected that the dissemination and availabil-
ity of the image to all clinical services involved 
in the care of the child has probably resulted in 
improved patient care [6]. In addition, there are 
some financial as well as environmental cost sav-
ings in that darkroom chemicals are no longer 
needed. However, these systems are more expen-
sive to acquire, and significantly more expensive 
to maintain [4,7]. Teams of well-trained and tech-
nologically savvy personnel are now required to 
ensure the smooth functioning of most picture 
archives and computer storage systems. Fairly 
large computer storage and backup servers are 
also required. These factors must be weighed 
against increased overall physician efficiency and 
improved patient care.

Contemporary imaging technologies mirror the technological revolution that we are currently experiencing. 
Changes in technological capabilities are occurring faster than medical research can investigate and 
establish ‘evidence-based’ practices. Indications for newer and more technologically sophisticated imaging 
procedures are multiplying. Since most new technologies are applied initially to the adult population and 
subsequently adapted to the pediatric population, accepted pediatric indications frequently lag significantly 
behind their adult counterparts.
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There are relatively few definitive studies 
analyzing digital radiography of the lungs as it 
applies to children. There is little question as 
to the subjective preference most radiologists 
have to the sharper and clearer images provided 
by either computerized or direct digital images 
(Figure 1) [8]. However, while contemporary radio-
graphic practice has adopted digital imaging 
for pediatric pulmonary diseases as a generally 
beneficial imaging technique, this adoption has 
occurred with little critical analysis [9].

In the initial stages of the introduction of 
digital imaging to pediatric applications, the 
few studies comparing conventional images 
with digital images were performed in highly 
focused areas. Don et  al. performed an ani-
mal-based study to demonstrate equivalent 
accuracy at pneumothorax detection between 
the two modalities, proposing that the ani-
mal model could simulate neonatal imaging 
[10]. Nakano  et  al. compared computerized 
radiography chest images and conventional 
film–screen images performed within 24 h of 
each other on 20 premature infants with hya-
line membrane disease and found ‘comparable’ 
results [11]. Similarly, Kleinman et al. assessed 
the ability of digital radiography to detect rib 
fractures removed at autopsy from abused chil-
dren and found that despite the lower spatial 
resolution of digital systems, the improved 
contrast resolution available with computerized 
systems permits equivalent performance of these 
systems to conventional high-detail film–screen 
systems [12].

While image quality is always a concern, 
recent pediatric imaging studies, in general, 

have concentrated on the crucial issue of radia-
tion dose reduction. This issue has been given 
broad attention in both the medical and lay 
literature [13]. Although this issue has more 
significant repercussions when dealing with 
the relatively larger doses administered during 
pediatric CT examinations, the quest to reduce 
dose is being addressed throughout all imag-
ing techniques. At least one study has reviewed 
the potential for radiation dose reduction with 
the use of digital imaging over conventional 
film–screen imaging, finding that, while more 
significant dose reductions are possible with 
abdominal, skull and pelvic imaging, modest 
reductions are possible in chest examinations 
in imaging centers that have used slower speed 
systems in the past [14]. While not producing 
tangible results, others have claimed a poten-
tial dose reduction of up to one third with the 
use of some computerized radiography systems 
[15]. A recent pediatric digital radiology summit 
reviewed the significant obstacles that exist in 
evaluating radiation doses administered with 
digital imaging [16]. The measurement of the 
absorbed dose itself has not been standardized 
among vendors of the imaging equipment, orga-
nized educational programs to teach technolo-
gists how to use the equipment appropriately 
have not been organized, and the tendency to 
increase radiation dose for each examination to 
provide a clearer (although not necessarily more 
diagnostic) image, the so-called ‘dose-creep’ fac-
tor [8], are all issues that were addressed as major 
hurdles to ensuring an optimal application of 
the ‘as low as reasonably achievable’ principle 
to digital plain film imaging. 
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Figure 1. Frontal chest radiographs on the same child approximately 2 years apart. 
(A) Performed with a ‘computerized radiography’ system. (B) Performed with a ‘direct’ digital image 
system. The ‘direct’ digital image system demonstrates the anatomic detail more clearly.
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Computer-assisted diagnosis, 
dual-energy imaging & digital 
tomosynthesis
Once an image has been acquired digitally, one 
of the most significant advantages is the ability to 
manipulate the data through various computer-
ized programs and postprocessing algorithms. 
These systems include computer-assisted diag-
nosis, dual-energy imaging and digital tomosyn-
thesis. Unfortunately for pediatric imagers, those 
who have developed most of these systems have 
targeted their applications to the adult popula-
tion. As such, the detection and evaluation of 
parenchymal nodules in the quest to diagnose 
lung cancer and nodular metastases at their earli-
est stages has occupied many of those innovative 
physicists and imagers who are adept at digital 
image development. For example, computer-
assisted diagnosis is a research technology that 
uses complex computer algorithms that rely on a 
combination of computerized “…elaborate image 
processing, pattern recognition and artificial 
intelligence” [17]. The primary end point for the 
computer program is to accurately detect pul-
monary nodules on the plain radiograph. While 
many studies have evaluated these systems in the 
adult, there is very little published concerning 
pediatric applications, mostly because nodule 
detection is not a primary diagnostic end point in 
most pediatric disease states. In the adult, these 
systems generally are, at the current time, lim-
ited by high false-positive and false-negative rates 
[18]. In one of the few pediatric series, Helm et al. 
found a fairly poor overall detection rate of 38%, 
although this did improve to 80% if the nod-
ules were greater than 4 mm, which compared 
positively with the radiologist overall sensitiv-
ity rate of 70–80% [19]. Similarly, the physics of 
dual-energy imaging system technologies seem 
to be primarily directed towards an end point 
most important to adult imagers. This imaging 
technique uses two different incident beam ener-
gies, exploiting the differential beam absorption 
of calcium in contrast to soft tissue. The result 
is the ability to individually and independently 
display calcific contents in contrast to soft tissue 
contents of the same image. The most attractive 
application is in the detection of calcification 
within a pulmonary nodule, thereby differenti-
ating the nodule as a likely benign granuloma in 
contrast to a potential malignancy. In addition, 
this technique allows the imager to separate over-
lying structures of the thoracic cage from intra-
parenchymal structures [20,21]. The advantage is 
gained at a cost of a slightly higher radiation dose 
to the patient.

Digital tomosynthesis, however, uses an imag-
ing geometry similar to conventional, somewhat 
antiquated tomography, whereby a computer-
controlled moving x‑ray tube source is matched 
to a digital detector [17,22]. This results in the 
ability to blur anatomy at different depths while 
keeping the anatomy at a predetermined depth 
in focus. This application has great potential 
to detect pulmonary nodules in addition to 
parenchymal anatomy at different depths in the 
image. This has widespread repercussions in a 
variety of tissues, especially in imaging bone 
detail. This method of imaging only requires a 
slight increase in radiation dose to the child, and 
may reduce overall dose if this technique is able 
to limit the use of CT in selected cases. However, 
digital tomosynthesis, dual-energy imaging and 
computer-assisted diagnosis remain in the stage 
of translational research, without widespread 
clinical acceptance in most pediatric academic 
imaging centers.

�� Typical indications
�� General purpose radiography

�� General clinic and emergency room 
radiography

Ultrasound
At first thought, it would seem that the physics 
of the ultrasound beam’s inability to propagate 
through air would limit the utility of this tech-
nology in the pediatric chest. Nevertheless, as a 
relatively inexpensive, portable, real-time and 
radiation-free technology, it is very attractive to 
maximize its application to evaluating certain 
specific pathologies within the pediatric chest. 
Furthermore, most contemporary ultrasound 
units carry the ability to examine vascular flow 
characteristics through the use of Doppler tech-
nology. Improvements made to image quality, 
anatomic resolution and Doppler interrogation 
have resulted in fairly widespread and established 
uses of this technology in the evaluation of a 
number of pediatric intrathoracic disease states.

While CT and MRI excel in their relative 
abilities to provide excellent and sophisticated 
displays of normal and pathological anatomy, 
sonography can be an elegant imaging modal-
ity that can answer a host of clinical problems. 
Furthermore, most machines are portable, 
allowing bedside imaging for many of the most 
complicated and sick neonates and infants. It 
is performed in a real-time and multiplanar 
fashion, providing dynamic answers to ques-
tions of function (e.g., diaphragmatic motility). 
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However, most attractive of all is the fact that 
it is radiation free, a key concern in the more 
radiation-susceptible child.

The application of sonography to imaging the 
noncardiac aspects of the chest began initially 
as an extension of abdominal sonography in 
the 1970s [23,24]. It was rapidly apparent that 
both mediastinal structures and pleural effu-
sions at the lung bases could be easily examined 
by using various creative sonographic windows. 
This application has gained widespread accep-
tance and is now used as the initial imaging 
modality of choice in children with suspected 
pleural collections, or extensive thoracic opaci-
fication on standard chest radiograph [25,26]. 
Sonography easily differentiates simple pleural 
collections from complex collections, a finding 
which alone guides subsequent management in 
the case of infected empyemas and parapneu-
monic fluid collections (Figure 2). While the vari-
ous therapeutic options, including draining by 
percutaneous image-guided thoracostomy tube 
placement versus video-assisted thoracoscopic 
drainage, and whether or not fibrinolytics are 
indicated, remain a matter of debate, the deci-
sion is now significantly based on the results 
of the initial sonographic examination [26–32]. 
Furthermore, the initial study in the setting of a 
completely opacified hemithorax can differenti-
ate infectious consolidation from an underlying 
neoplasm as the causative source of the collec-
tion [23,25,26]. 

Sonography has been widely used in the initial 
investigation of suspected parenchymal congeni-
tal anomalies. The diagnosis of the classic sys-
temic feeding vessel in lower thoracic lesions in 
children can characterize the lesion as either a 
sequestration or a ‘hybrid’ lesion, which in effect 
establishes the lesion as a congenital malforma-
tion. A somewhat complex controversy among 

radiological, surgical and pathological circles 
has arisen with the increase in the incidence 
of prenatally detected congenital lesions [33–35]. 
Since the debate involves the potential need for 
surgical resection of asymptomatic lesions, CT 
has assumed a central role in evaluating the char-
acteristics of the lesion, in order to determine if 
gross pathological changes of cystic adenomatoid 
malformation may be present. Until the natural 
history of asymptomatic lesions, in general, and 
in more specific, cystic adenomatoid malforma-
tions, is clarified, it is likely that most congenital 
pulmonary lesions will undergo postnatal CT 
for better characterization [36–39]. 

Another accepted and widely used application 
of sonography is in the evaluation of diaphrag-
matic activity and juxtadiaphragmatic structures 
[23,26,27,40–42]. Children with perinatal brachial 
plexus injuries may suffer phrenic nerve injury. 
However, in most tertiary settings, this applica-
tion is most widely used for children who have 
undergone open thoracotomy for cardiac surgery 
and may demonstrate postoperative diaphrag-
matic elevation on plain film, or who may be 
inexplicably difficult to wean from ventilation. 
A bedside dynamic study can be performed, 
documenting as well as quantifying diaphrag-
matic activity by using ‘M’ mode Doppler tech-
nology. In this way, normal, paretic or paralytic 
diaphragmatic activity can be documented, the 
latter of which may require surgical placation 
(Figure 3). Similarly, this application can be used 
to differentiate the various severities of diaphrag-
matic eventrations. The use of sonography in 
children with congenital diaphragmatic hernia 
can be challenging. The actual documentation 
of the gap in a diaphragm can be quite difficult. 
However, the secondary changes of the pres-
ence of abdominal viscera in the chest are easily 
identifiable.

B C DA

Figure 2. TITLE. (A & B) Sonographic images of parapneumonic fluid collections, differentiating a relatively uncomplicated empyema 
(C & D) from a complex, septated empyema.
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Evaluation of chest wall or palpable masses 
is uniquely suited to the sonographic examina-
tion, as these lesions usually do not have aer-
ated lung situated between the lesion and the 
ultrasound transducer. However, chest wall 
lesions that demonstrate aggressive features on 
plain chest radiography (e.g., rib erosion, peri-
osteal elevation) will probably require further 
imaging with CT or MRI in order to stage 
what may subsequently prove to be malignant. 
Nevertheless, a large number of chest wall lesions 
in children carry a fairly high pretest likelihood 
of being benign. Overall, up to 94% of chest 
wall masses in children are of benign etiology 
[43]. These include soft-mobile lesions, lesions 
with vascular discoloration and prenatally diag-
nosed cystic lesions. Vascular malformations, 
most commonly lymphatic malformations or 
hemangiomas, constitute the most common 
thoracic wall lesions in childhood [44].

Lymphatic malformations are the most com-
mon cervico–thoracic masses of childhood, 
with 50% diagnosed at birth and 90% diag-
nosed before school age. In addition, the chest 
wall constitutes the site of 25% of all pediatric 
lymphatic malformations [45]. Sonography is an 
excellent initial mode of investigation for these 
lesions, which are easily identified by their cystic, 
fluid-filled nature and may only require further 
imaging if they are extensive in order to delin-
eate their complete anatomic extent. Typically, 
they are avascular and devoid of internal flow 
on Doppler examination, although they may 
have thin internal septae that can contain 
Doppler f low (Figure  4). The more extensive 
lesions require MRI to fully evaluate the extent 
of the lesion and the potential involvement of 
regional structures. Also, infantile proliferative 
hemangiomas are found in approximately 18% 

of all infants. Most are small, superficial and 
require no treatment, although they may grow 
rapidly in the first year of life, gradually invo-
lute, and undergo fatty degeneration, with 50% 
gone by age 5 years [46]. At ultrasound examina-
tion, they are solid, lobulated and echogenic. At 
Doppler interrogation they are typically highly 
vascular (Figure 5) [26,47,48].

Similarly painless, asymptomatic palpable 
thoracic cage deformities are not uncommon 
throughout the general population, including 
children. These are most commonly due to rib 
or cartilaginous costochondral anatomic vari-
ants, which require no intervention. Sonography 
has been established as the initial investigation 
modality of choice owing to its lack of radiation, 
requiring no further imaging in most cases [49]. 

�� Typical indications
�� Juxtaphrenic solid lesions

�� Pleural collection analysis

�� Opaque hemithorax

�� Diaphragmatic motion

�� Chest wall masses

CT
Contemporary CT technology has progressed 
rapidly in recent years. Fortunately, much of the 
progress has been directed to aspects of CT tech-
nology that make CT an even more attractive 
modality for pediatric applications. Improved 
multiple detector array technology coupled with 
more rapid scan times and rapid contrast power 
injectors have resulted in improved image resolu-
tion as well as a precipitous drop in the need for 
sedation [50]. Artifacts due to patient motion in 
smaller or uncooperative children, respiratory 

A B

Figure 3. TITLE. (A) Real-time ‘M’ mode sonographic tracings demonstrating normal motion of the diaphragm towards the transducer 
in inspiration (B) from paralytic paradoxical motion of the diaphragm away from the transducer in inspiration.
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motion and cardiac activity can all be mini-
mized with more rapid scan times. Sophisticated 
reformatting and reconstruction computer 
algorithms permit the ability to maximize the 
manipulation of the raw data into images that 
can provide even further diagnostic information. 
More recent attention to CT radiation concerns 
have resulted in published and even vendor sup-
plied, dose modulation techniques. CT, for all 
practical purposes, remains the mainstay imag-
ing technology for most pediatric indications 
that require comprehensive anatomic analysis 
of the lungs and cardiovascular structures at the 
same time. 

HRCT
HRCT provides a relatively lower dose applica-
tion of CT imaging, primarily designed to image 
the smaller structures of the lung parenchyma to 
a better extent. The actual technology is simple; 

thinner slice imaging reduces volume averaging, 
coupled with a highly edge-enhanced algorithm 
results in a higher conspicuity of smaller struc-
tures. As most indications are for children with 
diffuse parenchymal abnormalities, only repre-
sentative samples of the lung need to be imaged, 
resulting in the ability to provide a diagnostic 
examination at a fraction of the usual chest 
CT dose [51,52].

For the established indicat ion of 
bronchiectasis, there has been widespread 
acceptance that HRCT is the gold standard to 
diagnose the extent and degree of bronchiecta-
sis, be it in the child with cystic fibrosis [53,54], 
immune deficiency [55], ciliary dyskinesia, or 
any of the various other causes of bronchiecta-
sis in children (Figure 6) [56]. However the most 
significant difficulty with HRCT images in 
children is in understanding the pathologic 
processes that usually initiate the request for 

A B C

Figure 4. High resolution sonographic images. Typical findings of a lymphangioma with multiple cystic spaces separated by thin 
septa, (C) the latter of which may demonstrate Doppler flow.

A B

Figure 5. TITLE. (A) Grayscale and (B) color Doppler images of a superficial chest wall lesion 
demonstrating the typical lobulated, echogenic findings in an infantile hemangioma. Avid color 
Doppler flow is typically seen (B).
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the CT. In recent years, there has been an over-
all acceptance that the usual ‘alphabet soup’ of 
established interstitial or diffuse lung diseases 
has limited applicability to pediatrics [57]. This 
has led to confusion regarding the indications 
and interpretations of imaging the child with 
diffuse lung disease [51]. Diagnostic accuracy of 
image interpretation has been negatively affected 
by widespread confusion over what diagnostic 
entities actually exist in children. Earlier studies 
have suggested that approximately 50% of cases 
could still remain without a definitive diagnosis, 
even after lung biopsy [58]. HRCT images that 
demonstrate characteristic changes that were 
similar to the adult carried favorable accuracy 
rates of 90–100%. These included a ‘normal’ 
study, bronchiolitis obliterans, alveolar proteino-
sis and pulmonary lymphangiectasia [59–61].

A more recent and somewhat revolutionary 
approach by a number of pediatric pathologists, 
pulmonologists and respirologists, who evalu-
ated a large number of biopsies, CT scans and 
clinical charts of children with idiopathic diffuse 
lung disease. This group, subsequently called the 
chILD consortium, published a summary of 
their findings in an attempt to organize pediatric 
diffuse lung disease into defined, and somewhat 
uniquely pediatric, entities [57,62]. Using this as a 
new template for diagnosis, the role of HRCT in 
accurately determining these new entities is yet to 
be established. For example, a recently described 
pathological entity in smaller children, neuroen-
docrine cell hyperplasia of infancy, is progres-
sively being recognized on HRCT owing to its 
fairly characteristic central- and middle-lobe 
ground glass appearance [63]. Similarly, alveolar 
proteinosis has been described as a pathological 
entity seen in association with congenital surfac-
tant deficiency states such as ABCA-3 deficiency. 
The HRCT finding of ‘crazy paving’ has been 
shown to be associated with alveolar proteinosis 
(Figure 7) [64,65]. Nevertheless, established indica-
tions for HRCT persist. While HRCT may not 
be able to determine a pathological diagnosis, 

useful clinical indications include the ability to 
determine the presence of disease in a child with 
a normal chest radiograph despite persistently 
unexplained diffuse symptoms/findings (e.g., 
wheezing, severe or atypical asthma, abnor-
mal pulmonary function tests), to determine 
the extent/character of disease in a child with 
diffusely abnormal but nonspecific chest x‑ray 
findings, as a guide for appropriate site of biopsy, 
to help characterize a source of infection, as a 
modality to monitor response to administered 
therapies, in children who are at risk for bronchi-
olitis obliterans such as bone marrow transplant 
recipients, and in children with systemic disor-
ders known to predispose to parenchymal lung 
disease (e.g., mixed connective tissue disorder, 
sarcoidosis, histiocytosis).

�� Typical indications for HRCT
�� Bronchiectasis

�� Diffuse lung disease

�� Diffuse small airways disease (e.g., bronchi-
olitis obliterans)

MDCT
Multidetector helical scanning technology is 
now the generally accepted standard for com-
bined imaging of both the pulmonary paren-
chyma and mediastinal structures. It is the single 
most useful imaging modality for complicated 
abnormalities that involve the cardiovascular 
structures of the mediastinum, airway and lung 
parenchyma (Figure 8) [66–72]. Various technologi-
cal innovations in CT imaging, including the 
addition of multiple synchronous x‑ray detectors, 
slip-ring gantry capabilities and concomitant 
table motion, have revolutionized CT imaging. 
These innovations result in true, noninterpo-
lated data acquisition from all three axes of the 
patient. Coupling these technologies to timed, 
intravenous contrast power injectors as well 
as to dedicated computer reconstruction algo-
rithms has resulted in complex, sophisticated, 

Figure 6. TITLE. Multiple high-resolution CT images from a child with cystic fibrosis demonstrating multifocal bronchiectasis (arrow) and 
small ‘tree-in-bud’ nodules (circle), a finding suggesting atypical mycobacterial superinfection. 
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multiplanar, reformational and 3D reconstruc-
tion capabilites. The added value of progressively 
shorter scan times is a critical issue to pediatric 
imaging as faster scan times can diminish arti-
facts from breathing and cardiac motion. More 
importantly, faster scan times require less time 
‘on the table’, diminishing the need for sedation 
for smaller or uncooperative children. The pre-
cipitous drop in pediatric CT sedation rates with 
MDCT is a significant clinical advantage [50,73], 
especially to children with chest disorders that 
can compromise respiratory function. 

Many of the indications for adult CT pul-
monary angiogram, including the evaluation 
for pulmonary embolism and post-thoracic 
traumatic indications, are very applicable in the 
pediatric setting (Figure 9) [74–76]. Specific pedi-
atric indications for MDCT in children are 
numerous. Chest CT will remain the modality 

of choice for oncological staging, as it is the most 
sensitive modality to detect small parenchymal 
metastases. As noted previously, it will probably 
remain the most definitive study for evaluation 
of the characteristics of congenital pulmonary 
anomalies until a more definitive approach to 
the requirement for surgical resection of these 
entities is established. It remains the mainstay 
modality of imaging the anatomy of pulmonary 
parenchymal disorders until MRI matures at 
imaging detailed pulmonary anatomy.

This general applicability unfortunately 
resulted in a somewhat uncontrolled increase in 
CT use until the hallmark articles by Brenner 
et al. raising significant concerns over the rate of 
CT use and the CT-delivered radiation doses, 
potentially resulting in up to 500 new can-
cers per year over the lifetime of the children 
examined [13]. These calculations originated 
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Figure 8. TITLE. (A & B) Standard axial images demonstrating an enhancing mass in the left lower lobe fed by a large systemic vessel 
from the lower descending aorta (red arrow). Off axis maximal intensity projection (C) and surface-shaded 3D projection demonstrate 
the feeding artery and anomalous draining pulmonary vein (blue arrow) to better advantage.

Figure 7. TITLE. High-resolution CT findings characterized as the ‘crazy paving’ pattern of alveolar proteinosis, a pattern now 
understood to be consistent with congenital surfactant deficiency in the infant.
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from estimations of the lifetime cancer risk to 
the survivors of Hiroshima who were exposed 
to lower radiation doses during the bombing. 
The subsequent reaction among the medical and 
lay communities has been impressive, including 
campaigns by the various pediatric imaging soci-
eties and the Alliance for Radiation Safety, (the 
so called ‘as low as reasonably achievable’ prin-
ciples and the Image Gently campaign), which 
have resulted in large-scale conferences and cam-
paigns aimed at lowering administered CT doses 
and re-evaluating indications for pediatric CT 
[77]. Interestingly, as initial MDCT architecture 
expanded from four detectors to eight, to 16 and 
up to 120 detectors, radiation doses increased 
concomitantly. However, recent studies are sug-
gesting that the latest multidetector technology 
using an architecture of 320 detectors can reduce 
scan times to under 1 s and can provide dose 
reductions of up to 40% over previous MDCT 
architectures [78].

�� Typical indications for MDCT
�� Mediastinal masses

�� Mediastinal vascular malformations

�� Congenital lung malformations

�� Tumor staging for pulmonary metastases

�� Pulmonary embolus

�� Pulmonary rheumatologic disease

�� Infection screening in immunocompromised 
host

�� Complicated pulmonary infections

MRI
MRI is a modality that is continuously undergo-
ing change, as a significant amount of research 

resources are applied to the various technical 
capabilities of the modality. The attraction to 
use MRI in pediatric disorders has increased 
with the acceptance that CT carries a poten-
tially significant radiation risk, while MRI, 
when performed appropriately, appears to have 
little if any significant independent risk. Most 
of the potential risks from an MRI examination 
appear to be related to sedation and contrast use. 
The need for sedation will persist until estab-
lished MRI protocols are sufficiently short, as 
they are for most MDCT examinations, to obvi-
ate the need for a sleeping patient. Ironically, 
the need for sedation in imaging chest disor-
ders is frequently the most significant obstacle 
to optimal imaging. By necessity, many chest 
disorders compromise cardiorespiratory reserve, 
either through direct parenchymal disease or 
through compression of vital structures. It is 
in these children where the risk of performing 
an adequate MRI exam needs to be weighed 
against the potential radiation risk from the 
performance of a CT examination, the latter 
of which is a more dependabe diagnostic tool 
that is rapid enough that most children will not 
require sedation. While the longer overall scan 
time of the MRI examination continues to be 
a challenge, ongoing research into sequences 
that can be performed in progressively shorter 
scan times will probably eventually result in a 
gradual displacement of CT in favor of MRI for 
many clinical applications. Rapid, flow-sensitive 
and contrast-enhanced sequences are currently 
under investigation to examine regional pul-
monary flow dynamics in the lung. Regional 
differences in perfusion can be detected earlier 
than using pulmonary function testing [79]. 
MRI investigation of pulmonary embolism is 

A B C

Figure 9. TITLE. (A) Axial and (B & C) reconstructed maximum intensity projections in a young teenager demonstrating a saddle 
embolus in the main pulmonary artery branches (red arrow) and extensive segmental thrombotic emboli (blue arrow).
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also a current area of investigation, although 
this application will probably take some time 
to reach the pediatric level, as MDCT for pul-
monary embolism in children has only recently 
been somewhat validated [80].

The second major obstacle to anatomic pul-
monary imaging in both the child and the adult 
is the difficulty inherent to pulmonary anatomy. 
The low physical density of water molecules in 
the lung combined with the rapid degradation 
of signal from increased magnetic susceptibility 
from tissue interfaces and the relatively limited 
anatomic resolution result in anatomic imaging 
that has been inferior to that which be achieved 
with CT [81,82]. Therefore, it has been a very 
significant challenge to image smaller paren-
chymal processes, such as interstitial or diffuse 
lung diseases, small nodular processes (such as 
for tumor staging), and processes that diminish 
the parenchymal structures, such as emphysema 
or air trapping. While more rapid T

2
‑weighted 

breath-hold imaging techniques are being inves-
tigated, most investigators suggest sequences 
using half fourier acquisition single-shot turbo 
spin-echo or rapid gradient sequences in the 
axial and coronal planes. Furthermore, 3 T field 
strength imaging has excellent potential, as has 
been shown in recent imaging work in children 
with primary ciliary dyskinesia [83,84].

Other recent work in imaging pediatric lung 
anatomy has focused on disease processes that 
involve relatively larger areas of pulmonary air-
space disease or larger airways disease, such as 
cystic fibrosis. As noted previously, there is a 
significant body of evidence developing which 
suggests that MRI can detect early zones of 
altered perfusion in regions of significant airway 
disease before pulmonary function testing can 

detect any abnormalities [79]. In addition, MRI 
can evaluate complicated lung infections with 
internal necrosis as seen in tuberculous disease 
[85] and can detect large airway bronchiectasis-
associated changes in cystic fibrosis and primary 
ciliary dyskinesia demonstrating similar CT 
grading scores to HRCT [83,86]. 

MRI has replaced the traditional CT exami-
nation for many selected applications. For exam-
ple, the initial investigation of choice for a child 
with a posterior mediastinal mass is currently the 
MRI examination [72,87,88]. This study will be 
able to image the internal characteristics of the 
mass, the extent of regional involvement includ-
ing potential intraspinal extension (Figure 10) and 
the vascularity of the mass in lesions suspected 
to be in the pulmonary sequestration spectrum. 
Similarly, chest wall masses that are not iden-
tifiable by sonographic examination are best 
evaluated by MRI rather than by CT. The soft 
tissue contrast provided by MRI can evaluate 
bony and soft tissue masses to a significantly 
better extent than CT, differentiating soft tis-
sue structures more effectively and differentiat-
ing cortical from intramedullary bone disease 
more optimally [72,89,90]. Although most aggres-
sive lesions will require CT for ultimate staging, 
the current requirement for CT staging really 
only exists for the evaluation for pulmonary 
metastases. MRI still does not image small pul-
monary nodules optimally, as the spatial resolu-
tion of MRI is exceeded by the capability of CT 
to image small structures. Currently accepted 
limitations suggest that parenchymal nodules 
of less than 5 mm are not reliably appreciated 
at MRI examination [82,90,91]. 

MRI has, however, provided a new modal-
ity to perform functional pulmonary imaging. 

A B C

Figure 10. TITLE. (A) Initial chest radiograph demonstrates a large posterior mediastinal mass with associated rib and spinal changes at 
T 10–11. (A) Axial and (B) coronal  images from the MRI examination, confirming the erosive bone changes and intraspinal invasion of 
the child’s neuroblastoma.
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Pulmonary vascular flow studies have been stan-
dardized using MR angiographic techniques to 
capably image the major arterial and venous 
structures of the thorax in the adult. Also, ven-
tilation maps have been generated using various 
inhaled agents including oxygen, hyperpolarized 
helium and nebulized gadolinium [92]. These 
techniques carry the promise of radiation-free, 
sophisticated functional pulmonary imaging. 
Yet even those authors who are most experienced 
with these techniques admit the previously men-
tioned practical challenges still limit widespread 
acceptance of these procedures to replace CT 
for most pediatric anatomic applications [93–97].

�� Typical indications
�� Chest wall masses

�� Posterior mediastinal masses

�� Cardiovascular imaging

Future perspective
Any attempt to look into the future with respect 
to innovative technologies is, admittedly, a bit of 
a guessing game. The rapidity of technological 
changes in our era is increasing faster than previ-
ously imaginable. However, if we use bench and 
translational research as a source of our future 

capabilities, it would seem that the technological 
innovations that are being devised in MRI are 
developing at a faster rate than any other single 
modality. Patient cooperation and anatomic 
resolution are today’s limiting factors. Faster 
imaging sequences will probably soon result in 
the same precipitous drop in sedation rates that 
occurred with widespread application of MDCT. 
Anatomic resolution limitations will probably be 
quickly overcome. The issues of radiation dosage 
are likely to become obsolete with the transfer 
of most imaging to MRI. Functional MRI will 
soon replace nuclear medicine imaging of the 
lungs, resulting in a radiation-free future for 
complex cardiopulmonary imaging and function 
in children. Amazingly enough, this not only 
seems to be idyllic, but it seems to be inevitable.
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Executive summary

Conventional radiography
�� There has been widespread acceptance of computerized radiography and direct digital imaging systems.
�� There is a general paucity of substantiating literature.
�� It is generally assumed that digital imaging, combined with picture archive and computer storage systems, has resulted in improved 

patient care.
�� Use of the dose-creep factor to improve image has resulted in recent summit to address digital imaging dose considerations in children.
�� Newer systems, including computer assisted diagnosis, dual energy and tomosynthesis are in translational stage.

Ultrasound
�� Presents the following attractive features to pediatric imaging:

-- Radiation-free, portable, dynamic, Doppler capability, inexpensive
�� The use of ultrasound has received widespread acceptance for the following indications:

-- Pleural fluid imaging
-- Chest wall lesions
-- Juxtadiaphragmatic lesions especially congenital anomalies
-- Diaphragmatic motion and integrity

Multidetector CT
�� Multidetector CT is a mainstay imaging technique for pulmonary parenchyma, mediastinal structures and airways.
�� The role of high-resolution CT in diffuse lung disease is still being elucidated with recent reclassification of diffuse pediatric diseases.
�� There is extensive interest in establishing relative indications and dose protocols with widespread acceptance of radiation risk to the 

more sensitive pediatric patient.

MRI
�� Slow progress has been made in imaging pediatric noncardiac chest with MRI due to the following drawbacks:

-- Need for sedation
-- Difficulty imaging lung in general owing to poor signal
-- Widespread acceptance for posterior mediastinal tumor imaging and chest wall imaging
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