European Radiology (2019) 29:4544-4554
https://doi.org/10.1007/500330-019-06042-w

CHEST m

. . . Check for
Agreement between magnetic resonance imaging and computed updates

tomography in the postnatal evaluation of congenital lung
malformations: a pilot study

Salvatore Zirpoli' @ - Alice Marianna Munari' - Alessandra Primolevo? - Marco Scarabello® - Sara Costanzo” -

Andrea Farolfi® - Gianluca Lista® - Elena Zoia” - Gian Vincenzo Zuccotti’ - Giovanna Riccipetitoni* - Andrea Righini’

Received: 27 August 2018 /Revised: 20 December 2018 / Accepted: 24 January 2019 /Published online: 22 February 2019
© European Society of Radiology 2019

Abstract

Objectives To compare postnatal magnetic resonance imaging (MRI) with the reference standard computed tomography (CT) in
the identification of the key features for diagnosing different types of congenital lung malformation (CLM).

Methods Respiratory-triggered T2-weighted single-shot turbo spin echo (ss-TSE), respiratory-triggered T1-weighted turbo field
echo (TFE), balanced fast field echo (BFFE), and T2-weighted MultiVane sequences were performed at 1.5 T on 20 patients
prospectively enrolled. Two independent radiologists examined the postnatal CT and MRI evaluating the presence of cysts,
hyperinflation, solid component, abnormal arteries and/or venous drainage, and bronchocele. Diagnostic performance of MRI
was calculated and the agreement between the findings was assessed using the McNemar-Bowker test. Interobserver agreement
was measured with the kappa coefficient.

Results CT reported five congenital pulmonary airway malformations (CPAMs), eight segmental bronchial atresias, five
bronchopulmonary sequestrations (BPS), one congenital lobar overinflation, one bronchogenic cyst, and three hybrid lesions.
MRI reported the correct diagnosis in 19/20 (95%) patients and the malformation was correctly classified in 22/23 cases (96%).
MRI correctly identified all the key findings described on the CT except for the abnormal vascularization (85.7% sensitivity,
100% specificity, 100% PPV, 94.1% NPV, 95% accuracy for arterial vessels; 57.1% sensitivity, 100% specificity, 100% PPV,
84.2% NPV, 87% accuracy for venous drainage).

Conclusions MRI can represent an effective alternative to CT in the postnatal assessment of CLM. In order to further narrow the
gap with CT, the use of contrast material and improvements in sequence design are needed to obtain detailed information on
vascularization, which is essential for surgical planning.

Key Points

* Congenital lung malformations (CLMs) can be effectively studied by MRI avoiding radiation exposure.

* Crucial features of CLM have similar appearance when comparing CT with MRI.

* MRI performs very well in CLM except for aberrant vessel detection and characterization.

Keywords Lung malformation - Cystic adenomatoid, congenital - Magnetic resonance - Pediatrics - Bronchopulmonary
sequestration

P4 Salvatore Zirpoli Department of Pediatric Surgery, ASST Fatebenefratelli-Sacco
salvatore.zirpoli@asst-fbf-sacco.it Milano, Children’s Hospital V. Buzzi, Via Castelvetro 32,

20154 Milan, Italy
Pediatric Radiology and Neuroradiology, ASST Departm?nt of Pgdiatn'cs, ASST Fatebenefratelli-Sacco Milhano,
Fatebenefratelli-Sacco Milano, Children’s Hospital V. Buzzi, Via Children’s Hospital V. Buzzi, Via Castelvetro 32, 20154 Milan, Italy
Castelvetro 32, 20154 Milan, Italy % Neonatal Intensive Care Unit, ASST Fatebenefratelli-Sacco Milano,
Radiology, Ospedale della Murgia F. Perinei, Altamura, BA, Italy Children’s Hospital V. Buzzi, Via Castelvetro 32, 20154 Milan, Italy

Postgraduate School in Radiodiagnostics, Universita degli Studi di Pe@iatric’lntensiye Care Uni't, A_SST Fatebenefratelli-Saccov Milano,
Milano, Via Festa del Perdono 7, 20122 Milan, Italy Children’s Hospital V. Buzzi, Via Castelvetro 32, 20154 Milan, Italy

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-019-06042-w&domain=pdf
http://orcid.org/0000-0002-1790-4618
mailto:salvatore.zirpoli@asst-fbf-sacco.it

Eur Radiol (2019) 29:4544-4554

4545

Abbreviations

BPS Bronchopulmonary sequestration

CLM  Congenital lung malformation

CLO Congenital lobar overinflation

CPAM Congenital pulmonary airway malformation

CT Computed tomography
MRI Magnetic resonance imaging

Introduction

Congenital lung malformations (CLMs) represent a large
spectrum of abnormalities of the pulmonary development with
different clinical and radiological features; they can be found
as isolated malformations, separately affecting bronchi, lung
parenchyma, pulmonary arterial supply, and venous drainage;
otherwise, they can appear as hybrid malformations, merging
features of different anomalies.

The most common CLMs are congenital pulmonary airway
malformations (CPAMs), bronchopulmonary sequestration
(BPS), bronchial atresia, bronchogenic cyst, and congenital lo-
bar overinflation (CLO); all together they account for more than
95% of all lung malformations. The annual incidence of CLM
is between 30 and 42 cases per ten thousand newborns [1-5].
The etiology is still unknown, although the most accepted the-
ory hypothesizes that they derive from an aberrant obstruction
of the developing bronchus. Variations in onset time, grade, and
location of the obstruction can explain the variability in the
severity of the resulting distal lung dysplasia [1, 2].

Nowadays in developed countries, almost all CLMs are
diagnosed in the prenatal period [6], but they show great var-
iability in their outcomes and clinical evolution. For these
reasons, all patients with a prenatal diagnosis of CLM undergo
postnatal contrast-enhanced chest computed tomography
(CT) to confirm and better characterize the lung abnormalities.
Postnatal CT is generally performed between 3 and 6 months
of life, whereas only in symptomatic patients CT is performed
in the first days or in the first month of life [7].

CT is considered the gold standard technique to study
CLM, providing the most detailed information for therapeutic
management [8—10], especially thanks to supplemental
multiplanar and three-dimensional reconstructions [11]; nev-
ertheless, it carries the risks deriving from ionizing radiation,
particularly relevant in this age group [12—14].

For the last few years, radiation-free imaging techniques, such
as chest ultrasound and magnetic resonance imaging (MRI),
have been used more and more to evaluate pediatric pulmonary
and mediastinal diseases and the indications for the use of MRI
instead of CT in pediatric lung diseases have increased. Few
studies have been published regarding the comparison between
MRI and CT in the study of pneumonia and its complications,
tumors, and cystic and non-cystic fibroses [15-19]. However,

comparative studies between MRI and CT in postnatal evalua-
tion of CLM have not been reported yet.

The purpose of this pilot prospective study is to compare
postnatal CT and MRI in the postnatal evaluation of CLM.

Materials and methods

This single-center prospective study was approved by the
Institutional Ethics Committee. Informed written consent
was prospectively obtained from the parents of all children.

Study population

From November 2013 to August 2017, all consecutive pa-
tients with a prenatal diagnosis of CLM, confirmed by prena-
tal ultrasound and subsequent prenatal MRI examinations and
listed for a postnatal CT scan, were enrolled.

All children underwent postnatal MRI and CT scans with
sedation (deep sedation in spontaneously breathing patients,
obtained with thiopental (Sodium Pentothal), at the dose of 3—
7 mg/kg, according to our hospital protocol). Sedation time,
for our purposes, was not different between CT and MRI since
patients spontaneously transition from a deep sedation to a
shallower sleep-like state (after the initial effective dose) that
was equally effective in providing motion-free images. All
patients gradually awakened from sedation under direct mon-
itoring. The scanned area extended from the thoracic inlet to
the plane of the renal arteries for both techniques. Time lapse
between MRI and CT was 0-186 days (median 42.5 days); in
nine patients, both MRI and CT were performed on the same
day, under the same round of sedation.

MRI protocol

All children underwent a 1.5-T MRI (Achieva Dual; Philips)
with a two-channel body coil (SENSE FLEX M) in supine
position without contrast injection, using 3—4-mm slice thick-
ness sequences.

MRI images were obtained with the following sequences:
respiratory-triggered T2-weighted single-shot turbo spin echo
(ss-TSE) sequences with short decreasing TE in axial, coronal,
and sagittal planes (TR/TE, 1100 ms/120-70-60 ms; flip angle,
90°; in-plane resolution 0.9 mm?); respiratory-triggered T1-
weighted turbo field echo (TFE) inversion prepulse sequences
(TR/TE, 10 ms/4.6 ms; flip angle, 15°; in-plane resolution
1.1 mm?) in axial planes; and balanced fast field echo
(BFFE) sequences (TR/TE, 3.9 ms/1.96 ms; flip angle, 60°;
in-plane resolution 0.9 mm?) in axial and coronal planes.

In four patients, T2-weighted MultiVane sequences (TR/
TE, 1850 ms/100 ms; isotropic FOV and voxel; flip angle,
90°; in-plane resolution 1.1 mmz) were also performed, along
with fat suppression (TR/TE, 2285 ms/80 ms; isotropic FOV
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and voxel; flip angle, 90°; in-plane resolution 1.1 mmz) in
axial and coronal planes.
The mean scan time was about 30 min.

CT protocol

All CT studies were performed with a 16-slice CT scanner
(Siemens, Somatom Sensation 16 CT scanner) with a single
acquisition after contrast injection. All CT studies were per-
formed with the following parameters: 0.75-mm collimation,
80 kVp, 25-40 mA (related to the patient’s weight) with
CARE Dose 4D, tube rotation time of 0.5 s, and pitch of
1.0; computed tomography dose index (CTDIvol) range was
0.7-1.1 mGy and dose-length product (DLP) range was 8-
15 mGy cm.

CT images were reconstructed with a 1-2-mm slice thick-
ness in axial, coronal, and sagittal planes, with pulmonary and
mediastinal window. Minimum intensity projection (MinIP)
and volume rendering (VR) reconstructions were also
performed.

All patients received a nonionic contrast medium
(Iopromide (Ultravist) 370 mg I/mL, Bayer) at the dose of
2 mL/kg and injection rate of 1-2 mL/s, using a dual-head
injector (Ulrich Medizintechnik). The contrast injection was
followed by a saline chaser of 4-8 mL at the same injection
rate. Scan was set to start after the end of contrast injection.

MRI and CT image analysis

Two independent pediatric radiologists, with 10 and
5 years of experience in pediatric thoracic radiology re-
spectively, independently reviewed MRI and CT examina-
tions of each patient in two different sessions filling a
database. All MRI and CT images were analyzed on a
PACS workstation (Impax, Agfa-Gevaert) after removing
patients’ identifying information. Both pediatric radiolo-
gists first reviewed all MRI images while the correspond-
ing CT images were reviewed in a different session.
Patients’ examinations were displayed in random order
during both reading sessions, which were separated by
4 weeks to avoid recall bias.

The observers were blinded to prenatal tests, the evolution
of malformation in prenatal time, and postnatal clinical eval-
uation or diagnostic tests (ultrasound, chest X-ray).

The presence of CLM was assessed on a per-lobe and per-
lung basis. When multiple lung malformations were present in
the same patient, they were counted as separate when affecting
different lobes or presenting different morphological features.

The agreement between MRI and CT was assessed by eval-
uating the site of malformation (side, lobe, or mediastinum)
and the presence or absence of the following elements, con-
sidered relevant for diagnosis:
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presence of cysts

presence of overinflation

presence of solid component

presence and origin of abnormal arteries and/or venous
drainage

5. presence of bronchocele

bl e

Once all these elements were evaluated, both radiologists
classified the type of CLM according to the following
description.

Congenital pulmonary airway malformation is subdivided
into type 1 that shows cysts greater than 2 cm with presumed
bronchial/bronchiolar origin; type 2 that shows cysts less than
2 cm with presumed bronchiolar origin; and type 3 that ap-
pears solid or shows very small cysts (< 0.2 cm) with pre-
sumed bronchiolar/alveolar origin.

Segmental bronchial atresia is characterized by atresia
or stenosis of a lobar, segmental, or subsegmental bron-
chus at or near its origin. This results in a blind-ended
atretic proximal bronchus, the distal portion of which
dilates with a variable amount of mucus, hence the term
“mucocele.” Bronchopulmonary sequestrations are de-
fined as solid, unaerated lesions; extralobar BPS are
usually located within the left hemithorax and appear
as wedge-shaped masses delimited by pleura and often
located below the normally formed lung.

Congenital lobar overinflation is characterized by a hyper-
inflated lobe with attenuated pulmonary vessels.

Bronchogenic cysts are well-defined hypoattenuating le-
sions with uniform fluid attenuation (020 Hounsfield units)
on CT and always demonstrate high signal intensity on T2-
weighted MRI images [5, 8].

The reference standard used was the CT reading performed
by the more experienced pediatric radiologist with 10 years of
experience in thoracic CT imaging.

Statistical analysis

To determine the agreement between MRI and CT find-
ings, the kappa statistic was used. The diagnostic perfor-
mance of MRI versus the reference standard CT in the
evaluation of the relevant elements for diagnosis previ-
ously listed was expressed in terms of sensitivity, speci-
ficity, accuracy, positive predictive value (PPV), and neg-
ative predictive value (NPV). The analysis was performed
considering each lung as an independent unit.

The interobserver agreement regarding the previously
mentioned relevant elements for diagnosis of the CLM
was measured using the kappa statistic. The McNemar-
Bowker test was employed to check for marginal inho-
mogeneity for categorical variables with more than two
traits.
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Results
Patient characteristics

Twenty patients (10 males and 10 females) were enrolled; the
age of the population ranged between 0 and 8 months (median
age 95 days; range 12-322 days).

CT and MRI findings

CT findings, taken as reference standard, are described in
Table 1.

On the CT, we found 23 malformations, as two patients had
bilateral lung malformations and one had two different unasso-
ciated lung malformations on the same side but in different lobes.

Table 1
congenital lobar overinflation

We reported five CPAMs (four CPAM type 2 and one
CPAM type 1) (Fig. 1), eight segmental bronchial atresia
(Fig. 2), five BPS (Fig. 3), one CLO (Fig. 4), one broncho-
genic cyst (Fig. 5), and three hybrid lesions (two BPS +
CPAM type 2 (Fig. 6), one CPAM type 2 + bronchial atresia).

Eleven out of 23 (48%) malformations were located in the
right hemithorax, one malformation was located in the medi-
astinum; 21/23 (91%) malformations involved a single pul-
monary lobe, while two CLM presented a bilobar involve-
ment; the lower lobe was the most commonly involved (17/
23; 74%). MRI correctly identified all the findings described
on the CT except for the abnormal vascularization: consider-
ing the seven cases of malformations associated with abnor-
mal vasculature, MRI correctly identified the abnormal ves-
sels in only four cases (57%), while in two cases (patient
numbers 6 and 12) MRI was not able to identify the venous

CT results. UL, upper lobe; LL, lower lobe; Lin, lingula; ML, middle lobe; CPAM, congenital pulmonary airway malformation; CLO,

Patients Localization  Presence of Malformation
Side Lobe  Cyst Hyperinflation Solid Abnormal Abnormal venous Bronchocele
component  arteries drainage
1 Right UL,LL Yes No No No No No CPAM
Left Lin,LL Yes No No No No No CPAM
2 Right LL Yes No Yes Thoracic aorta Pulmonary No Hybrid lesion
circulation (CPAM-sequestration)
Left LL Yes No No No No No CPAM
3 Right LL No  Yes No No No Yes Bronchial atresia
Left LL No Yes No No No Yes Bronchial atresia
5 Left LL Yes No Yes Thoracic aorta Pulmonary No Hybrid lesion (CPAM -
circulation sequestration)
6 Right LL No No Yes Thoracic aorta Systemic circulation ~ No Sequestration
7 Right LL No No Yes Celiac trunk  Pulmonary No Sequestration
circulation
8 Left UL No  Yes No No No No CLO
Left LL No Yes No No No Yes Bronchial atresia
10 Left LL Yes Yes No No No Yes Hybrid lesion
(CPAM-bronchial atresia)
11 Right UL Yes No No No No No CPAM
Right ML No Yes No No No Yes Bronchial atresia
12 Left LL No No Yes Thoracic aorta Systemic circulation ~ No Sequestration
13 Mediastinum  Yes No No No No No Bronchogenic cyst
14 Right LL Yes No No No No No CPAM
15 Left LL No No Yes Thoracic aorta Systemic circulation ~ No Sequestration
16 Right LL No  Yes No No No Yes Bronchial atresia
17 Left UL No Yes No No No Yes Bronchial atresia
18 Left LL No No Yes Thoracic aorta Systemic circulation ~ No Sequestration
19 Right LL No  Yes No No No Yes Bronchial atresia
20 Right UL No  Yes No No No Yes Bronchial atresia
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Fig. 1 CT and MR images of
CPAM type 2. Coronal (a) and
axial (b) MRss-TSE T2-w images
compared with coronal (¢) and
axial (d) CT images

drainage and in one case (patient number 15) both the abnor-
mal arterial and venous vessels were not identified.

In this last case, MRI was not able to assign a definitive
diagnosis suggesting a possible sequestration or CPAM solid
lesion (type 3 based on Stocker’s classification [20]) or hybrid
lesion. In the remaining 19 patients (95%) (22/23
malformations, 96%), MRI diagnoses were the same as those
of CT.

Fig. 2 CT and MR images of
bronchial atresia. Axial ss-TSE
T2-w (a) and axial CT (lung
window) (b) images show
segmental hypointense and
hypoattenuated area due to air
trapping and decreased
vascularity. Coronal MRss-TSE
T2-w image (¢) and axial CT (soft
tissue window) (d) images better
demonstrated the bronchocele
(white arrows) within the
hypointense and hypoattenuated
area, as a tubular-shaped structure
in (¢) and as a solid tissue
hypodensity in (d)
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Correlation of CT and MRI findings

The agreement on the localization of CLM between MRI and
CT was excellent (Cohen’s k=1.00; p <0.001).

In the evaluation of location and presence of cysts, overin-
flation, bronchocele, and solid components, there was a com-
plete agreement between MRI and CT findings in every pa-
tient (k= 1.00, Table 2).
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Fig. 3 CT and MR images of
extralobar sequestration with a
large mass-like lesion located in
the right lower hemithorax and an
anomalous feeding artery arising
from the descending aorta.
Coronal MR BFFE (a) and axial
(b) MR ss-TSE T2-w images
compared with coronal (¢) and
axial (d) CT images; note right
pleural effusion

The diagnostic performance of MRI compared with CT for
the detection of anomalous arterial vessels was 85.7% sensi-
tivity, 100% specificity, 100% PPV, 94.1% NPV, and 95%
accuracy.

The diagnostic performance of MRI compared with CT for
the detection of anomalous venous drainage was 57.1% sen-
sitivity, 100% specificity, 100% PPV, 84.2% NPV, and 87%
accuracy.

The McNemar-Bowker test showed no statistically signif-
icant asymmetry in the marginal proportions between the

Fig. 4 CT and MR images of
congenital lobar overinflation
show hyperinflation of the left
upper lobe with attenuated lung
markings and mediastinal shift to
the right side. Coronal (a) and
axial (b) MR ss-TSE T2-w
images compared with coronal (¢)
and axial (d) CT images

results of CT and MRI in the evaluation of arterial and venous
vessels, with a p value of 0.317 for arterial vessels’ detection
and 0.083 for venous vessels.

Interobserver agreement
The agreement regarding the relevant elements for diagnosis

and the type of CLM was absolute between the two readers
(k=1.00, p<0.001).

@ Springer



4550

Eur Radiol (2019) 29:4544-4554

Fig. 5 CT and MR images of
bronchogenic cyst. Coronal (a)
and axial (b) MR ss-TSE T2-w
images and coronal (c) and axial
(d) CT images show the
mediastinal and subcarinal cystic
lesion (white arrows)

Discussion

CLMs represent a rare disease with a high clinical variability in
postnatal period: they may appear as extended abnormalities,
associated with compression of residual lung parenchyma,
heart, or vessels, that require immediate surgery or, they can
be asymptomatic and incidentally found in adulthood [2, 4].
Most lung malformations are diagnosed in the prenatal pe-
riod: all patients with a prenatal suspicion of lung malforma-
tion must undergo a postnatal contrast-enhanced CT, the gold

Fig. 6 CT and MR images of
hybrid lesion (CPAM + intralobar
sequestration). Sagittal MR ss-
TSE T2-w (a) and CT (b) images
show areas with different
intensity and density due to the
presence of solid components and
cysts (white arrows) for CPAM
and sequestration coexistence.
Axial MR ss-TSE T2-w (¢) and
CT maximum intensity projection
(d) images demonstrated the solid
component and the anomalous
feeding artery (white arrows) due
to the pulmonary sequestration
portion of the hybrid
malformation
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standard for diagnosis and important for therapeutic planning
(surgery or follow-up) [2, 7, 8].

In our hospital, we follow a different protocol for symp-
tomatic or asymptomatic patients. The first undergo
contrast-enhanced CT as soon as possible, within the first
month of life, to confirm the prenatal diagnosis and to
make a preliminary assessment for surgery. Asymptomatic
patients usually undergo contrast-enhanced CT within
6 months of life (generally between the third and the sixth
month).
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Table2  Agreement between MRI and CT findings. TN, true negative; TP, true positive; FN, false negative; FP, false positive; PPV, positive predictive
value; NPV, negative predictive value

Evaluated elements TN TP FN FP Sensitivity Specificity Accuracy PPV NPV
Presence of cyst 31 9 0 0 100% 100% 100% 100% 100%
Presence of hyperinflation 30 10 0 0 100% 100% 100% 100% 100%
Presence of solid component 33 7 0 0 100% 100% 100% 100% 100%
Presence of abnormal arteries 33 6 1 0 85.7% 100% 95% 100% 94.1%
Presence of abnormal venous drainage 33 4 3 0 57.1% 100% 87% 100% 84.2%
Presence of bronchocele 31 9 0 0 100% 100% 100% 100% 100%

Despite the advantages of CT, such as the short execution
time, high spatial resolution, and the highest accuracy in visu-
alizing normal and pathological structures of the lung paren-
chyma and bronchi, it also carries some disadvantages, mainly
the exposure to ionizing radiations. This is a crucial point,
especially in the pediatric population, where the number of
CT examinations must be reduced whenever possible,
performing them only when it is absolutely necessary using
a protocol that minimizes exposure to achieve the required
diagnostic quality, in accordance with the ALARA (as low
as reasonably achievable) principles [21-24]. Contrast-
enhanced CT, even if performed with dedicated protocols that
provide a dose reduction compared with standard examina-
tions, is not a radiation-free technique. Moreover, in CLM
patients, CT is often performed in the neonatal period and
mainly within the first year of life: this age group is at an
increased risk of stochastic effects determined by ionizing
radiation exposure [23-26]. It is estimated that 1 in a 1000
CT examinations will result in a fatal cancer in the pediatric
population and that 30% of patients undergo multiple exami-
nations, as in the population we are focusing on [25].
Reducing the number of CT examinations before and after
surgery, especially in asymptomatic patients, could signifi-
cantly reduce the radiation exposure in patients with CLM.

Sedation risk also needs to be weighed against benefits
in both CT and MRI. Although good-quality CT images
of complex vascular anatomy can be obtained without
sedation in neonates with high-end CT scanners [27],
unsedated older infants cannot reliably undergo CT acqui-
sitions without the risk of motion artifacts, increased ra-
diation exposure, or missed phases. Risks associated with
deep sedation performed by a trained pediatric anesthesi-
ologist are low [28]. Thiopental and dexmedetomidine
have been demonstrated to be safe and effective for pedi-
atric imaging [29-31] and are routinely administered in
our institution for more than 20 examinations per week.
We believe that sedation risk is outweighed or at least
balanced by the benefits of an accurate preoperative CT
assessment or a reduction in cumulative radiation dose
when sedation is performed by a dedicated pediatric
anesthesiologist.

Thanks to new scanners and new sequences characterized
by very short TE, specific for visualization of lung parenchy-
ma, MRI has recently been considered as a radiation-free al-
ternative to CT in the evaluation of some lung diseases in the
pediatric population [15-19, 32, 33].

Currently, there are no published studies regarding the
comparison between CT and MRI in the postnatal evaluation
of lung malformations: few papers compare CT and MRI in
the evaluation of inflammatory disease, cystic fibrosis, or mis-
cellanea [15-19].

In our preliminary prospective study, we wanted to esti-
mate the accuracy of MRI, without contrast medium, com-
pared with the reference standard (contrast-enhanced CT), in
the evaluation of CLM, in order to verify if MRI can be an
alternative diagnostic tool for this rare disease.

Based on qualitative analysis, MRI allowed a correct diag-
nosis in 19/20 (95%) patients and the malformation was cor-
rectly classified in 22/23 cases (96%). In one patient with
diagnosis of sequestration on the CT, MRI was not able to
assign a definitive diagnosis suggesting a possible sequestra-
tion or CPAM solid lesion or hybrid lesion. On the MRI, a
solid lesion was described in the lower left lobe but no anom-
alous vessels were recognized. On the CT, an anomalous sys-
temic artery arising from the descending aorta and an anoma-
lous vein draining in the hemiazygos vein were detected and,
consequently, a diagnosis of sequestration was made. In this
case, CT was necessary to obtain a correct definitive
diagnosis.

MRI correctly localized all the malformations (Cohen’s k =
1) and identified all the findings described on the CT except
for the abnormal vascularization; thus, MRI resulted compa-
rable with CT in all the cases of malformations that do not
exhibit an abnormal vascularization. Considering the seven
cases of malformations associated with abnormal vasculature,
MRI correctly identified the abnormal vessels in only four
cases (57%), while in the remaining 3 cases, MRI was not
able to detect the anomalous venous drainage in two of them
and neither the abnormal arterial nor venous vascularization in
the other. Given the small sample size of our study, there were
no statistically significant differences between MRI and CT
for vascular evaluation of both arteries and veins. Thus,
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considering the vascularization of the lesions, which repre-
sents a key feature for surgeons in the preoperative assess-
ment, CT images provided additional relevant diagnostic in-
formation to MRI. A direct comparison between contrast-
enhanced CT and MRI is needed to fully compare the diag-
nostic potential of MRI in detecting very small aberrant ves-
sels. CT offered a detailed depiction of the location and course
of anomalous vessels which is essential to surgeons in plan-
ning resection of CLM and preventing accidental division of
anomalous vessels that could result in a fatal outcome from
hemorrhage [11]. For this reason, in the setting of CLM locat-
ed in the lower lobe paravertebral region, the contrast-
enhanced CT should be considered routinely in this subset of
patients in order to obtain a correct definite diagnosis and
allow a complete and precise preoperative planning.

It is important to note that our MRI protocol does not in-
clude post contrast images, differently from the CT protocol.
We can suppose that MRI lower detection rate of abnormal
vessels may be attributable, at least in part, to the absence of
contrast medium, which can be used effectively in the identi-
fication of abnormal vascularization, especially when dealing
with small vessels. Gadolinium-based contrast agents have
been demonstrated to be safe in children, but they nonetheless
carry a small risk of adverse reactions (0.04%), usually mild
[34]. As with current recommendation, gadolinium adminis-
tration is restricted to congenital heart disease or severe vas-
cular malformation, and some CLMs could be included as
well. It is likely that patients with CLM would undergo mul-
tiple examinations and therefore the use of contrast needs to be
carefully balanced against benefits.

MRI shows values of accuracy, sensitivity, specificity, PPV,
and NPV equal to the reference standard in the evaluation of
location and presence of cysts, overinflation, bronchocele, and
solid components, while in the evaluation of arterial vessels or
venous drainage, it shows suboptimal values of sensitivity,
accuracy, and NPV compared with the reference standard.
MRI could also provide additional information, namely heart
function, flow analysis for large vessels, and perfusion evalu-
ation [35-37], making it a valuable tool for morpho-functional
preoperative assessment in selected cases. Flow analysis could
be performed selectively on the right and left pulmonary ar-
teries with phase-contrast sequences providing valuable infor-
mation in the preoperative setting. In selected cases with com-
bined pulmonary and cardiac malformations, cine MRI can
provide a comprehensive evaluation of pulmonary regurgita-
tion or stenosis and left and right ventricular function. In our
institution ultra-short echo time (UTE) imaging was unfortu-
nately not available. UTE imaging, along with other recent
advances in lung imaging, will make the choice of MRI in
younger patients even more compelling [36].

Our study, however, has some limitations. First, it is a
single-center study and the number of subjects studied is rel-
atively low. As previously mentioned, the comparison

@ Springer

between MRI and CT in arterial and venous vascular analysis
failed to demonstrate significant differences, at least in part,
due to the small sample size. Large prospective studies should
be performed to confirm the accuracy of MRI in the diagnosis
of CLM, exploring the full potential of the most recent tech-
nological advances. Secondly, we have not assessed the po-
tential benefits of the MRI in the follow-up of CLM.
Moreover, we performed unenhanced MRI comparing it with
contrast-enhanced CT, limiting the diagnostic potential of
MRI in the diagnosis of malformations, especially vascular
lesions. Another possible limitation was the time gap between
MRI and CT acquisitions in our series; however, we did not
find significant differences when comparing MRI and CT per-
formed close to each other and those performed farther apart.

Conclusion

In conclusion, our study, although preliminary, shows that
unenhanced MRI could represent a valid alternative in the
postnatal diagnosis and management of CLM, allowing an
accurate diagnosis of location and characterization of these
malformations avoiding radiation exposure and intravenous
contrast administration. Nevertheless, in the subset of patients
with lesions located in the lower lobe paravertebral region,
contrast-enhanced CT still represents the exam of choice to
study the vascularization of the malformation being of poten-
tial benefit to referring surgeons for preoperative planning.
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