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KEY POINTS

� Magnetic resonance (MR) imaging can reliably identify lung nodules larger than 5 mm in children.

� MR imaging can permit accurate and dynamic evaluation of large airways.

� MR imaging is a valuable imaging modality to assess the progression of chronic lung diseases such
as cystic fibrosis.

� Future chest MR imaging techniques have a great promise for functional imaging of the lungs in pe-
diatric patients.
INTRODUCTION

In recent years, MR imaging with advanced imag-
ing techniques has been receiving a lot of atten-
tion mainly because of its ability to assess lungs
and airways in the pediatric population. Although
computed tomography (CT), which is regarded as
the gold standard imaging modality, provides
exquisite resolution of the anatomic structures of
the lungs and airways, it exposes the pediatric
patient to ionizing radiation. MR imaging has
been advocated as an adjunctive tool, particularly
in pediatric patients, for the evaluation of chest
pathology. In the past, the proton-poor environ-
ment, rapid signal dephasing, and respiratory
motion presented significant obstacles for wide-
spread adoption and clinical use of MR imaging
lung studies. Nevertheless, by optimizing proto-
cols and tailoring them to the individual pediatric
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patient and with the clinical question at hand,
MR imaging can now provide excellent visualiza-
tion of the relevant anatomy and pertinent
abnormalities. The future of chest MR imaging
includes a greater emphasis on functional infor-
mation. The use of hyperpolarized gases, where
available, provides excellent imaging of lung
ventilation. Upcoming technologies, such as
Fourier decomposition, promise the ability to pro-
vide functional perfusion and ventilation data
without the use of intravenous or inhaled contrast
agents. The overarching goal of this article is to
provide up-to-date information regarding MR im-
aging techniques for practical assessment of
lungs and airways in the pediatric population.
Furthermore, several pediatric thoracic disorders
involving the lungs and airways that can be eval-
uated with advanced MR imaging techniques are
highlighted.
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EVALUATION OF LUNG PARENCHYMAL
ABNORMALITIES
MR Imaging Protocol

A fundamental MR imaging protocol evaluating the
lung parenchyma includes a gradient recalled echo
(GRE) multiplanar localizer, coronal T2 single-shot
half Fourier turbo spinecho (HASTE), axial 3-dimen-
sional (3D) GRE T1, coronal balanced steady-state
free precession (true fast imaging with steady-
state precession), and axial short tau inversion re-
covery.1,2 One can complete this practical MR
imaging examination in less than 25 minutes. If
necessary, postcontrast imaging with a 3D GRE
T1-weighted sequence with fat saturation can pro-
vide information regarding enhancement charac-
teristics. Pediatric patients with difficulty after
breathing instructions because of their young age
or critical condition often benefit from a sequence
that does not rely on breath holds such as an axial
T2 periodically rotated overlapping parallel lines
with enhanced reconstruction (PROPELLER/
BLADE) performed with the patient free breathing.

Consolidation and Infection

Although CT remains the gold standard for evalu-
ation of parenchymal lung abnormalities, the ability
to characterize lung abnormality without exposing
the child to ionizing radiation has propelled
research into the use of alternative technology.3

Several studies have shown that ultrasonography
can diagnose peripherally located lung consolida-
tion as well as or better than radiography.4–6 How-
ever, chest ultrasonography becomes more
difficult with increasing age because the
acoustic windows become more limited with
increasing ossification of the skeletal structures.7
Fig. 1. Pneumonia. (A) Frontal chest radiograph demons
lung base. (B) Coronal short tau inversion recovery MR im
the right lower lobe corresponding to the consolidative o
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Furthermore, deep parenchymal abnormalities
surrounded by aerated lung go undetected by
ultrasonography because of dissipation of the
ultrasound beam by the air interface. For these
reasons, the use of MR imaging to aid in the diag-
nosis of lung abnormalities has been evaluated by
multiple investigators.8,9 Although CT provides
greater spatial resolution than MR imaging, the
use of multiple sequences offers characterization
of tissue beyond the limits of CT.10

Studies have shown that MR imaging can detect
pneumonia and other consolidative processes in
the lungs (Figs. 1 and 2). A prospective study
comparing 1.5T MR imaging using fast T1 and T2
imaging sequences with radiography for the
detection of pneumonia proved that the 2 modal-
ities were comparable.11 A comparison of different
MR pulse sequences showed that HASTE was the
best sequence for the detection of lung consolida-
tion.2 In addition to the consolidation, MR imaging
can also detect complications of pneumonia such
as necrosis/abscess and pneumonia.
Other studies have compared MR imaging with

CT, the current gold standard, and shown that
the former is a high-sensitivity examination for
evaluation of lung abnormalities. In one recent pro-
spective trial of 71 pediatric patients in which
patients underwent both CT and MR imaging eval-
uation within 24 hours, diagnostic accuracy of MR
imaging was 97% compared with that of CT. The
only undiagnosed lung findings were a single
case of mild bronchiectasis and another case
with a pulmonary nodule measuring 3 mm that
went undetected.12 In addition, this study demon-
strated excellent interobserver reliability between
2 readers, suggesting the robustness of this
technique.
trates focal consolidative opacity (arrow) in the right
age demonstrates a T2-hyperintense focus (arrow) in
pacity (see Fig. 1A) in this region.
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Fig. 2. Round pneumonia in an 8-year-old girl who
presented with fever and cough. Coronal short tau
inversion recovery MR image demonstrates a round
consolidative opacity (arrow). Follow-up chest radio-
graph obtained after treatment demonstrated inter-
val resolution.
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Although MR imaging is unlikely to define the
causative agent in infection, clues gleaned from
the imaging may help narrow the differential diag-
nosis in cases in which additional imaging is per-
formed for problem solving. Lung necrosis in
tuberculosis, for example, can appear low in signal
intensity on fluid-sensitive sequences likely
because of the underlying caseating necrosis
associated with Mycobacterium.13 Iron deposition
within foci of Aspergillus infection has also been
associated with low signal on MR imaging.14

Certain infections such as those caused by Echi-
nococcus result in a characteristic appearance.
Fig. 3. (A) Hydatid cyst in a 15-year-old boy with known p
elevated white blood cell count, and opacity in the rig
enhanced CT image shows large cystic lesion (asterisk) in th
infection. (B) Axial T2-weighted MR image shows large cys
ing to the finding in Fig. 3A. (From Gorkem SB, Coskun A,
orders: comparison of unenhanced fast-imaging sequen
Roentgenol 2013;200:1354; with permission.)
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The resultant hydatid cysts present as cystic
masses, often with smaller daughter cysts.15 A
T2-hypointense rim has been described in these
cystic masses and should at least raise the possi-
bility of this diagnosis (Fig. 3).16
Lung Masses

Congenital lung masses constitute a group of
developmental disorders affecting lung paren-
chyma in vascular and airway development.17

The diagnosis of congenital lung masses including
sequestration and congenital pulmonary airway
malformations (CPAMs) is increasingly being
made prenatally with the use of fetal ultrasonogra-
phy as a screening tool.18 Also, fetal MR imaging
can provide additional information in the evalua-
tion of these abnormalities. In the neonatal period,
thoracic MR imaging further aids in characteriza-
tion of these masses and confirms prenatal diag-
noses.19,20 The use of T2-weighted sequences
often permits reliable differentiation between
normal and abnormal lung masses. In addition,
T2-weighted imaging can help in identifying cystic
components within these masses.21 However,
large air-filled cysts may go unrecognized on MR
imaging because of the lack of signal.

MR imaging may also identify feeding vessels
and draining veins associated with congenital
lung malformation such as pulmonary sequestra-
tion.22 Although one can identify flow voids on
multiple MR sequences, MR angiography with
postprocessed 3D images best illustrates feeding
vessels, as in the case of a pulmonary sequestra-
tion wherein the anomalous arterial vessels arise
from the aorta.23 Recent research has suggested
that bronchial atresia lies on the same spectrum
ulmonary hydatid infection who presented with fever,
ht lower lung on chest radiographs. Axial contrast-
e right lower lobe consistent with pulmonary hydatid
tic lesion (asterisk) in the right lower lobe correspond-
Yikilmaz A, et al. Evaluation of pediatric thoracic dis-
ce 1.5T MRI and contrast enhanced MRI. AJR Am J
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as these other types of congenital lung
masses.24,25 The atretic bronchus is a mucous-
filled tubular structure, which is both T1 and T2
hyperintense. Other signs of bronchial atresia
such as subtle air trapping, however, likely go
unnoticed on MR imaging using standard proto-
cols. The improved spatial resolution of CT
compared with that of MR imaging and the ability
to visualize air-filled structures and associated
complications such as trapped air are a large
part of the reason that CT remains the preferred
modality for imaging diagnosis and surgical plan-
ning.26 Nevertheless, the use of a proton-density-
weighted GRE sequence with short repetition
time(TR) and echo time (TE) and slice thickness
between 5 to 8 mm can often allow detection of
trapped air.
Primary lung neoplasms occur far less

frequently in the pediatric population than in adults
and are less common than metastatic dis-
ease.27,28 A list of relatively rare diagnoses in this
category includes entities such as papillomas, my-
ofibromas, hemangiomas, and hamartomas.
Mesenchymal hamartomas are masses that arise
from the chest wall, but on presentation may
seem as if they arise from the lung (Fig. 4). These
masses constitute no risk of metastatic or recur-
rent disease and therefore require no treatment
unless symptomatic.29 Characteristic MR imaging
features of the mesenchymal hamartomas include
hemorrhagic fluid levels within secondary aneu-
rysmal bone cysts and calcification seen as hypo-
intense signal on MR imaging.
Pathologists often classify inflammatory myofi-

broblastic tumors as benign pulmonary neo-
plasms, although these lesions sometimes
recur or act aggressively.29 These masses often
Fig. 4. Mesenchymal hamartoma. (A) Axial T1 postcontras
ment within this well-defined left lower chest wall mass (a
gical excision. (B) Coronal T2-weighted MR image shows
internal foci of T2 prolongation and areas of susceptibilit
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constitute a diagnostic and clinical dilemma
because of their behavior. The other name for
this lesion, inflammatory pseudotumor, also indi-
cates that not all pathologists are convinced that
these masses are neoplastic. MR imaging features
of inflammatory myofibroblastic tumors include
low signal on T1, high signal on T2, and homoge-
neous enhancement (Fig. 5).30

Malignant primary lung neoplasms also present
in a variety of forms. Pleuropulmonary blastomas
are uncommon malignancies with both mesen-
chymal and epithelial components that can present
like CPAMs.31,32 Numerous other pediatric primary
lung malignancies can, although rarely, arise de
novo, with a full discussion of these cancers lying
beyond the scope of this article (Figs. 6 and 7).
Metastatic Pulmonary Nodules

Use of MR imaging for the detection of pulmonary
nodules remains an alluring goal because many
pediatric patients with cancer require routine sur-
veillance for detection of lung recurrence or metas-
tases. In these pediatric patients, the cumulative
radiation dose of chest imaging may prove signifi-
cant.33,34 Furthermore, these patients may
possess increased sensitivity to the damaging
effects of radiation with predisposition to devel-
oping new malignancies because of prior therapy
or congenital sensitivity, such as in pediatric
patients with ataxia telangiectasia. Consequently,
replacement of routine surveillance CT scans with
MR imaging would allow continued evaluation
without exposing the child to additional risks.
MR imaging can reliably detect lung nodules

larger than 5 mm (Fig. 8).12 Other studies suggest
that MR imaging becomes less sensitive for
t MR imaging demonstrates heterogeneous enhance-
rrow) that proved a mesenchymal hamartoma on sur-
a left lower lobe heterogeneous mass (arrow) with

y corresponding to known calcifications.
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Fig. 5. Myofibroblastic tumor. Axial T1 postcontrast
MR image shows homogeneous enhancement in the
large lingular mass (asterisk).
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detection of lung nodules smaller than 3 mm
(sensitivity of 73%) (Fig. 9).35 A known limitation
in MR imaging evaluation concerns calcified lung
nodules. Calcification results in susceptibility-
related loss of MR imaging signal intensity. Conse-
quently, calcified nodules, which would be easily
identified on CT, become occult on MR imaging.
The improved tissue contrast, however, may add
additional information regarding the cause of the
nodule not evident on other imaging. The use of
diffusion-weighted MR imaging has been sug-
gested to also aid in both detection and character-
ization of malignant nodules.36,37
Interstitial Lung Disease

The use of MR imaging for the evaluation of inter-
stitial lung disease remains in an early stage of
development. Few studies have compared it to
the current radiological gold standard, high-
resolution CT.38–40 Nevertheless, T2-hyperintense
areas that do not obscure the vascular markings
correspond to ground glass opacity seen on
CT.41 Curvilinear bands and parenchymal
Fig. 6. (A) Pulmonary nodules in a 12-year-old girl with l
strates multiple right-sided pulmonary nodules. These pu
lymphoma. (B) Coronal T2-weighted MR image shows the
the left lung are noted posteriorly.
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distortion can also be visualized with MR imaging.
The strength of MR imaging for interstitial lung dis-
ease, however, potentially resides in exploiting
different signal characteristics of tissue to distin-
guish between active inflammation and fibrosis
with inflamed tissue appearing T2 hyperintense.
Rapid enhancement kinetics also seems to favor
active inflammation.42 Additional studies are
necessary before MR imaging can play a pivotal
role in evaluating interstitial lung disease.39
EVALUATION OF AIRWAYS

Appropriate evaluation of the airway depends on
an assessment of the level of the problem.
Either the large airways or the small airways
can be involved, each with their own
pathologic conditions and each requiring different
approaches.

Small airways disease is radiologically defined
by direct signs, such as bronchiectasis, bronchial
wall thickening, and mucous plugging, as well as
by indirect signs such as trapped air. Bronchiec-
tasis, bronchial wall thickening, and mucous plug-
ging can be assessed by T2-weighted sequences,
either in breath hold (HASTE/single-shot fast spin
echo) or in free breathing (PROPELLER/BLADE)
methods. However, the diagnostic accuracy of
these techniques for detecting bronchiectasis
and mucous plugging at the periphery of the lung
is currently lower compared with that of CT
(Fig. 10). In fact, the level of the bronchi, bronchial
diameter, wall thickness, and signal within the
lumen all affect the ability of the radiologist to
make the diagnosis.43,44 Air trapping assessment
with MR imaging is not as reliable as with CT.1

The increased air content because of air trapping
results in low-signal areas barely distinguishable
from the surrounding normal lung parenchyma.
One can partially improve detection of air trapping
by using large voxel sizes and short TR/TE
ymphoma. Axial noncontrast chest CT image demon-
lmonary nodules were proved by biopsy to represent
pulmonary nodules (arrows). Extensive atelectasis of
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Fig. 7. (A) Epithelioid hemangioendothelioma in a 10-year-old boy. Axial noncontrast CT image demonstrates
numerous bilateral pulmonary nodules of varying sizes. (B) Axial T2-weighted MR image of the chest demon-
strates numerous bilateral pulmonary nodules correlating with the CT findings (see Fig. 7A).
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(Fig. 11).45 Finally, new techniques such as Fourier
decomposition have recently shown promising re-
sults for improving the sensitivity of MR imaging
for air trapping.46

Pathologic condition of the large airway can be
subdivided into static and dynamic processes.
Most large airway processes fall into the static
category with tracheobronchial branching
Fig. 8. (A) Metastatic Wilms tumor in a 2-year-old boy. A
masses (arrows) in the right lung representing “cannonbal
sion recovery (STIR) MR image again demonstrates the lar
with findings seen on CT image (see Fig. 8A). (C) Metastatic
shows bilateral smaller pulmonary nodules showing high
A, et al. Evaluation of pediatric thoracic disorders: compa
and contrast enhanced MRI. AJR Am J Roentgenol 2013;2
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anomalies, bronchial atresia, tracheal stenosis,
neoplasm, and infection residing in this category.
MR imaging is well suited for the evaluation of
these abnormalities and does not require radically
new techniques. The air-filled large airways pro-
vide a natural contrast to the surrounding soft tis-
sue because of the paucity of signal (Fig. 12). By
tracing the black areas representing air in the
xial contrast-enhanced CT image demonstrates large
l” metastases in Wilms tumor. (B) Axial short tau inver-
ge cannonball metastases (arrows) corresponding well
Wilms tumor in a 3-year-old girl. Axial STIR MR image

signal intensity. (From Gorkem SB, Coskun A, Yikilmaz
rison of unenhanced fast-imaging sequence 1.5T MRI
00:1352–7; with permission.)
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Fig. 9. Pulmonary nodule in a 6-year-old boy with Li-
Fraumeni syndrome who underwent whole body MR
imaging. Coronal T2-weighted MR image of the chest
and abdomen demonstrates a 3-mm T2-hyperintense
right lower lobe lung nodule (arrow).
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airway, radiologists can reliably evaluate the air-
ways to the proximal subsegmental branches
assuming a high-quality examination without sig-
nificant artifact.22

MR Imaging Protocol

Although the previously discussed fundamental
lung protocol can also address many airway-
Fig. 10. (A) Cystic bronchiectasis in a 5-year-old girl. Axial
ectasis, more prominent on the right. Fluid levels are note
MR image of the chest demonstrates the same cystic and c
the airways is again seen and better visualized on MR im
Turkey; and [B] From Yikilmaz A, Koc A, Coskun A, et al.
MRI with fast imaging sequences at 1.5T with chest ra
permission.)
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related issues, additional sequences add useful
information. A 3D spoiled gradient recalled echo
(SPGR) sequence allows evaluation of lung anat-
omy and measurement of the airway. PD-
weighted SPGR helps to depict the tracheal
contours that are largely surrounded by medias-
tinal fat. Dedicated views of the large airways
with improved spatial resolution may be obtained
by using this sequence on a smaller field of view.
Breathing maneuvers can be trained using an
MR-imaging-compatible spirometer (Fig. 13).47

The purpose of the training is to monitor and stan-
dardize breathing maneuvers and to reduce anxi-
ety related to the MR imaging investigation,
thereby increasing the probability of a successful
MR imaging examination. Patients receive
adequate training before the examination by a
lung function technician who also triggers the im-
age acquisition by closely interacting with the
MR imaging technician during the scan.

Tracheobronchomalacia

Dynamic large airway pathology, by definition,
changes over time and requires time-resolved im-
aging for diagnosis. Tracheobronchomalacia is the
most common dynamic large airway process and
occurs as a result of excessive narrowing or
collapse of the airway during the respiratory cycle.
Weakness in the airway walls and cartilage results
in greater than 50% narrowing of the luminal area
during expiration in affected pediatric patients.48

Bronchoscopy can directly visualize the airway
collapse; however, this is an invasive proce-
dure.49,50 Radiography with inspiratory and expira-
tory views as well as cine fluoroscopy can also
attempt to visualize the abnormality; however,
CT image demonstrates cystic and cylindrical bronchi-
d in some of the ectatic airways. (B) Axial T2-weighted
ylindrical bronchiectasis. The layering fluid (arrows) in
age. ([A] Courtesy of Dr Sureyya B. Gorkem, Kayseri,
Evaluation of pneumonia in children: comparison of
diographs. Acta Radiologica 2011;52(8):914–9; with
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Fig. 11. Air trapping in a pediatric patient with
asthma. Axial 3D spoiled gradient echo MR image ob-
tained at expiration using a thick slice, low matrix,
and short TR/TE shows air trapping (arrows) in the su-
perior segment of the left lower lobe. Fig. 13. MR-imaging-compatible spirometer. Mouth-

piece of an MR-imaging-compatible spirometer is
standing on a plastic tripod within the MR imaging
suite.
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they are limited in sensitivity compared with bron-
choscopy.51 Furthermore, radiography exposes
the patient to ionizing radiations. CT, which
remains the gold standard of noninvasive imaging
of tracheobronchomalacia, allows excellent visu-
alization of the affected anatomy, but it requires
at least two phases (inspiratory and expiratory),
thus exposing the patient to overall increased radi-
ation.52 In addition to exquisite visualization of the
airway, CT demonstrates associated pulmonary
findings such as air trapping.53 The use of volu-
metric CT reduces the administered radiation
Fig. 12. Airway anatomy in a 5-year-old boy. Sagittal
T2-weighted MR image shows the nasopharynx (black
solid arrow), oropharynx (black dotted arrow), hypo-
pharynx (white dotted arrow), and trachea (white
solid arrow).
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dose while permitting dynamic CT evaluation, but
it does not eliminate the radiation exposure.54,55

Spirometer-controlled cine MR imaging pro-
vides an alternative noninvasive imaging modality
to evaluate for tracheobronchomalacia without
exposing the pediatric patient to ionizing radia-
tions.47 Four-dimensional time-resolved imaging
of the same field of view during specific breathing
maneuvers, such as forced expiration, best elicits
the collapse point in patients with tracheomalacia
(Figs. 14 and 15).

Cystic Fibrosis

Despite the lower spatial resolution of MR imaging
compared with that of CT, the improved tissue
characterization provided by different MR imaging
sequences suggests that it may play an increas-
ingly important role in certain patient populations
Fig. 14. Tracheomalacia. Time-resolved imaging of
contrast kinetics/Time-resolved angiography With
Intercalated Stochastic Trajectories (TRICKS/TWIST) in
the sagittal plane demonstrates the dynamic appear-
ance of the airway during forced expiration. A total
of 48 frames are collected in 22 seconds for a tempo-
ral resolution of 500 milliseconds. Trachea completely
collapses in the third image (arrow).

ity from ClinicalKey.com by Elsevier on October 30, 2018.
pyright ©2018. Elsevier Inc. All rights reserved.



Fig. 15. Bronchomalacia. Axial PD-weighed MR image
obtained during forced expiration demonstrates
collapse (arrow) of the left main stem bronchus. Of
note, patent right main stem bronchus is seen at this
level.
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such as those afflicted with cystic fibrosis.56

Patients with cystic fibrosis undergo numerous
imaging studies throughout their lives to better
assess progression of their disease and determine
management. In an effort to quantify disease pro-
gression and identify abnormalities before
changes in pulmonary function tests, multiple
scoring systems have been used, which rely on
different imaging modalities including radiog-
raphy, CT, and now MR imaging. Most of these
scoring systems evaluate similar parameters
including bronchiectasis, mucous plugging, lung
Fig. 16. Cystic fibrosis in a 17-year-old girl. (A) Axial T2-we
ectasis, right lung more severely affected than the left lun
seen in the right upper lobe. (B) Coronal T2-weighted MR i
bronchiectasis, mucous plugging, and consolidative opaci
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volumes, and parenchymal changes, with some
investigators suggesting that bronchiectasis is
the most important parameter.57 Recent studies
have attempted to validate MR imaging scoring
systems by comparing with the CT equivalent
and have shown that the results are comparable,
suggesting that one may follow-up patients with
cystic fibrosis less frequently with ionizing radia-
tion examinations and perform MR imaging
instead.58

In addition to simply proving comparable to CT,
MR imaging can provide additional diagnostic
data that are not available from CT. For example,
although CT shows bronchial wall thickening
well, it cannot characterize the underlying cause.
The improved tissue contrast of MR imaging
shows T2 hyperintensity within the bronchial wall
if it is edematous and shows gadolinium enhance-
ment in cases of active inflammation (Figs. 16 and
17).22 The presence of air fluid levels within a
dilated bronchus indicates contemporaneous
infection. Although parenchymal changes such
as consolidation and air bronchograms are seen
just as well in MR imaging as in CT, the ability to
directly assess lung function is unique to MR imag-
ing. As cystic fibrosis destroys lung parenchyma
and impairs ventilation, reflexive vasoconstriction
occurs (Euler-Liljestrand reflex). Contrast-
enhanced MR perfusion imaging demonstrates
perfusion defects that correlate with diseased
lung and precede the morphologic changes
(Fig. 18).56

Direct visualization of small airways diseasemay
ultimately be better performed with hyperpolarized
ighted MR image shows bilateral upper lobe bronchi-
g. Bronchial wall edema and mucous plugging is best
mage demonstrates bilateral upper-lobe-predominant
ties. (Courtesy of Goffredo Serra, MD, Rome, Italy.)
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Fig. 17. Cystic fibrosis. (A) Axial noncontrast CT image demonstrates bronchiectasis and bronchial wall thick-
ening, which is most evident in the lingula. (B) Axial T2-weighted MR image redemonstrates the bronchiectasis
(arrows). The bronchial walls are thickened and edematous.
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gas imaging or oxygen-enhanced imaging, 2
different investigational techniques that may even-
tually become part of the clinical evaluation of pa-
tients with small airways disease.22,59
FUTURE DIRECTIONS

Hyperpolarized gas is a tool currently in the
research stage that allows radiologists to over-
come the limitations of low 1H MR imaging signals
because of the low proton density in gas-filled
lungs. Instead of obtaining MR signal from pro-
tons, the MR scanners operate at radiofrequencies
sensitive to the resonant frequencies of either
129Xe or 3He nuclei, gases that are inhaled by the
patient immediately preceding the scan. Both
hyperpolarized gases (ie, 129Xe and 3He) produce
excellent image quality, although the higher
atomic weight of 129Xe could make this agent
more sensitive to airflow abnormalities. Further-
more, significant differences in the tissue
Fig. 18. Cystic fibrosis. (A) Coronal PROPELLER/BLADE prot
ectasis and mucous impaction in the right upper lobe, wh
trapping (white oval). (B) Coronal TRICKS/TWIST, dynamic
manipulation image shows the same area of lung structur
Goffredo Serra, MD, Rome, Italy.)
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permeability of 3He (impermeable) and 129Xe
(very permeable) offer different and possibly com-
plementary information regarding lung structure
and function. The safety and efficacy of this tech-
nique suggest that it may soon enter into routine
clinical practice particularly nowadays with ad-
vances in polarizer technology.60

Fourier decomposition is a new MR technique
that provides perfusion and ventilation images
without administration of intravenous or gaseous
contrast agents. This technique uses a high-
temporal-resolution steady-state free preces-
sion sequence to acquire thick slab coronal
images in free breathing conditions. The images
are first lined up using a nonrigid registration al-
gorithm. Next, by computing voxelwise Fourier
decomposition of the time series, the signal orig-
inating from the blood perfusion is separated
(decomposed) from the signal related to the
breathing cycle (Fig. 19). A recent study with
Fourier decomposition has proved that this
on-density-weighted MR image shows area of bronchi-
ich results in low parenchyma intensity because of air
magnetic resonance angiography (MRA) with k-space
al changes that is hypoperfused (arrows). (Courtesy of
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Fig. 19. (A) Air trapping detected in Fourier decomposition MR image. Coronal balanced steady-state free pre-
cession/true fast imaging with steady-state precession demonstrates bilateral upper-lobe-predominant bronchial
wall thickening and bronchiectasis, which result in air trapping (low signal). (B) Ventilation defect detected in
Fourier decomposition MR image. Ventilation map demonstrates decreased ventilation (arrows) in the lung
apices compared with the lung bases. (C) Perfusion defect detected in Fourier decomposition MR image. Perfu-
sion map shows that the bilateral lung apices are also hypoperfused (arrows). (Courtesy of Giovanni Morana, MD,
PhD, Treviso, Italy.)
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technique is feasible in pediatric populations
and may represent an elegant alternative to
intravenous contrast agents and hyperpolarized
gases.46
SUMMARY

The performance of high-quality thoracic MR
imaging in the pediatric population requires close
attention to patient preparation, which includes
patient selection, protocol optimization, and
appropriate sedation strategies. In addition, it
also requires a clear understanding of the basic
physics principles as well as the appearance of
varied pathologic entities. Although the learning
curve may appear steep, the potential rewards
of added diagnostic information without the cost
of radiation exposure to the child provide excel-
lent motivation to incorporate thoracic MR imag-
ing into daily practice. Current applications have
already proved its practical value, and future
applications have a great potential to improve its
importance and encourage its widespread use.
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