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Hybrid PET/MR imaging is emerging as a diagnostic tool in
clinical practice, with the major vendors now providing hybrid
scanners that are certified for clinical use. This new hybrid tech-
nique is certainly more complex and challenging than its predeces-
sor, PET/CT (1). Beyond the technical challenge of the magnetic
field interfering with PET detectors, which led to the development
of a new generation of solid-state detectors that are MR-compatible,
several other technical challenges still exist. The most widely dis-
cussed is calculation of tissue attenuation from MR images to cor-
rect PET images and accurately visualize and measure the true
tracer concentrations in different parts of the body.
The current technique requires segmentation of anatomic

structures to assign to soft tissue an estimated tissue-correction
factor different from that assigned to air-filled cavities and lungs.
Although an approximated correction such as this is sufficient for
most clinical applications, its inaccuracy can limit the use of tracer
concentration measurement for more precise studies of certain
biomarkers.
The major limitation of this technique is the difficulty in

accurately identifying bone structures on conventional MR images

See page 951

and thereby estimating the additional attenuation factor of bones
(2). This limitation results in inaccuracy in the quantitative
measurement of tracer concentration (such as standardized up-
take value) in different organs, particularly those near dense
bones. Although recent publications have shown that measure-
ment of standardized uptake value may be inaccurate because of
the lack of bone attenuation, the marginal range of error (10%–
20%) may not have a significant impact in most clinical appli-
cations. Awareness of such inaccuracy is being factored into the
expert interpretation of imaging data and has only a limited
effect on global diagnostic accuracy and patient management.
Efforts are under way, however, to develop innovative techniques
to identify bone structures on MR images so that the accuracy of

quantitative measurements of tracer concentrations can be im-
proved (3).
Several other limitations of PET/MR in comparison with PET/

CT have also been identified and discussed in recent clinical

validation studies. The most prominent is the limitation of MR in

imaging lung tissue, therefore affecting the accuracy of diagnosing

lung lesions. It is not uncommon that a patient with suspected lung

lesions on PET/MR will then require CT or PET/CT of the lungs.

Major artifacts from metallic implants are another limitation, as

these are much more prominent on PET/MR than on PET/CT

images and can seriously limit image interpretation.
One artifact that has not yet been clearly evaluated is the effect

of the high magnetic field on the trajectory of positrons emitted by

PET radioisotopes. In this issue of The Journal of Nuclear Med-

icine, Kolb et al. (4) report on this artifact. Many authors have

predicted that the high magnetic field will reduce the positron

range in the plane perpendicular to the static field, thus improv-

ing transaxial resolution. However, little has been mentioned

about the possibility that axial resolution may be affected by

the elongation of the positron range distribution along the mag-

netic field. Furthermore, depending on the energy of the positron

and the type of tissue encountered, this phenomenon may gen-

erate a shine-through artifact in neighboring anatomic struc-

tures. This effect is nicely demonstrated in the paper by Kolb

et al., with exquisite illustrations of its visual representation in

animal models.
The work of Kolb et al. shows the risk of false interpretation of

tracer uptake in tissue adjacent to a focus of high tracer uptake. This

effect was previously observed by Abduhl-Fatah et al. in PET/CT

images with high-energy PET isotopes (124I) but was never ob-

served with the lower-energy isotopes that are commonly used in

clinical practice. In PET/MR scanners, this shine-through effect is

exacerbated with lower-energy isotopes by the elongation of the

positron range in the axial direction of the magnetic field. This

phenomenon is observed only if the source of high tracer uptake

is adjacent to an air cavity, such as in the animal model used by

Kolb et al., in which the shine-through artifact was shown at the

opposite side of the airway along the magnetic field. In denser

tissues or even in the lungs, this phenomenon is much less prom-

inent or even nonexistent. However, it should be acknowledged and

well understood in areas near airways, particularly in head-and-

neck studies, for which PET/MR is preferred for assessment and

follow-up of tumors (5).
The high metabolic activity of a tumor near airway cavities may

generate a shine-through artifact in the opposite wall in the axial

direction. Interpreting physicians must be trained to identify these
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artifacts and avoid misinterpretation of abnormal tracer uptake in
normal tissue. When there is doubt, a complementary PET/CT
acquisition of the same region may help eliminate the artifact (6),
as nicely demonstrated by the comparison of PET/CT images with
PET/MR images in the paper by Kolb et al. As they point out, it is
fundamental to identify situations in which positron shine-through
may hamper accurate quantification and diagnosis. This observa-
tion highlights the importance of proper training and in-depth
understanding of the physics of PET/MR when studies are inter-
preted in clinical routine. Although such a phenomenon may not
be frequent and may be easily identified, there is still a risk of
erroneous interpretation of abnormal tracer uptake in areas of
normal tissue.
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