From low-dose to no-dose: thin-section magnetic resonance
imaging for evaluation of pulmonary nodules
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Magnetic resonance imaging (MRI) of the lung remains a
challenge for radiologists, due to certain limitations such
as the low proton density of pulmonary parenchyma and
fast signal decay associated with susceptibility artefacts at
air-tissue interfaces. While gross pathologies of the lung
parenchyma can usually be visualized, MRI could not be
clinically established so far for the detection and evaluation
of pulmonary nodules. However, technical advances during
the past two decades, such as parallel imaging, rotated
phase-encoding, and shared-echo technique have led lung
MRI from a technological alcove to the doorsteps of clinical
routine (1-3).

Compared to computed tomography (CT), MRI offers
the additional advantage to provide additional functional
information that may go beyond the pure morphologic
assessment, allowing for repeated measurements and to
evaluate different parameters. This intrinsic aspect of MRI
has already been appreciated in other fields of chest imaging,
such as cardiac MR, in which technological advances
and standardized protocols have helped to establish this
method in clinical routine within a relatively short period
of time from its introduction (4,5). For these applications,
MRI benefited mostly from its ability to provide superior
soft tissue contrast and the lack of associated ionizing
radiation. Several studies have already demonstrated the
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non-inferiority of MRI in detecting extensive pulmonary
pathologies such as pneumonia, especially those that
result in an increase of pulmonary proton density (6,7).
On the other hand, although technological advances have
brought relevant progress to lung MRI as well, imaging of
pulmonary nodules remains a challenge and there is still
scepticism to introduce this technique in a broader clinical
scenario (1,2,8).

In the August 2017 issue of Radiology, Ohno et al.
reported their results from a single-center prospective
trial, in which thin-section MRI with ultrashort echo time
(UTE) was directly compared to standard and low-dose
CT (LDCT) for the detection and characterization of
pulmonary nodules (9). In their paper, the authors reported
that the capability of lung MRI with UTE was non-inferior
to LDCT and standard CT. They reported a high sensitivity
of at least 92.2% and specificity of 99.5% for all modalities
without significant differences. In addition, they also found
that inter-observer and inter-method agreement of MRI
with LDCT and standard CT were both excellent. These
results are concordant with results from prior smaller,
focused studies and encourage the application of MRI as a
substitute or at least a viable alternative without exposure
to ionizing radiation to CT imaging in the detection and
characterization of pulmonary nodules in the future (3,7-9).
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In their analysis, Ohno et al. evaluated a total of 243
nodules, of which 49 (20%) were larger than 15 mm, and
150 (62%) were larger than 8 mm. In addition, the average
diameter of pseudo solid nodules was 22.9+4.4 mm, almost
the double of solid nodules (11.1£6.6 mm). While such
averages are relatively large, it should be pointed out that
there were 38 solitary nodules with a diameter of 4-6 mm.
No nodules with a diameter below 4 mm were analyzed
which should emphasize the remaining relevance of LDCT
and standard CT, especially for screening purposes (10,11).
Nevertheless, such small lesions might not be considered
worthy of any further examination, even according to the
most recent updates from the Fleischner Society, in which
follow-up is generally suggested for nodules larger than
6 mm (12).

Additionally, according to Fleischner Society
recommendations, initial and follow-up studies should be
performed with similar technique to minimize interscan
variability, even considering the variety of dose reduction
techniques, dose modulation and iterative reconstruction
algorithms that may be used in LDCT (13). This might be
especially true for usage of lung MRI which has not been
included in these recommendations so far.

Moreover, a proper detection and assessment of
calcification size and distribution represents a major
diagnostic criterion when characterizing pulmonary nodules,
which may be not properly achieved with lung MRI (10,11).
However, despite the limited ability of MRI to visualize
calcified nodules, the evaluation of different parameters
might overcome these shortcomings. In fact, the inclusion
of specific sequences in a lung MRI protocol, such as
diffusion-weighted imaging, T2-weighted imaging, proton-
density-weighted or short-tau inversion recovery sequences
might further increase detection and characterization of
pulmonary diseases (14-16). Nevertheless, due to generally
slower and repeated imaging acquisition, respiratory and
cardiac motion may have a stronger influence on image
quality in MRI compared to CT.

Lung MRI with UTE itself has also been shown to
perform well for depicting accompanying radiological
findings either of mediastinal (i.e., aneurysm, pericardial
or pleural effusion, pleural thickening, lymphadenopathy)
or lung parenchymal diseases (i.e., pulmonary fibrosis,
infectious diseases) with similar accuracy compared to
standard and LDCT (7,17). However, certain pulmonary
conditions such as emphysema, bullae, bronchiectasis,
and reticular opacities, still represent a possible limitation
regarding the performance of lung MRI, whereas standard
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CT and LDCT play a key role (10,18,19). However,
considering the continuous technical advances and
encouraging results, lung MRI may become a modality of
choice for cases in which exposure to ionizing radiation
should be strictly avoided, in particular infants (20).
However, further and larger studies are needed to provide
more accurate data of sensitivity and specificity of lung MRI
in detecting also smaller pulmonary nodules.

Once broadly available, sufficiently robust, and also
appropriately reimbursed, lung MRI could become the first
line imaging method for the assessment of chest diseases
in younger patients, pregnant women, and disorders
requiring repeated examinations over prolonged periods, in
which MRI could contribute significantly to lowering the
cumulative radiation dose (21).

Acknowledgements

None.

Footnote

Conflicts of Interest: Dr. Julian L. Wichmann received
speaker’s fees from Siemens Healthcare and GE Healthcare.
Other authors have no conflicts of interest to declare.

References

1. Puderbach M, Hintze C, Ley S, et al. MR imaging of
the chest: a practical approach at 1.5T. Eur J Radiol
2007;64:345-55.

2. Webb WR, Gatsonis C, Zerhouni EA, et al. CT and MR
imaging in staging non-small cell bronchogenic carcinoma:
report of the Radiologic Diagnostic Oncology Group.
Radiology 1991;178:705-13.

3. Dewes P, Frellesen C, Al-Butmeh F, et al. Comparative
evaluation of non-contrast CAIPIRINHA-VIBE 3T-MRI
and multidetector CT for detection of pulmonary nodules:
In vivo evaluation of diagnostic accuracy and image quality.
Eur J Radiol 2016;85:193-8.

4. D'Angelo T, Grigoratos C, Mazziotti S, et al. High-
throughput gadobutrol-enhanced CMR: a time and dose
optimization study. ] Cardiovasc Magn Reson 2017;19:83.

5. Kramer CM, Barkhausen J, Flamm SD, et al. Standardized
cardiovascular magnetic resonance (CMR) protocols 2013
update. ] Cardiovasc Magn Reson 2013;15:91.

6. Fink C, Puderbach M, Biederer J, et al. Lung MRI at
1.5 and 3 Tesla: observer preference study and lesion

7 Thorac Dis 2018;10(Suppl 9):S1055-S1057



Journal of Thoracic Disease, Vol 10, Suppl 9 April 2018

contrast using five different pulse sequences. Invest Radiol
2007;42:377-83.

7. Ohno Y, Koyama H, Yoshikawa T, et al. Pulmonary high-
resolution ultrashort TE MR imaging: Comparison
with thin-section standard- and low-dose computed
tomography for the assessment of pulmonary parenchyma
diseases. ] Magn Reson Imaging 2016;43:512-32.

8. Biederer ], Schoene A, Freitag S, et al. Simulated
pulmonary nodules implanted in a dedicated porcine
chest phantom: sensitivity of MR imaging for detection.
Radiology 2003;227:475-83.

9. Ohno Y, Koyama H, Yoshikawa T, et al. Standard-,
Reduced-, and No-Dose Thin-Section Radiologic
Examinations: Comparison of Capability for Nodule
Detection and Nodule Type Assessment in Patients
Suspected of Having Pulmonary Nodules. Radiology
2017;284:562-73.

10. Hsu HT, Tang EK, Wu MT, et al. Modified Lung-

RADS Improves Performance of Screening LDCT in a
Population with High Prevalence of Non-smoking-related
Lung Cancer. Acad Radiol 2018. [Epub ahead of print].

11. Aberle DR, Adams AM, Berg CD, et al. Reduced lung-
cancer mortality with low-dose computed tomographic
screening. N Engl ] Med 2011;365:395-409.

12. MacMahon H, Naidich DP, Goo JM, et al. Guidelines for
Management of Incidental Pulmonary Nodules Detected
on CT Images: From the Fleischner Society 2017.
Radiology 2017;284:228-43.

13. Bankier AA, Tack D. Dose reduction strategies for thoracic
multidetector computed tomography: background,
current issues, and recommendations. ] Thorac Imaging
2010;25:278-88.

Cite this article as: D’Angelo T, Vogl TJ, Wichmann JL.
From low-dose to no-dose: thin-section MRI for evaluation
of pulmonary nodules. ] Thorac Dis 2018;10(Suppl 9):5S1055-
S1057. doi: 10.21037/jtd.2018.04.65

© Journal of Thoracic Disease. All rights reserved.

14.

15.

16.

17.

18.

19.

20.

21.

$1057

Koyama H, Ohno Y, Aoyama N, et al. Comparison

of STIR turbo SE imaging and diffusion-weighted
imaging of the lung: capability for detection and subtype
classification of pulmonary adenocarcinomas. Eur Radiol
2010;20:790-800.

Liu H, Liu Y, Yu T, et al. Usefulness of diffusion-weighted
MR imaging in the evaluation of pulmonary lesions. Eur
Radiol 2010;20:807-15.

Tondo F, Saponaro A, Stecco A, et al. Role of diffusion-
weighted imaging in the differential diagnosis of benign
and malignant lesions of the chest-mediastinum. Radiol
Med 2011;116:720-33.

Gai ND, Malayeri A, Agarwal H, et al. Evaluation of
optimized breath-hold and free-breathing 3D ultrashort
echo time contrast agent-free MRI of the human lung. J
Magn Reson Imaging 2016;43:1230-8.

Costa C, Ascenti G, Scribano E, et al. CT patterns

of pleuro-pulmonary damage caused by inhalation of
pumice as a model of pneumoconiosis from non-fibrous
amorphous silicates. Radiol Med 2016;121:19-26.

Kato K, Gemba K, Ashizawa K, et al. Low-dose chest
computed tomography screening of subjects exposed to
asbestos. Eur J Radiol 2018;101:124-8.

Hahn AD, Higano NS, Walkup LL, et al. Pulmonary MRI
of neonates in the intensive care unit using 3D ultrashort
echo time and a small footprint MRI system. ] Magn
Reson Imaging 2017;45:463-71.

Eibel R, Herzog P, Dietrich O, et al. Pulmonary
abnormalities in immunocompromised patients:
comparative detection with parallel acquisition MR
imaging and thin-section helical CT. Radiology
2006;241:880-91.

jtd.amegroups.com F Thorac Dis 2018;10(Suppl 9):S1055-S1057



