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Introduction:

The differentiation between a central mass and poststenotic atelectasis is of significant clinical value. In particular for biopsy in staging of lung cancer
and other malignant diseases like malignant lymphoma a precise depiction of the target helps to increase the likelihood of acquiring a representative
sample. Another potential application is the definition of appropriate target volumes for radiotherapy planning. To be able to describe the changes of
the atelectasis separately from the tumor itself might also contribute to follow up of changes during therapy.

For this purpose, the combination of Computed Tomography (CT) with '®F-FDG-Positron Emission Tomography (PET) - so-called PET/CT - has
been introduced recently. While general form and overall size of a primary pulmonary tumor and secondary changes can be identified on CT,
delineation of the border between vital tumor, necrosis and adjacent atelectasis is usually difficult. The high specificity of functional information like
glucose uptake and metabolism as obtained from "*F-FDG-PET and the excellent spatial resolution from the CT are combined in this examination.
However, MRI of the lung including dynamic series could not only contribute additional soft tissue contrast, but also an analysis of tumor
displacement during respiration. The aim of this work was to evaluate the possible benefits of combining metabolic and respiratory function fusing
'8E_.FDG-PET with high resolution Magnetic Resonance Imaging (MR).

Methods:

3 patients with suspected lung cancer underwent routine staging with
contrast enhanced CT of the thorax. After determining the clinical indication
of performing '"*F-FDG-PET to differentiate the tumor and associated
atelectasis, the patients were asked to enroll for an additional MR study. The
MRI protocol included a range of morphological sequences like steady-state
GRE (coronal and transversal, TR 437.2ms, TE 1.16ms, FA 80°, TA 56s,
tidal breathing), half-Fourier single shot TSE (coronal and transversal, TR
600ms, TE 31ms, FA 180°, TA 18s, insp. breath hold), high-resolution (1.3
x 1.0mm), navigator triggered T2-TSE (coronal, TR 1700ms, TE 100ms, FA
150°, TA >5min, free breathing), multi breath hold STIR (coronal and
transversal, TR 3360ms, TE 100ms, FA 150°, TA 54s, multi breath hold)
and 3D-GRE (coronal and transversal, TR 3.15ms, TE 1.38ms, FA 8°, TA
20s, insp. breath hold; native and contrast-enhanced: Gd-DTPA, 0.07
mmol/kg i.v.) of the lung.

Additional MR based functional imaging of the lung was performed. Tumor
perfusion was measured using a hybrid breath hold and free breathing,
navigator triggered fast low angle shot GRE (transversal, TR 2.32ms, TE
0.76ms, FA 15°, TA ~4min, Gd-DTPA, 0.07 mmol/kg i.v. 5Sml/s) and tumor
motion was measured with steady-state GRE in tidal breathing.

From the dynamic PET 4-dimensional images, parametric images
(regression-based) were computed and a software fusion with the
corresponding MR images was performed based on the use of the mutual
information (MI) algorithm.
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Results:

In all three patients, routine CT did not allow to differentiate between the central mass and the atelectasis. Instead, MRI with native T2 weighted
sequences allowed to delineate tumor margins inside the atelectasis and tumor. A very good differentiation was possible with the contrast enhanced
VIBE. The demarcated tumor in the MR showed a corresponding uptake in the '*F-FDG-PET.

Furthermore thoracic motion during breathing was reliably tracked in the MR with steady-state GRE. The tumor, delineated in the fused PET and
MR images, showed a marked difference in displacement and local deformation from the adjacent atelectasis.

Discussion and Conclusion:

Like PET/CT the fused PET and MR images generate a benefit in combining functional parameters with high resolution imaging for better tumor
delineation. The benefit of the fused PET and MR images over the PET/CT is the additional functional information from the MR. MRI findings give
a second view on defining the border between tumor and secondary changes by the use of perfusion parameters, proton density and motion. Follow
up examinations as well as target volume definition in radiotherapy treatment are very likely to benefit from the increased information in a single,
fused PET and MR image. The added functional information, for example the tumor and atelectasis motion should allow for a better alignment of
target volume in Radiotherapy.
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