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Introduction

Magnetic resonance imaging (MRI) of the 
lung was first attempted in the 1980s.(1) In the 
following years, efforts were made to improve 
its performance and quality. However, there 
were a number of general difficulties that could 
not initially be overcome: low signal intensity 
due to low proton density; susceptibility 
artifacts caused by multiple air-tissue interfaces; 
and motion artifacts (respiratory, cardiac, 
and vascular). Subsequent technological 
developments improved the quality and 
broadened the application of the procedure.(2,3) It 
is now possible to perform magnetic resonance 
angiography (MRA) of the pulmonary arteries 
with high spatial resolution, for the diagnosis 
of suspected pulmonary embolism or pulmonary 
hypertension, as well as multiphase MRA with 

high temporal resolution, for the depiction of 
vascular territories and of pulmonary perfusion (4)

Most lung diseases are accompanied by 
an increase in the quantity of tissue, cells, or 
blood within the lungs, which facilitates MRI 
because it makes more protons available to 
generate a signal.(5-8) Therefore, structural MRI 
is feasible, and tissue can be characterized by 
the differences observed among T1-weighted, 
T2-weighted, and other types of sequences, as 
well as by the assessment of contrast-enhanced 
images. In the staging of lung cancer, MRI has 
proven to be superior to CT, and there is evidence 
that it is also superior in the characterization 
of pulmonary nodules larger than 1 cm in 
diameter.(6-8) In addition, MRI has advantages 
in the characterization of pulmonary infiltrates, 
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every year.(9) One recent meta-analysis reported 
that dynamic CT and MRI, both of which are 
noninvasive methods, are equally accurate in 
distinguishing between malignant and benign 
solitary pulmonary nodules, the differences 
between the two tests being insignificant.(10) The 
authors of that meta-analysis found that, for 
the 10 dynamic CT studies, MRI had a pooled 
sensitivity of 93% (95% CI: 0.88-0.97) and a 
pooled specificity of 76% (95% CI: 0.68-0.97).(10) 
Koyama et al.(11) reported that non-contrast-
enhanced MRI of the lung is as efficient as is 
thin-section multidetector CT in detecting 
malignant nodules. The authors also found that 
the overall nodule detection rate in each MRI 
sequence (82.5%) was significantly lower than 
was that of multidetector CT (97.0%), although 
there was no significant difference between 
the two techniques in terms of the detection 
rate for malignant nodules.(11) Figure 1 shows a 
comparison of images obtained with those two 
modalities. 

Tumor-node-metastasis staging

In the tumor-node-metastasis (TNM) 
staging system, the T stage (depth of tumor 

especially in patients with neutropenic fever, 
although such use might not be cost-effective.(9) 
Currently, the most relevant clinical application 
of MRI of the lung is in the staging of lung cancer 
patients, for which purpose MRI is as accurate 
as is 18F-fluorodeoxyglucose positron emission 
tomography with computed tomography (FDG-
PET/CT).(7)

The clinical indications for MRI of the lung 
are related to three major objectives: the staging 
of lung tumors; the assessment of pulmonary 
vascular disease; and the investigation of any 
pulmonary abnormalities in patients who should 
not be exposed to radiation. Here, we review 
those indications.

Clinical indications for MRI  
of the lung

Detection and characterization of 
pulmonary nodules

It is estimated that, in the United States, 
there are approximately 150,000 new cases of 
pulmonary nodules seen on routine chest X-rays 

a b

Figure 1 - In a, axial CT scan showing a pulmonary nodule, with lobulated margins, in the left lower lobe of 
the lung. In b, T2-weighted magnetic resonance image at the same level showing a high-intensity signal in the 
lesion. The final diagnosis of this nodule was non-small cell lung cancer.
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invasion) is the primary determinant of the 
gravity of neoplasia.(12) For the depiction of the 
pericardium, heart, and mediastinal vessels, MRI 
is superior to CT and can therefore be indicated 
in specific situations, such as superior vena cava 
obstruction, invasion of the myocardium, or the 
spread of the tumor into the left atrium via the 
pulmonary veins.(13) In addition, MRI can allow 
lung cancer to be distinguished from secondary 

changes due to atelectasis or pneumonitis.(12) In 
T2-weighted MRI sequences, post-obstructive 
atelectasis and pneumonitis often show higher 
signal intensity than does the central tumor 
(Figure 2).(12)

The accurate assessment of mediastinal 
lymph nodes is essential in selecting the 
appropriate treatment plan for patients with 
non-small cell lung cancer (NSCLC). Figure 3 

a b

c

Figure 2 - In a, coronal T2-weighted magnetic resonance image showing a tumor with low signal intensity 
in the right lung and atelectasis with high signal intensity in the right lower lobe of the lung. Note the clear 
differentiation between the tumor and the atelectasis (arrows). In b, axial T2-weighted magnetic resonance 
image showing pleural thickening (arrows). In c, axial diffusion-weighted magnetic resonance image showing 
the tumor (arrows) and pleural thickening.

a b c

Figure 3 - In a, axial CT scan showing an 8-mm lymph node in the subcarinal chain (arrow). In b, axial 
T2-weighted magnetic resonance image with fat saturation, showing high signal intensity in the lymph node, 
suggesting metastatic disease. In c, axial diffusion-weighted magnetic resonance image showing the lymph 
node. Metastasis of small cell lung cancer was confirmed through biopsy.
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shows CT and MRI scans of a suspicious lymph 
node. Ohno et al.(7) conducted a prospective 
study of 115 consecutive NSCLC patients 
undergoing CT, short-tau inversion-recovery 
turbo spin-echo (STIR-TSE) imaging, and 
FDG-PET/CT, as well as surgical and pathological 
examination. The authors found that, on a 
per-patient basis, the quantitative sensitivity 
and accuracy of STIR-TSE imaging (90.1% and 
92.2%, respectively) were significantly higher 
than were the quantitative sensitivity, qualitative 
sensitivity, quantitative accuracy, and qualitative 
accuracy of co-registered FDG-PET/CT (76.7%, 
74.4%, 83.5%, and 82.6%, respectively).

Because it provides higher efficacy in TNM 
stage determinations than do conventional 
staging methods, integrated PET/CT seems 
to be a first-line lung cancer staging tool. 
However, MRI has come to play an increasingly 
more important role in this setting. Figure 4 
shows the ability of an MRI scan to clearly 
depict local metastases of a lung tumor. It 
has been reported that PET/CT fails to reveal 
microscopic metastases in approximately 
20% of patients undergoing surgical therapy.
(12) Previous studies have demonstrated that 
whole-body MRI provides acceptable accuracy, 

and that its efficacy in lung cancer staging is 
comparable to that of PET/CT.(13) Each of those 
two imaging modalities has been shown to have 
its advantages,(12) whole-body MRI being better 
for detecting brain and liver metastases, whereas 
PET/CT is better for detecting lymph node and 
soft-tissue metastases. For the evaluation of areas 
that have been submitted to radiation therapy, 
one promising technique is diffusion.(12) Whole-
body MRI with diffusion-weighted imaging can 
be used for the assessment of the M (metastasis) 
stage in NSCLC patients and has been shown to 
be as accurate as is PET/CT.(14)

Pulmonary thromboembolic disease

Pulmonary thromboembolic disease refers 
to the condition in which a blood clot or clots 
(thrombus or multiple thrombi) migrate from 
the systemic circulation to the pulmonary 
vasculature.(15) Although pulmonary embolism 
is the third leading acute cardiovascular disease 
(after myocardial infarction and stroke), it often 
goes undetected and is therefore responsible for 
thousands of deaths every year.(16)

Substantial technical advances in pulmonary 
MRA have been introduced in recent years 

a b

c

Figure 4 - In a, coronal T2-weighted magnetic resonance image with fat saturation of a patient with a lung 
tumor, showing metastatic nodules with high signal intensity in the lung parenchyma (arrows). In b, axial 
T2-weighted magnetic resonance image with fat saturation, showing pleural effusion (arrow). In c, axial 
T2-weighted magnetic resonance image with fat saturation, showing septal lines suggestive of lymphangitic 
carcinomatosis (arrow). 
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(Figures 5 and 6). Continued improvements 
are ongoing and include the use of parallel 
imaging, view sharing, time-resolved echo-shared 
angiography,(17-19) and pulmonary perfusion. These 
techniques have shortened MRA acquisition time, 
made it less susceptible to motion artifacts, and 
improved spatial resolution. One study showed 
that a combined magnetic resonance protocol 
(progressing from real-time MRI to perfusion 
MRI to MRA) is reliable and sensitive, producing 
results similar to those obtained with 16-slice 
multidetector CT.(18)

In 2003, Stein et al.(20) conducted a meta-
analysis of the use of gadolinium-enhanced MRI 
for the depiction of acute pulmonary embolism. 
The authors used conventional pulmonary 
angiography as the reference standard. They 
found that the reported sensitivity of the 
procedure covered a broad range (77-100%) and 
that the reported specificity was uniformly high 
(95-98%).(20) In the most recent of the studies 
evaluated in that meta-analysis, Oudkerk et al.(21) 
showed that the sensitivity of contrast-enhanced 
MRI for pulmonary embolism was 100% in the 

a b

c d

Figure 5 - In a, axial T2-weighted magnetic resonance image without contrast media. Note the thromboembolic 
material in left lower lobe pulmonary artery (arrow). In b, magnetic resonance angiography showing 
thromboembolic material in the same vessel. In c, three-dimensional volume rendering of magnetic resonance 
angiography, showing the subsegmental resolution. In d, three-dimensional volume rendering of magnetic 
resonance angiography, showing a partial filling defect (arrow).
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central and lobar arteries; 84% in the segmental 
arteries; and only 40% in the subsegmental 
branches.

In cases of suspected acute pulmonary 
embolism, MRI with a state-of-the-art, three-
component protocol (true fast imaging with 
steady-state precession; perfusion; and MRA with 
parallel acquisition) has recently been shown to 
be highly accurate.(18) The reported per-patient 
sensitivity and specificity, respectively, are 85% 
and 98% for the true fast imaging sequence; 
100% and 91% for the perfusion sequence; and 
77% and 100% for the MRA. The combined 

protocol has a reported sensitivity of 100% and 
a reported specificity of 93%. Although MRI 
and MRA are specific, they have low sensitivity, 
particularly for subsegmental pulmonary 
embolism. Overall, the combined MRI protocol 
has been found to be more reliable and sensitive 
than is 16-slice multidetector CT.(18) The 
average MRI examination time is reported to be 
approximately 10 min.(18)

Pulmonary hypertension

The use of MRI allows the comprehensive 
assessment of pulmonary hypertension, MRA 

a b

c d

Figure 6 - In a and b, high spatial resolution coronal magnetic resonance angiography with contrast media, 
showing an avascular area in the left lung (a) and a filling defect in the left pulmonary artery (b, arrow). In c 
and d, pulmonary perfusion magnetic resonance imaging at the same level as that depicted in a and b. The 
perfusion defect in the left lobe can be seen as an indirect sign of central vascular obstruction.
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and perfusion sequences making it possible to 
identify and differentiate between pulmonary 
embolism and other disease entities.(22,23) In 
addition, MRA allows for an in-depth evaluation 
of the location of the thromboembolic material, 
and, for surgical planning, MRA is equally as 
useful as are digital subtraction angiography 
and CT angiography.(24,25) In MRI, perfusion 
sequences can be quantitatively evaluated, 
allowing the severity of small-vessel disease to be 
assessed. The reduction in perfusion correlates 
with disease severity, and preliminary results 
suggest that perfusion is a sensitive surrogate 
for disease monitoring.(4) Structural imaging of 
the lung will allow the exclusion of parenchymal 
diseases. Measurements of blood flow and right 
heart pressures allow pulmonary arterial pressure 
and cardiac strain to be estimated, as well as 
facilitating the identification of concomitant 
valvular disease. 

Patients with cystic fibrosis

Cystic fibrosis is an autosomal recessive 
disorder caused by mutations in a single gene 
(located on the long arm of chromosome 7) 
that encodes the cystic fibrosis transmembrane 
conductance regulator protein, which functions 
as an anion channel. The standard radiological 
tools for monitoring lung disease in patients 
who have cystic fibrosis are chest X-ray and 
HRCT, the results of which are evaluated with 
various scoring systems.(26) Scans obtained using 
HRCT provide images of lung structure with 
micrometer-scale resolution, and HRCT findings 
can also constitute useful outcome measures 

for studies of lung disease in cystic fibrosis 
patients.(27,28)

During recent years, a variety of strategies 
have been developed to overcome the inherent 
difficulties of MRI of the lung, leading to 
substantial improvements in temporal and 
spatial resolution, as evidenced in Figure 7.(8) 
Although the spatial resolution of MRI is 
lower than is that of CT, the former has the 
advantage of better contrast-enhanced imaging 
of tissues. In addition, MRI can be used in 
order to assess various aspects of pulmonary 
function, including lung perfusion,(29,30) blood 
flow,(31) respiratory mechanics,(32,33) and (with 
the administration of inhaled contrast agents) 
pulmonary ventilation.(34)

Although there are few reports in the 
literature, MRI is widely used as a means of 
screening for cystic fibrosis and surveillance 
of cystic fibrosis patients. Recent studies have 
shown that MRI is highly capable of revealing 
the bronchiectasis typical of cystic fibrosis, as 
well as mucus plugging, and that MRI has a 
diagnostic value equal to that of CT in grading 
the severity of the disease with the Bhalla or 
Helbich score.(35)

Patients with pneumonia

The various features of pneumonia, such 
as ill-defined nodules, ground-glass opacities, 
and consolidations, can be easily detected 
and differentiated with MRI. In chest X-ray, 
extremely small nodules and calcifications pose 
great challenges because of the thickness of the 
slice and the low intensity of the signal. As a 
follow-up tool, MRI is recommended over CT, 
in order to avoid excessive exposure to ionizing 

a b c

Figure 7 - In a and b, axial T1-weighted gradient-echo magnetic resonance imaging sequence (volumetric 
interpolated breath-hold examination), with an isotropic resolution of 1 mm, showing bronchiectasis with 
mucoid impaction (arrows). In c, pulmonary perfusion magnetic resonance imaging, showing multiple perfusion 
defects.
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radiation. Figure 8 shows a comparison between 
a chest X-ray and MRI scans of the same chest. 
The sensitivity of T2-weighted sequences and 
the potential of contrast-enhanced T1-weighted 
sequences can greatly facilitate the differential 
diagnosis.(36) In addition, incipient complications, 
such as pericardial effusion, pleural effusion, 
empyema, and lung abscess, are easily recognized 
on MRI scans. In immunocompromised patients, 
MRI is nearly as accurate as is CT for the 
detection of pulmonary abnormalities.(8)

Patients with interstitial lung disease

The use of MRI in the assessment of 
interstitial lung disease (ILD) has been limited 
by the low proton density of the lungs, resulting 
in low signal-to-noise ratios and signal loss due 
to motion artifacts (respiratory and cardiac), as 
well as susceptibility artifacts due to multiple 
air-tissue interfaces. However, evidence suggests 
that MRI can play a role in the assessment of 
disease activity in ILD, and recent technological 
refinements have led to a considerable 
improvement in the quality of MRI scans, 
potentially creating opportunities for the use of 
MRI in select patients with ILD. Typical patterns, 
such as reticular/reticulonodular changes, 
ground-glass opacities, consolidation, and 
honeycombing, are easily visualized with MRI.
(37) However, although MRI has the advantage 
of avoiding radiation exposure, the accuracy 

of MRI is lower than is that of CT in patients 
with ILD. Functional imaging, using contrast-
enhanced perfusion MRI and ventilation MRI 
with hyperpolarized gases or oxygen, can be 
used for the assessment of restrictive lung 
disease. Routine contrast-enhanced MRI allows 
the inflammatory activity in various types of ILD 
to be estimated, giving MRI a clear advantage 
over CT, which has limitations in differentiating 
between active inflammation and early-stage 
fibrosis.(37)

Limitations of MRI of the lung

In healthy individuals, approximately 70% 
of the lung consists of air-filled spaces. Because 
those spaces do not contain protons, which are 
essential to generating an image in MRI, no 
signal can be detected. Although the remaining 
30% contains protons, either localized in the 
tissue or within the blood volume, the generation 
of signals from such components is hampered 
by two major factors: air and tissue have very 
different magnetic properties, and the countless 
interfaces between these two structures therefore 
generate significant so-called susceptibility 
artifacts that ultimately result in a loss of signal 
for fine structures such as alveolar septae; and 
blood flow is pulsatile, which, together with 
respiratory motion and cardiac contraction, 
poses specific methodological challenges in MRI. 
Overall, the lung is probably the most difficult 

a b c

Figure 8 - In a, chest X-ray showing a suspicious opacity in the right lung (arrow). In b, axial T1-weighted 
magnetic resonance image showing homogeneous segmental consolidation with air bronchogram. In c, sagittal 
T1-weighted magnetic resonance image clearly depicting a lesion in the superior segment of the lower lobe. 
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PET/CT. In addition, MRI is a safer modality 
than is PET/CT, because of the differences 
in the imaging system itself. The powerful 
magnetic field and radiofrequency energy of 
MRI have not been shown to cause cancer or 
fetal abnormalities, unlike the ionizing radiation 
used in CT. It is of note that, although X-rays are 
known to cause cancer, the exact risk of cancer 
from receiving CT scans, even multiple CT scans, 
remains unknown.(40)

Final considerations

In conclusion, with its rapid development 
in recent years, MRI of the lung is now truly 
at the threshold of broad clinical application. 
Disease of the airways and vasculature, as well 
as nodules and lung cancer, now constitute a 
major focus. Because MRI offers a number of 
advantages when compared with conventional 
nuclear medicine techniques, it is challenging 
multidetector CT in many applications. The 
fact that it does not involve the use of ionizing 
radiation puts MRI of the chest in a front-line 
position for all cross-sectional imaging studies in 
children. The unique combination of structural 
and functional information makes MRI attractive 
for use in all diseases in which the choices among 
innovative and expensive treatment options will 
actually require and benefit from an increased 
number of measurable parameters.
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