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Abstract
Purpose: Congenital lung malformations (CLMs) consist of a variety of pulmonary development disorders. In the CLM 
approach, computed tomography (CT) is considered the gold standard imaging technique due to the high-resolution 
for the lung parenchyma evaluation, the study of the vascular system after contrast injection, and the multiplanar 
reconstructions. In the paediatric population CT is considered too invasive due to ionizing radiation and the use  
of contrast agent. Therefore, the indications for the use of magnetic resonance imaging (MRI) are increasing.  
The aim of our study is to compare retrospectively MRI and CT in the evaluation of CLMs, to reduce or avoid the use 
of contrast-enhanced CT in the paediatric population.

Material and methods: We retrospectively evaluated 22 paediatric patients with prenatal diagnosis of CLMs. All the pa-
tients underwent postnatal MRI in the first 2 weeks of life (except for a patient) and pre-surgery contrast-enhanced CT. 
A total of 7 blinded radiologists divided into 3 different groups independently reviewed each MRI and CT examination. 
Sensitivity and specificity of radiologists with different years of experience on the field, as well as of MRI findings re-
garding every pathology, were evaluated using a ROC curve. The interobserver agreement regarding the MRI findings 
was also measured.

Results: Analysing the ROC curves, we observed that MRI provided a satisfactory accuracy for diagnosing most 
congenital pulmonary diseases.

Conclusions: Our study showed that MRI without contrast agent allows us to reach a CLM diagnosis in good agreement 
with contrast-enhanced CT, which is considered the gold standard imaging technique.
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Introduction
Congenital lung malformations (CLMs) consist of a va-
riety of pulmonary development disorders with a large 
spectrum of clinical and imaging features. CLMs can in-
volve all respiratory system structures, such as lung pa-
renchyma, trachea and bronchi, pulmonary or systemic 
arteries and veins, and they can be found as isolated mal-
formations or combined ones.

Notably, they occur as a continuum of interrelated 
abnormalities [1] that can present as isolated or in as-
sociation; some of them have exclusive or prevalent pa-
renchymal involvement and normal arterial and venal 
vascularization, such as congenital lobar overinflation 
(CLO), bronchogenic cyst (BC), and congenital pulmo-
nary airway malformation (CPAM). Other malforma-
tions show different degrees of vascular and pulmonary 
alterations (bronchopulmonary sequestration), and in 
some abnormalities, including arteriovenous malforma-
tion (AVM), there is an altered vascularity with a regular 
lung parenchyma [2]. In many cases, radiological features 
show a combination of multiple malformations, resulting 
in hybrid lesions [3].

All these malformations have an annual incidence of 
between 30 and 42 cases per 100,000 population [4,5]. 
Nowadays, a substantial proportion of congenital lung 
anomalies are detected prenatally, and only few of these 
lesions are discovered incidentally [6] at any age due to 
the onset of symptoms (e.g. infections) or during other 
diagnostic investigations.

In the CLM approach, computed tomography (CT) is 
considered the gold standard imaging technique due to 
the high-resolution CT for the lung parenchyma evalua-
tion, the study of the vascular system after contrast injec-
tion, and the multiplanar reconstructions [6-8]. On the 
other hand, in the paediatric population CT is considered 
too invasive due to ionizing radiation and the use of con-
trast agent. Therefore, the indications for the use of mag-
netic resonance imaging (MRI) in paediatric respiratory 
system diseases are increasing.

To date, only a pilot study that compared MRI and CT 
in the postnatal evaluation of CLMs has been reported [7]. 
The aim of our study is to compare retrospectively MRI 
and CT in the diagnosis and evaluation of CLMs, to re-
duce or avoid the use of contrast-enhanced CT in the pae-
diatric population.

Material and methods

Patients

We retrospectively evaluated 22 (14 males and 8 females) 
patients with prenatal (foetal US) diagnosis of CLM. All 
the patients had been hospitalized at birth in our centre 
between January 2015 and December 2019 and had un-
dergone postnatal MRI in the first 2 weeks of life (except 

for a patient who underwent MRI at the age of 18 days) 
and pre-surgery contrast-enhanced CT, usually at 3-6 
months of life, for the study of CLMs. No patient under-
went an MRI and a CT scan on the same day. For both 
MRI and CT, the scanned area extended from the pulmo-
nary apex to the plane of the renal hila. Both techniques 
were performed in spontaneous breathing and in deep 
sedation.

MRI protocol

All patients underwent a 1.5-T MRI (Ingenia 1.5 T, Philips) 
study without contrast injection, in a supine position, with 
a mean scan time of about 20 minutes. MRI images were 
obtained with the following sequences: respiratory-trig-
gered, T2-weighted turbo spin echo (TSE MultiVane) in 
axial, coronal, and sagittal planes (TR 1900 ms, TE 100 ms, 
Voxel 1.1 × 1.1 × 3 mm), and cardiac-triggered with respi-
ratory gating 3D turbo field echo (FFE) T1 Dixon in the 
coronal plane with a reconstruction in the axial and coro-
nal planes (TR 5.8 ms, TE 1.74 ms, flip angle 15°, Voxel 
1.3 × 1.5 × 1.5 mm).

CT protocol

All CT studies were performed with a 64-slice CT scan-
ner (GE Light Speed VCT) and a single-acquisition post- 
contrast protocol. All CT studies were performed with 
80 kV and 3 mAs. The computed tomography dose in-
dex (CTDI vol) range was 0.8-1.4 mGy, and the dose-
length product (DLP) range was 10-16 mGy × cm.  
The CT images were acquired with 2.5 mm slice thick-
ness and reconstructed with 1.25 mm slice thickness in 
the axial, coronal, and sagittal planes with a pulmonary 
and mediastinal window. Maximum and minimum inten-
sity projections (MIP and MinIp) were also performed. 
All patients received a non-ionic contrast (Iomeron  
350 100 ML FL) at the dose of 2 ml/kg and injection rate 
of 0.8-1 ml/s, followed by a saline chaser at the dose of  
3 ml/kg, also in relation to the condition of the patient, at 
the same injection rate.

Images analysis

A total of 7 radiologists divided into 3 different groups  
(2 groups of radiologists with 10 and 5 years of experience 
in paediatric radiology, respectively, and one group of ra-
diology residents) independently reviewed the MRI and 
CT exams of each patient on a PACS workstation (CAR-
ESTREAM). The radiologists were blinded to the iden-
tity and the anamnestic data of all the patients and to any 
prenatal and postnatal exams. All paediatric radiologists 
first reviewed MRI images while the corresponding CT 
images were reviewed in a different session after 3 weeks. 
The exams were displayed in casual order in both sessions. 
The agreement between MRI and CT was assessed eva-
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luating the malformation localization (side, lobe) and the 
presence or absence of the following elements, specific for 
the different and most common congenital pulmonary 
malformation (CLO, BC, CPAM, bronchial atresia, and 
bronchopulmonary sequestration): (i) cysts, (ii) overin-
flation and/or bronchocele, (iii) solid component, and  
(iv) presence and origin of abnormal arteries and/or ve-
nous drainage. 

Congenital lobar overinflation results from a primary 
cartilage deficiency or dysplasia of a lobar bronchus, most 
commonly the left upper lobe. It is a condition character-
ized by a hyper-inflated lobe with attenuated pulmonary 
vessels, and contralateral mediastinum shift. 

Bronchogenic cysts are thought to be due to abnor-
mal budding during lung development. If they occur early 
in lung development, the cyst will be mediastinal, often 
carinal, and those that occur later in development will be 
intraparenchymal. They are well-defined hypoattenuating 
lesions with uniform fluid attenuation on CT and always 
demonstrate high signal intensity on T2-weighted MRI 
images (Figure 1). 

CPAMs are described as hamartomatous tissue, with 
communication to the airway, normal arterial supply, and 
venous drainage and are subdivided according to the Stocker 
classification [7] into type 1 (cysts greater than 2 cm with 

presumed bronchial/bronchiolar origin), type 2 (cysts less 
than 2 cm with presumed bronchiolar origin); and type 3 
(appears solid or shows very small cysts [< 0.2 cm] with 
presumed bronchiolar/alveolar origin) (Figure 2).

Bronchial atresia is characterized by atresia or stenosis 
of a lobar, segmental, or subsegmental bronchus at or near 
its origin. This results in a blind-ended atretic proximal 
bronchus, the distal portion of which dilates with a vari-
able amount of mucus (bronchocele) and overinflation of 
the distal lung (Figure 3).

Bronchopulmonary sequestrations are a congenital 
mass of pulmonary tissue that has no normal connec-
tion with the tracheobronchial tree and is supplied by an 
anomalous systemic artery, usually arising from the de-
scending aorta or abdominal aorta. There are 2 types of 
sequestration: intra-lobar sequestration is contained with-
in the visceral pleura, and the venous drainage is usually 
via the pulmonary veins into the left atrium; extra-lobal 
sequestration has its own separate pleural investment, and 
the venous drainage is usually to the inferior vena cava or 
the azygous system (Figure 4) [9,10].

The reference standard used was the histologic report 
of each patient. This retrospective study was done in ac-
cordance with the Declaration of Helsinki. All patients’ 
parents provided written informed consent.

Figure 1. T2-weighted magnetic resonance imaging (MRI) (up) and contrast-enhanced computed tomography (CT) (down) on coronal and axial planes, 
showing a right paratracheal bronchogenic cyst. Bronchogenic cysts are well-defined fluid-filled lesions that always demonstrate high signal intensity on 
T2-weighted MRI images and fluid density on CT scans. Furthermore, we can note no enhancement of the lesion in the coronal CT scan
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Figure 2. T2-weighted magnetic resonance imaging (MRI) (up) and lung window computed tomography (CT) (down) on coronal and axial planes, revealing 
hamartomatous tissue in the lower right lung. This finding is featured by multiple cysts smaller than 2 cm (type 2 congenital pulmonary airway malforma-
tion). As we can see in the coronal plane MRI scan, one of the cysts is fluid filled, and it demonstrates hyperintensity on T2-weighted MRI images

Figure 3. T2-weighted magnetic resonance imaging (up) and lung window computed tomography (CT) (down) on coronal and axial planes, whit minimum 
intensity projection (MinIP) reconstruction in the CT coronal plane, showing atresia of the origin of the left apicoposterior bronchus (B1 + 2). The bronchial 
atresia resulted in a bronchocele, a blind-ended atretic bronchus filled by mucus, and in the subsequent overinflation of the parenchyma involved
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Statistical analysis

Sensitivity and specificity of radiologists with different 
years of experience in the field, as well as of MRI findings 
regarding every pathology, were evaluated using a ROC 
curve. The interobserver agreement regarding the MRI 
findings was measured between interns and radiologists 
with > 10 years of experience using the κ statistic. P-values 
< 0.05 were considered significant. Data were analysed us-
ing IBM SPSS 22.0.0.

Results
A total of 22 patients (14 M and 8 F) were analysed; the 
age of the population at the time of the enrolment ranged 
between 1 and 18 days. At the histological analysis, taken 
as the reference standard diagnosis, we reported 6 CPAMs 
(4 CPAMs II and 2 CPAMs III), 6 bronchopulmonary se-
questrations, 5 bronchial atresias, and 5 hybrid lesions 
(one bronchial atresia + CPAM and 4 bronchopulmo-
nary sequestrations + CPAMs). One patient had a bilat-
eral lesion, and 2 patients had a lesion extended under 
the diaphragm. 57% of the malformations were in the left 
hemithorax, and only 3 malformations involved the su-
perior lobes (86% of the malformations were located in 
the lower lobes). The agreement on the localization (side 

and lobe) of the different malformations between MRI, 
CT, and histological reports was excellent. CT correctly 
identified 95% of all findings. 

MRI findings ROC curves

We analysed the AUC of the ROC curves, computed for 
interns, radiologists with < 5 years of experience, and ra-
diologists with > 10 years of experience. The results are 
reported in Table 1. We observed that MRI provided sat-
isfactory accuracy for diagnosing most congenital pul-
monary diseases. The presence of cysts, solid component, 
bronchocele, and abnormal arteries are MRI findings 
that can be evaluated with good to optimal interobserver 
agreement, whereas abnormal venous drainage, specific 
for bronchopulmonary sequestration, is better evaluated 
by more experienced radiologists.

Interobserver agreement
The agreement regarding the MRI findings evaluated by 
residents and radiologists with >10 years of experience 
showed high values for every finding except for venous 
drainage (Table 2). The agreement regarding the MRI find-
ings evaluated by residents and radiologists with > 10 years 
of experience showed high values for every finding.

Figure 4. T2-weighted magnetic resonance imaging (up) and contrast-enhanced computed tomography (down) on coronal and axial planes, showing lower 
left lung extra-lobar bronchopulmonary sequestration. In the coronal plane (left) the venous drainage into the azygous system can be seen. In the axial 
plane (right) the anomalous artery supply arising from the descending aorta can be seen
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Discussion
CLMs consist of a continuum of pulmonary development 
abnormalities that can affect all structures of the respi-
ratory system (lung parenchyma, trachea and bronchi, 
pulmonary or systemic arteries and veins) as isolated or 
combined abnormalities, resulting in a large variety of clin-
ical and imaging features. CLMs are generally diagnosed 
prenatally with ultrasound (US), which is the primary 
imaging modality for foetal screening [3] due to its low 
invasiveness. It provides valuable information about the 
presence and size of a focal lung lesion [11], lung hypo-
plasia, mass effect, hydrops fetalis, and any other organ 
malformations, all of which affect the prognosis and mana-
gement [12,13]. A foetal MRI carried out only in some cas-
es, which may be helpful in more complicated cases and in 
lung volume quantification [14].

In our centre, newborns with prenatal suspect or dia-
gnosis of CLM undergo MRI during the first 2 weeks of 
life to confirm the prenatal diagnosis and to make a pre-
liminary surgical plan. In the first 3-6 months of life and 
just prior to surgical intervention, contrast-enhanced CT 
is performed to assess any evolution of the underlying 
pathology and to study any information not previously 
appreciable at MRI. 

CT examinations are commonly performed in the 
paediatric population and offer many advantages, mainly 
a shorter execution time. Although CT examinations ac-
count for a relatively small percentage of imaging studies, 
they contribute a large percentage of the overall radiation 
dose from imaging [15,16]. CT invasiveness in children 
has been demonstrated in many studies. Brenner et al. 
estimated the lifetime cancer mortality risks attributable 
to the radiation exposure from a single CT in a one-year-
old child to be 0.18% (abdominal) and 0.07% (head) [16]. 
Due to all these factors, in the paediatric population 
a risk-benefit analysis is performed for each CT exam. 
Notably, the number of CT examinations must be reduced 
whenever possible, performing them only when it is ab-
solutely necessary and using a protocol that minimizes 
exposure, in accordance with ALARA (as low as reason-
ably achievable) principles [10,17,18]. Therefore, it is more 
often preferable to use MRI instead of CT in paediatric 
patients because of the absence of ionizing radiation and 
considering the increased safety profile of the MRI.

In our study we retrospectively evaluated 22 patients 
with histologically proven CLMs with post-natal MRI and 

Table 1. Evaluation of AUC, sensitivity, and specificity for different congenital lung malformations subdivided according to radiologists’ experience  
in paediatric radiology

AUC 95% CI Sensitivity Specificity p-value

Radiologists with > 10 years of experience

Bronchopulmonary sequestration 0.979 0.932-1.000 100% 95.8% < 0.001

Atresia 0.985 0.951-1.000 100% 97.1% < 0.001

CPAM 0.885 0.752-1.000 83.3% 93.7% < 0.001

Radiologists with < 5 years of experience

Bronchopulmonary sequestration 0.871 0.757-0.984 95.0% 79.2% < 0.001

Atresia 1.000 1.000-1.000 100% 100% < 0.001

CPAM 0.802 0.631-0.973 66.7% 93.7% < 0.001

Residents

Bronchopulmonary sequestration 0.883 0.794-0.972 93.3% 83.3% < 0.001

Atresia 0.900 0.778-1.000 80.0% 100% < 0.001

CPAM 0.865 0.752-0977 83.3% 89.6% < 0.001

Total

Bronchopulmonary sequestration 0.906 0.854-0.959 95.7% 85.5% < 0.001

Atresia 0.952 0.895-1.000 91.2% 99.2% < 0.001

CPAM 0.853 0.774-0931 78.6% 92.0% < 0.001
CPAM – congenital pulmonary airway malformation

Table 2. Evaluation of the interobserver agreement rate for radiological 
signs (0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-1.00 = perfect)

Factor k p

Cysts 0.862 < 0.001

Solid component 0.722 < 0.001

Bronchocele 0.766 < 0.001

Abnormal arterial supply 0.953 < 0.001

Abnormal venous drainage 0.552 < 0.001

Hyperinflation 0.886 < 0.001
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contrast-enhanced CT after 3-6 months. In all our cases, 
the histological report was taken as the diagnostic gold 
standard reference. We compared findings between MRI 
and contrast-enhanced CT, independently reviewed by  
3 groups of radiologists with different experience in paedi-
atric radiology (2 radiologists with more than 10 years of 
experience, 2 radiologists with less than 5 years of experi-
ence, and 3 radiology residents), evaluating concordances 
and differences between the 2 imaging techniques. In the 
past 5 years we have modified the MRI protocol study for 
CLMs to improve its diagnostic reliability in the recogni-
tion of a single sign of each disease, notably parenchymal 
signs (cysts, overinflation) and vascular abnormalities. 
Recently we established our latest MRI protocol using 2 
sequences: respiratory-triggered, T2-weighted turbo spin 
echo (TSE MultiVane) and cardiac-triggered with respira-
tory gating 3D FFE T1 Dixon. The MultiVane sequences 
improve image contrast resolution by radial filling of the 
K space, which allows for high quality images that are 
less affected by motion artifacts. The radial filling of the  
K space over-samples its centre, which contains the maxi-
mum signal amplitude and contributes to the image con-
trast resolution, resulting in a high signal-to-noise ratio 
and high contrast. In the first MRI protocol we used bal-
ance fast field echo (FFE) sequences to create black-blood 
images for the vessels study without contrast agent, allow-
ing diagnosis in cases of pulmonary sequestration [19]. 
Over time, we changed our MRI protocol by using car-
diac-triggered 3D FFE T1 Dixon with respiratory gating, 
which allows a high spatial resolution (about 2 mm thick-
ness) and is free of movement artifacts. Lastly, volumetric 
acquisition ensures reconstruction on all planes of space 
with a single T1 sequence, which adds information to the 
MultiVane TSE sequence.

Analysis of findings by comparing MRI, CT, and sur-
gical reports showed complete agreement (100% of cases) 
on the location (side and lobe) of the CLM. It was also 

noted that 57% of the malformations were in the left 
hemithorax, and 86% of the malformations were in the 
lower lobes, while only 3 malformations affected the up-
per lobes. Analysing the AUC of the ROC curves, calcu-
lated for both residents and radiologists with < 5 years and 
> 10 years of experience, it was observed that MRI pro-
vided precise evaluations that allow the diagnosis in most 
CLMs. Moreover, the MRI evaluation showed a good 
inter-observer agreement among the 3 different groups in 
detecting the presence of cysts, solid component, bron-
chocele, and abnormal arteries, while the finding of ab-
normal venous drainage, specific for bronchopulmonary 
sequestration, allowed a better diagnosis, especially for 
radiologists with greater experience and therefore with 
greater diagnostic confidence in MRI (the group with  
> 10 years of experience).

Therefore, there was excellent agreement concerning 
MRI findings also among the residents and the radiolo-
gists with more than 10 years of experience, showing reli-
able and comparable values for each considered finding, 
except for the identification of venous drainage (Table 2). 
Our results clearly show the high diagnostic reliability of 
MRI for pulmonary sequestration. Identifying the venous 
efferent branch is the more difficult challenge in bron-
chopulmonary sequestration diagnosis; therefore, it was 
mainly recognized by the more experienced radiologists, 
who correctly distinguished intra-lobar forms from the 
extra-lobar ones in a higher percentage of cases than the 
other groups (Figure 5). On the other hand, the diagnosis 
of CLMs with prevalent or exclusive parenchymal aerial 
signs (such as cysts or overinflation) was slightly less ac-
curate, in particular in the case of CPAM. In our opinion, 
this is related to the intrinsic evolutionary character of 
these diseases and to the higher probability that aerial 
signs evolve over time and appear more evident after 
weeks or months. This evolutionary character is mainly 
shown by air cysts with smaller diameter.

Figure 5. T2-weighted magnetic resonance imaging (MRI) (left), MRI minimum intensity projection (MinIP) reconstruction (central), and contrast-enhanced 
computed tomography (CT) maximum intensity projection (MIP) reconstruction (right) on coronal planes. Good concordance among contrast-enhanced 
CT and MRI MinIP reconstruction can be noticed, used for the better evaluation of the abnormal artery supply and venous drainage, in the diagnosis  
of bronchopulmonary sequestration in the lower left lung
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Therefore, by performing MRI shortly after birth and 
a CT scan at 3-6 months of life, the CLMs have often 
evolved, creating a discrepancy in MRI and CT findings. 
This discrepancy may be only due to the pathological 
evolution of the diseases and not to the increased accu-
racy of CT in the lung parenchyma evaluation (Figures 6 
and 7). It should also be remembered that these aerial 
signs often occur in the context of hybrid malformations, 
especially those in which lung sequestration coexists.  
In such cases the radiological finding of lung sequestra-
tion (a solid mass with systemic arterial afference, systemic  
venous or pulmonary drainage) initially dominates the 
MRI objectivity.

Our study still has some limitations: it is a monocen-
tric study with a small sample, and MRI was voluntarily 
performed without contrast agent due to the patients age, 
reducing the potential of the technique. This problem 
was partly solved by improving the MRI protocol with 
the use of more performing sequences (TSE MultiVane 
and cardiac triggered with respiratory gating 3D FFE T1 

Dixon). The main advantage is certainly the non-use of 
ionizing radiation with MRI and the high contrast reso-
lution through dedicated protocols usage, which allowed 
us to reach the diagnosis even among radiologists with 
different experience.

Conclusions
Our study showed that MRI without contrast agent allows 
the CLM diagnosis to be reached in good agreement with 
contrast-enhanced CT, which is considered the gold stan-
dard imaging technique. We also believe that the small 
difference noted in our results between MRI and CT was 
mostly determined by the evolution of the disease, espe-
cially in the aerial components, because the 2 examina-
tions were performed 3-6 months apart. Therefore, MRI 
without contrast agent and with dedicated and increas-
ingly accurate protocols may represent a valid alternative 
in the postnatal diagnosis and management of CLMs, 
allowing an accurate diagnosis of these malformations. 

Figure 6. Magnetic resonance imaging acquired 7 days after birth (A) showing hamartomatous tissue and a unique cyst greater than 2 cm, pattern diagnosed 
as type 1 congenital pulmonary airway malformation (CPAM). Computed tomography (CT) acquired in the same female infant 6 months after birth (B), 
confirming type 1 CPAM diagnosis. As can be seen in the CT scan image (B), the cyst has a greater diameter because of the evolution of the disease over time

Figure 7. T2-weighted magnetic resonance imaging on axial planes (A) and contrast-enhanced computed tomography (CT) (B) showing right bronchial 
atresia with bronchocele. CT was acquired in the same infant about 6 months after birth, revealing the intrinsic evolutionary character of this congenital 
lung malformation: the overinflation is more evident in the CT images due to the more dedicated technique for the pulmonary parenchyma study both 
because the disease has evolved over time

A B

A B
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Moreover, the diagnostic confidence acquired over years 
allowed us to better recognize the single sign of different 
disease, notably for the radiologists with longer experi-
ence in the specific field. We think that with larger studies 
non-contrast-enhanced MRI could become the first-line 
exam for diagnosis, follow-up, and preoperative planning 

of CLMs, avoiding useless ionizing radiation and contrast 
agent to the patient.
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