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Abstract
Multimodality imaging has made great strides in the imaging evaluation of patients with a variety
of diseases. Positron emission tomography/computed tomography (PET/CT) is now established as
the imaging modality of choice in many clinical conditions, particularly in oncology. While the
initial development of combined PET/magnetic resonance imaging (PET/MRI) was in the
preclinical arena, hybrid PET/MR scanners are now available for clinical use. PET/MRI combines
the unique features of MRI including excellent soft tissue contrast, diffusion-weighted imaging,
dynamic contrast-enhanced imaging, fMRI and other specialized sequences as well as MR
spectroscopy with the quantitative physiologic information that is provided by PET. Most
evidence for the potential clinical utility of PET/MRI is based on studies performed with side-by-
side comparison or software-fused MRI and PET images. Data on distinctive utility of hybrid
PET/MRI are rapidly emerging. There are potential competitive advantages of PET/MRI over
PET/CT. In general, PET/MRI may be preferred over PET/CT where the unique features of MRI
provide more robust imaging evaluation in certain clinical settings. The exact role and potential
utility of simultaneous data acquisition in specific research and clinical settings will need to be
defined. It may be that simultaneous PET/MRI will be best suited for clinical situations that are
disease-specific, organ-specific, related to diseases of the children or in those patients undergoing
repeated imaging for whom cumulative radiation dose must be kept as low as reasonably
achievable. PET/MRI also offers interesting opportunities for use of dual modality probes. Upon
clear definition of clinical utility, other important and practical issues related to business
operational model, clinical workflow and reimbursement will also be resolved.

Medicine is evolving toward personalized care. This notion entails an amalgamation of data
from multiple sources. Molecular imaging contributes significantly to the personalized
medicine through providing noninvasive spatiotemporal information on physiologic and
pathologic processes that then can be used not only for accurate diagnosis and determination
of extent of disease but also for rational targeted therapy and treatment monitoring (1).
Multimodality imaging contributes significantly in this new paradigm that in conjunction
with other important data (e.g. genetic, clinical) can pave the way toward personalized
medicine.
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Integrated positron emission tomography/computed tomography (PET/CT) with the most
common PET radiotracer, 18F-fluorodeoxyglucose (FDG) is now established as an
important milestone in the imaging evaluation of patients with variety of disorders,
particularly cancer (2). Nearly a decade after the introduction of PET/CT, clinical combined
PET/magnetic resonance imaging (PET/MRI) systems have become available commercially.
It is interesting to note that PET/MRI systems were developed first in the pre-clinical arena
(3–6). With the success of clinical PET/CT and the unique features offered by MRI (e.g.
excellent soft tissue contrast, options for multiparametric and functional imaging such as
dynamic contrast enhancement or DCE and diffusion-weighted imaging or DWI, and lack of
ionizing radiation), it was anticipated that clinical PET/MRI system will eventually appear
in the market (7–13).

This article reviews the currently available clinical hybrid PET/MRI systems from the point
of view of potential competitive advantages that they may provide over PET/CT camera
systems and discuss the challenges ahead for mainstream placement of these systems in the
care of patients under the paradigm of personalized medicine.

Clinical PET/MRI Systems
The first integrated clinical PET/MRI scanner (Brain PET, Siemens) was tailored to brain
imaging in which a PET insert for a standard 3.0-T MRI scanner was devised (14). Recently,
the 3 major imaging system vendors have come up with different approaches for performing
whole-body PET/MRI. Torigian et al provides an excellent review of the technical details
and features of each of these 3 approaches (15)(Figure1).

The sequential approach has been implemented by GE Health Care (Milwaukee, WI). and
Philips Healthcare (Best, The Netherlands). The GE approach is essentially using two stand-
alone systems in two separate but adjacent rooms that can be used either separately for
performing PET or MRI studies or be used to shuttle a common mobile patient bed from one
scanner room to the other scanner room. Attenuation correction of PET data is CT-based.
This trimodality approach is the simplest in the sense of least technical hurdles with scanner
integration and least challenges with workflow. Such a system allows for the independent
use of the magnet system for clinical MR only imaging while PET imaging is being acquired
on different patients. However, patient motion artifact between the 2 separate scans may be
problematic (16).

The Philips approach is also a sequential approach that uses the Ingenuity time-of-flight PET
scanner and a 3.0-T MRI placed next to each other in tandem in a large room with a patient
bed that can be rotated 180° to transfer the patient from one scanner to the other scanner (17,
18). This system uses a MR-based attenuation correction scheme. Similar to the GE
approach, the serial scanning approach by Philips is associated with less technical issues
(e.g. shielding) but is probably more prone to patient motion artifact and is incapable of
parallel data acquisition.

The Siemens scanner (Biograph mMR) is a fully integrated single gantry system with the
PET detector ring placed within the 3.0-T MRI main magnet (19–21). This simultaneous
acquisition approach offers potentially exquisite structural and functional images (Figure 2).
Significant technical challenges had to be overcome including design and implementation of
MRI-compatible PET photodetectors (avalanche photodiodes) and techniques for
maintaining magnetic field homogeneity and novel MR-based attenuation correction of PET
data. Comprehensive review of the work-in-progress regarding the various approaches
(segmentation, atlas or template-based), including advantages and disadvantages, to MR-
based attenuation correction of PET imaging data have been published elsewhere (22–27).
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Current Challenges
As with introduction of any new diagnostic imaging technique, there are many challenges
that will need to be addressed. PET/MRI systems appear to have been technically developed
ahead of detailed considerations for many important practical issues including identification
of clinical applications that would benefit exclusively from simultaneous imaging
acquisition or dual-modality imaging probes, clinic workflow, optimized scan protocols,
artifact handling, regulatory requirements, risks and safety considerations, training and
credentialing needs for image interpretation, comparative effectiveness, cost-utility, and
study reimbursement issues (28–32). Many of these challenges are currently being worked
out. The reader is directed to an excellent review that summarizes the workflow and scan
protocol consideration for integrated whole-body PET/MRI in patients with cancer (33–36).
With regards to quantitative accuracy of PET, preliminary evidence suggests that MR
contrast agents will not have adverse effects and that PET-derived semi-quantitative values
are highly correlated to those values obtained from PET/CT (37, 38). The issue of
credentialing has begun to be addressed in the US by a joint task force from the American
College of Radiology and the Society of Nuclear Medicine and Molecular Imaging. Much
work will be needed with regards to comparative effectiveness in various clinical settings
which will then provide evidence for implementation of reimbursement by payers justifying
broad-spectrum purchase and clinical use of PET/MRI systems.

Potential Clinical Applications of Integrated PET/MRI
While it is commonly agreed upon that combination of both PET and MRI can be useful in
the imaging evaluation of various pathologic states, the need for simultaneity is still in
debate. Nevertheless, PET/MRI provides unparalleled structural, metabolic, and functional
(Figure 3) information which can significantly impact diagnostic evaluation and affect
clinical decision-making, patient management, and potentially patient outcome. It may also
enhance patient convenience by providing a “one-stop shop” diagnostic imaging work-up,
reducing patient anxiety, total scan time, potential recalls for repeat scanning. In this section,
we briefly review the current evidence on use of PET/MRI in various disease processes that
may pave the way for identification of unique clinical situations where an integrated PET/
MRI would be the most appropriate and accurate imaging modality for diagnostic
evaluation. However, at the outset, it may be that simultaneous PET/MRI may be best suited
for clinical situations that are disease-specific, organ-specific, or related to diseases of the
children or those patients in whom cumulative radiation dose is desired to be kept as low as
reasonably achievable. Here we briefly provide general information on how and why
simultaneous PET/MRI may be useful in various clinical settings.

Neuropsychiatric
Catana et al summarized the potential clinical application of PET/MRI in patients with
various neurological disorders (39). As noted by these authors, the simultaneous acquisition
of PET and MRI data may be quite useful in translational neuropsychiatric research by
providing an opportunity to collect comprehensive quantitative imaging-based data on a
number of physiologic events (e.g. perfusion, metabolism, oxygenation, etc).

An area of growing interest in diagnostic imaging is in dementia work-up. This is further
fueled by recent approval for use of PET agents for amyloid imaging (40). PET allows
assessment of the relevant pathophysiology while MRI provides exquisite information on
brain substructures as well as unique information such as diffusion tensor imaging,
functional MRI, and default mode network (41–48). It is presumed that simultaneous PET/
MRI can provide much convenience to these patients who are often elderly and may not
tolerate repeated or long imaging sessions (49) (Figure 4). It can also help in deciphering the
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pathophysiology of the sequence of events that occurs in neurodegeneration in various
dementia categories allowing not only for accurate differential diagnosis but also for
objective evidence for clinical decision-making for a particular course of therapy.

PET (with a variety of relevant tracers including FDG) and MRI have also been separately
used for localization of epileptogenic focus in patients with intractable seizure (Figure 5). It
is clear that if a combined PET/MRI can provide sufficient information on localization of
the epileptogenic focus, that will probably be preferred by the patient and the provider rather
than performing these studies in two imaging sessions, often much separated in time from
each other, delaying diagnosis and therapy.

Another important clinical arena that simultaneous PET/MRI may be contributory is in
detection of salvageable brain in patients with stroke. It would be desirable if the clinician
can decide on appropriate treatment (short-term and long-term) based on a comprehensive
“one-stop shop “imaging information on the presence and extent of stroke. This can be, as
previously suggested, a disease-specific route for determining the diagnostic utility of
integrated PET/MRI in this important and prevalent clinical setting.

Cardiac
There is a rich and long published history of the utility of either PET with various
radiotracers or MRI with various scan protocols in the imaging evaluation of the heart for an
array of disorders. The pivotal question is whether simultaneous PET/MRI may provide a
competitive advantage over separate clinical examinations. The answer to this question is
not clearly evident at this time. However, we know that combining PET and MRI diagnostic
information can be quite useful in deciphering various cardiac disease entities (50).

MRI provides efficient, accurate, and reproducible detailed morphological, functional,
perfusion, and viability results in a 30 to 60 minute examination without ionizing radiation.
While coronary artery anatomy may be interrogated with MRI techniques, reliable results
are not universally reported. PET may provide quantitative information on myocardial
perfusion, contractility, viability, and adrenogeric function, potentially predicting outcomes
long before there are morphologic or functional abnormalities. Not all patients however can
be imaged with MRI (e.g. patients with pacemakers, implantable cardioverter defibrillators,
etc). Some patients may not tolerate the relatively enclosed environment of the magnet bore
in view of claustrophobia. Patients with severe renal disease may also not be able to receive
MR contrasts that can lead to nephrogenic systemic fibrosis although this condition is much
less common than the nephropathy induced by the iodinated CT contrast agents.

A possible workflow for combined PET/MRI cardiac study may last as long as 45 minutes
which includes serial assessment of cardiac wall motion, attenuation correction sequence,
assessment of coronaries and stress perfusion, another attenuation correction sequence
followed by rest perfusion assessment and delayed enhancement and finally assessment for
coronary arterial inflammation (50). This examination will provide comprehensive
diagnostic information on pericardiac and cardiac morphology, valvular function, coronary
arterial status (e.g. anatomy, stenosis, plaques), ischemia, infarction, myocardial viability,
inflammation (myocarditis, pericarditis), cardiomyopathy, left ventricular wall motion and
thickening, and metabolism (50, 51). There is also opportunity for specialized interrogation
of other pathophysiologic events such as sympathetic innervation, angiogenesis, hypoxia,
apoptosis, receptor expression and enzymatic activity (Figure 6). Additional interesting
areas of investigation in the coming years would be related to PET/MRI assessment of
response to gene therapy and evaluation of stem cell delivery, viability, and differentiation.
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Oncologic
Buchbender et al present a case-based summary of the potential utility of PET/MRI in
patients with cancer (52, 53). As they note, PET/MRI may be highly accurate in T-staging of
tumors for which MRI is routinely employed, such as head and neck cancer and primary
bone and soft tissue tumors. For N-staging, the performance will probably be similar to
PET/CT although use of the novel lymphotropic superparamagnetic nanoparticles may
provide new opportunities for detection of nodal micrometastases that is not possible with
PET/CT (54). For M-staging, the authors contend that MRI may provide higher accuracy for
detection of lesions particularly in the brain, liver, and bone.

Kjaer et al reviewed their initial experience with the integrated PET/MRI system (Siemens
Biograph mMR) that was installed at their facility in Copenhagen in December 2011 (55). A
set of scanning protocols for specific organs (brain, head and neck, pelvis), patient
population (e.g. children) and whole-body oncology are presented lasting from as short as 20
minutes (head and neck oncology) to as long as 45 minutes (whole-body oncology). The
authors found that integrated PET/MRI improved delineation of brain tumors for radiation
therapy planning and for defining post-surgical changes from viable tumor. For whole-body
oncology they note that radiation exposure from CT can be avoided and that combined
metabolic and diffusion-weighted imaging may improve assessment for treatment response.

Drzezga et al from Munich, Germany, also summarized their initial experience with the
Siemens Biograph mMR scanner in 32 patients with a variety of cancers (19). In their
protocol, PET/CT was first performed at about 86+/−8 minutes after FDG administration
using a 2 minute per bed position followed by PET/MRI scanning at about 140+/−24
minutes post tracer injection using a 4 minute per bed position. They found that there was no
significant difference between PET/CT and PET/MRI for detection of suspicious malignant
lesions and that there was a high correlation between the mean standardized uptake values
(SUVs) measured by either imaging modality for lesions (ρ=0.93) and background (ρ=0.92)
activities.

In another investigation from Germany, 80 patients underwent single FDG injection, dual
imaging protocol with PET/CT performed first (at mean of 73 minutes post injection and use
of 3 minutes acquisition time per each of 7 bed positions) followed subsequently by PET/
MRI (at mean of 172 minutes post injection and use of 10 minutes acquisition time per each
of 4 bed positions)(56). MR-based attenuation correction was based on Dixon sequence. The
concordance between PET/CT and PET/MRI for localization of lesions was 97.4%. No
elevated noise and radiofrequency disturbances related to hardware cross talk between the
PET and MR components were noted.

With the above overall summary on the usefulness of integrated PET/MRI system, we now
briefly outline some of the studies that focused on specific tumor types.

Brain Tumors—It is interesting to note that the first application of combined PET/MRI
was proposed for high quality anatomical, functional and metabolic imaging evaluation of
the brain (14, 57). Boss et al reported on their initial experience with hybrid PET/MRI in
patients with a number of different intracranial masses using 11C-acetate and 68-Gallium-
DOTA-D-Phe1-Tyr-octreotide (68Ga-DOTATOC) as radiotracers (58). These investigators
found no significant artifacts in the simultaneously acquired PET/MRI images with excellent
agreement between computed tumor-to-reference tissue uptake ratios obtained from PET/
MRI and PET/CT systems. Despite these early enthusiastic results, the exact role of
simultaneously acquired PET/MRI (as opposed to fused images from different camera
systems) in detection and localization of brain primary tumors and metastases needs further
investigation. It is expected that MRI will contribute significantly in delineating cerebral
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lesions given its current major role in this clinical setting (Figures 7, 8). PET with a
particular tracer can also provide clinically relevant information on tumor characterization
and differentiation from post-therapy scar or for treatment planning (59). It is therefore
generally reasonable to presume that PET/MRI will not only have a competitive advantage
over PET/CT in this clinical arena but brain PET/MRI will probably be one of the main
clinical applications of this combined imaging modality in the not too distant future.

Head and Neck Cancer—MRI plays an important role in the imaging evaluation of head
and neck due to its excellent soft tissue contrast that provides detailed anatomical
information in a relatively small compartment. The utility of PET in head and neck cancer
has also been established for detection of occult primary tumor, staging, restaging, treatment
response assessment and prognostication (60, 61). Boss et al reported feasibility of
performing simultaneous PET/MRI in a pilot study of 8 patients with head and neck cancer
that demonstrated lack of recognizable artifacts from the PET insert and excellent agreement
of metabolic ratios to those obtained from PET/CT (62). Platzek et al summarized their
experience with the use of Philips Ingenuity time-of-flight PET/MRI scanner in 20 patients
with head and neck squamous cell carcinoma (63). The patients first underwent a
conventional PET (Siemens ECAT EXACT HR+) on average 64 minutes after FDG
administration. PET/MRI was performed subsequently on average 177 minutes after tracer
injection. The total PET/MRI scan time was 39 minutes. PET/MRI detected the tumor in 17
of 20 patients, 16 by either PET data set and 14 by MRI. The maximum SUVs of tumor sites
from PET/MRI were significantly higher than those obtained from dedicated PET. This
observation was thought to be related to temporal increase in tumor uptake level and
possibly due to influence of the MRI-based attenuation correction scheme.

Lung Tumors—MRI is considered overall less sensitive than CT for detection of
pulmonary lesions (64, 65). However, combination of PET metabolic information, use of
certain MR sequences (half-Fourier, single-shot, turbo spin echo, and DWI) can provide
clinically relevant information on primary and metastatic lung lesions including superior
MRI-based delineation of tumor infiltration to adjacent tissues (66). Nevertheless, lung
evaluation will probably not be the primary indication for combined PET/MRI but this
assertion will need further investigation.

Breast Cancer—Specific data regarding the diagnostic performance of simultaneous PET/
MRI of breast cancer is lacking. MR mammography is highly sensitive for detection of
small tumor deposits but is limited by low specificity. PET also suffers from limited spatial
resolution and can be falsely positive in non-malignant conditions (e.g. some
fibroadenomas). However, as noted by Buchbender and colleagues, PET/MRI may be most
useful in setting of evaluation for suspected tumor recurrence, response to neoadjuvant
therapy, and prognosis (52). In the latter case, MRI can provide accurate delineation of the
local tumor extent and PET supplies prognostically important information on tumor
metabolism (67, 68).

Hepatic and Gastrointestinal Tumors—Information on the diagnostic utility of hybrid
PET/MRI in hepatocellular carcinoma (HCC) is lacking (69, 70). However, based on what is
already known about MRI and PET/CT in this clinical setting, it may be presumed that
hybrid PET/MRI with use of an appropriate radiotracer (e.g. FDG for well-differentiate
HCC and 11C-acetate or 18F-fluorocholine for poorly differentiated HCC) and
multiparametric MRI (e.g. DCE, DWI) may provide a “one-stop shop” accurate imaging
evaluation of HCC (71, 72). With regards to hepatic metastases, results from separately
acquired PET/CT and MRI fusion images suggest that PET/MRI may have an advantage
over PET/CT (73).
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Beiderwellen and colleagues from Germany reported recently on their initial experience
with simultaneous PET/MRI with 68Ga-DOTATOC in comparison to PET/CT in patients
with gastroenterpancreatic neuroendocrine tumors (74). PET/MRI and PET/CT were
essentially equivalent in their diagnostic performance for most lesions except that PET/MRI
missed a number of lung and hypersclerotic bone lesions. It remains for future studies to
elucidate whether PET/MRI may provide a competitive advantage over PET/CT in this
clinical setting.

Prostate Cancer—MRI plays and important role in the clinical imaging evaluation of
prostate gland (75, 76). There is also much active research that is currently underway for the
deciphering the utility of PET with various radiotracers in different clinical phases of
prostate cancer (77). Simultaneous PET/MRI may provide a valuable platform for accurate
imaging assessment of the prostate gland providing opportunity for targeted biopsy reducing
the current high rate of negative “blind” initial and repeated biopsies as well as facilitating
the prospects for targeted focal therapy (male lumpectomy) (Figure 9). There may also be
other unique applications in the imaging evaluation of patients with biochemical failure and
evaluation of treatment response and prognosis in metastatic disease.

Wetter et al reported their initial experience with simultaneous PET/MRI of the prostate
gland using 18F-fluorocholine as the radiotracer in 8 patients with histologically proven
prostate cancer, 2 patients with suspected cancer despite negative repeated biopsy results
and 5 patients with suspected prostate cancer based on elevated or rising prostate specific
antigen (78). High-resolution T2 weighed images localized the areas of elevated 18F-
fluorocholine uptake and there was a high concordance between PET and DWI.

Gynecological Tumors—There are no data on the potential use of hybrid PET/MRI in
gynecological cancers. However, it is recognized that the combination and excellent soft
tissue contrast and diffusion-weighted imaging with MRI in combination with various
radiotracers in conjunction with PET may provide a unique opportunity for PET/MRI in the
imaging evaluation of female pelvis at lower radiation exposure in comparison to PET/CT.
Limited data obtained from fused separate PET and MRI studies in this clinical setting are
supportive of such supposition (79–81).

Soft tissue and Bone Tumors—Bouchbender et al summarize the data from fused PET
and MRI in patients with bone and soft-tissue tumors as well as in lymphoma and melanoma
(53). Based on these data, it appears that PET/MRI may have a competitive advantage over
PET/CT in T-staging of primary bone and soft tissue tumors and in M-staging for hepatic
and cerebral metastases. For N-staging, PET/MRI will probably yield similar performance to
PET/CT. While data on simultaneous PET/MRI in this setting is lacking, single case reports
or other evidence suggest a potentially major role for hybrid PET/MRI in the imaging
evaluation of patients with lymphoma, melanoma, and bone and soft tissue tumors (82–88).

Musculoskeletal
PET/MRI provides an interesting opportunity to assess for musculoskeletal disorders in one
setting. MRI is commonly used for assessment of joints, ligaments, tendons, cartilaginous
structures, and bone marrow (89). PET with FDG has been shown to be useful in the
imaging evaluation of infection including differential diagnosis of osteomyelitis and Charcot
joint in patients with diabetes mellitus (90, 91). It is therefore reasonable to consider that
combined PET/MRI may be helpful in a number of specific clinical situations such as
assessment of arthridies and diabetic foot (92). However, whether simultaneity of this
combined assessment would be beneficial in some way (clinical and financial) will need
additional work.
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Infection and Inflammation
Both PET with FDG and MRI have been shown to be useful for diagnostic evaluation of a
variety of inflammatory and infectious processes (92–94). These may include
spondylodiscitis, inflammatory bowel disease (Crohn's and ulcerative colitis), autoimmune
inflammatory disorders (e.g. Sjogren's syndrome), sarcoidosis, arthritidies (rheumatoid
arthritis, psoriatic arthritis, osteoarthritis), vasculitidies, systematic lupus erythematosus and
metabolic syndrome. The inquiry remains whether simultaneous PET/MRI may a
competitive advantage over separate imaging examinations if indeed both are considered to
be performed in the same patient. At this time use of FDG PET in patients with infectious
and inflammatory conditions are underutilized, despite proven potential utility, in view of
lack of reimbursement and probably lack of awareness on the part of referring clinicians and
even imaging specialists. The use of hybrid PET/MRI in this clinical setting, while overall
rational, will need further evidence.

Pediatrics
At the outset, it appears logical that PET/MRI may be the multimodality of choice (over
PET/CT) in view of less radiation exposure and all that is offered by MRI and PET for a
comprehensive structural and metabolic assessment of pediatric patients. Unfortunately to
date there are no relatively large-scale studies on the utility of the combined use of PET/
MRI in children. However, small scale case studies or retrospective correlative
investigations have demonstrated utility in specific clinical settings (95–98). Nevertheless, it
is generally accepted that hybrid PET/MRI may play a significant role in the care of
children, particularly with cancer, who may need to undergo repeated diagnostic imaging
sessions and as such it is desirable to minimize their cumulative radiation exposure (99).

Conclusion
Clinical hybrid PET/MRI has become available and will probably be preferred over PET/CT
in pediatrics or for evaluation of specific diseases, anatomical regions, or organs. PET/MRI
also offers interesting opportunities for use of dual modality probes in both research and
clinical arenas. It is expected that as exact clinical indications are defined in the near future,
the other important logistical issues (clinical workflow, regulatory and reimbursement) will
also be worked out.
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Figure 1.
Schematic cross-sectional views of potential designs for combined PET/MR imaging
systems: (a) tandem design with MR and PET mounted back-to back (similar to that in PET/
CT instrumentation) to allow sequential rather than simultaneous acquisition, (b) insert
design with PET imager (P) inserted between radiofrequency coil (R) and gradient set (G) of
MR imager, and (c) fully integrated design with two imagers in same gantry.
Radiofrequency coil, gradient set, PET imager and patient bed (B) are shown for all
configurations. Reproduced with permission from Ref. 15.
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Figure 2.
MR and fused PET/MR high-spatial resolution images of three 23-year-old volunteers, two
men and one woman, acquired with the same PET imager (Siemens Biograph mMR;
Siemens Medical Solutions, Erlangen, Germany). (a) In first male volunteer, coronal 7-T
T2*-weighted gradient-echo MR image (750/21; flip angle, 30°) and (b) fused PET/MR
image of hippocampal region show subhippocampal resolution separating metabolic
function of region cornu ammonis 4 (CA4) from surrounding structures including
parahippocampal gyrus (PHG) and fusiform face area (FFA). (c) In second male volunteer,
coronal 7-T T1-weighted three-dimensional magnetization-prepared rapid-acquisition
gradient-echo MR image (4000/5.3/1000; flip angle 10°) and (d) fused PET/MR image of
thalamic region show subthalamic resolution, allowing for structural and anatomic
quantification of individual nuclei. Thalamic nuclei (yellow): centromedian thalamic
nucleus (*), parafascicular thalamic nucleus (**), magnocellular part of medial dorsal
thalamic nucleus (***), medial dorsal thalamic nucleus (MD), dorsal superficial nucleus
(DSF), pulvinar (PUL), ventral lateral thalamic nucleus (VL), ventral posterior lateral
thalamic nucleus (VPL). Fiber tracts (white): superior cerebellar peduncle (scp), capsule of
red nucleus (cr), fasciculus retroflexus (fr), body of fornix (bfx), cerebellorubrothalamic
fibers (1). Other structures (red): lateral geniculate nucleus (LG), zona incerta (ZI),
substantia nigra (SN), ventral tegmental area (VTA), red nucleus (R). (e) In female
volunteer, midline sagittal 7-T T2*-weighted gradient-echo MR image (750/16.8; flip angle,
30°) and (f) fused PET/ MR image through brainstem show detailed anatomy and metabolic
function of raphe nuclei. Raphe nuclei: dorsal (d), superior central (sc), pontine (p),
medullary (including magnus, obscurus, and pallidus) (m). mamillary body (MB), thalamus
(T), red nucleus (R), inferior colliculus (IC). Reproduced with permission from Ref. 15.
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Figure 3.
A 51-year-old man with suspected intrathoracic sarcoidosis had an arachnoid cyst
incidentally identified by FDG PET/CT. A, Axial fusion images of integrated FDG PET/
MRI show normal glucose metabolism adjacent to the cortex of a voluminous arachnoid
cyst. B, Functional MRI obtained after right (green) versus left (red) hand finger tapping
demonstrates large areas of activation between inferior frontal gyrus and postcentral gyrus.
There was no neurological deficit due to this functional reorganization. Functional MRI
superimposed on morphological T1-weighted 3-dimensional MRI demonstrate apparent
extracortical overflow of the activation area in the right hemisphere presumed secondary to
increased blood oxygen levels in large superficial cortical veins draining the very thin motor
cortex. Pink areas represent artifacts associated with inhomogeneities in the magnetic
correction field map. Reproduced with permission from Lippincott Williams & Wilkins;
Hubele F, Imperiale A, Kremer S, Namer IJ. Clin Nucl Med 2012; 37:982–983.
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Figure 4.
89-year-old woman with probable Lewy body dementia. MR images show diffuse atrophy,
without regional specificity, whereas FDG PET shows significant posterior cortical
hypometabolism, with preservation of posterior cingulate and precuneus metabolism,
typically associated with Lewy body dementia. DaTSCAN results (not shown) were
supportive for Lewy body disease. Reproduced with permission from Ref. 49.
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Figure 5.
8 year old girl with chronic seizures. Co-registered independently acquired 18F-FDG PET
and 3D SPGR MR axial, coronal, and sagittal images demonstrate left open schizencephaly.
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Figure 6.
Integration of delayed enhancement MRI, PET perfusion and αvβ3 integrin expression
images in a patient with re-perfused myocardial infarction 2 weeks previously. A, D Four
chamber view (A) and two chamber view (B) show delayed enhancement (arrows)
extending from the anterior wall to the apical region. B, E Fusion of 13N-ammonia PET/MR
images show severely reduced myocardial blood flow in the region of delayed enhancement
(arrows). C, F Focal 18F-RGD activity colocalized to the infarcted area as seen by delayed
enhancement MRI. 18F-RGD activity corresponds to the regions of severely reduced 13N-
ammonia activity, reflecting the extent the of αvβ3 expression within the infarcted area
noted on delayed contrast enhanced MR. Reproduced with permission from Springer:
Nekolla SG, Martinez-Moeller A, Saraste A. PET and MRI in cardiac imaging: from
validation studies to integrated applications. Eur J Nucl Med Mol Imaging 2009; 36 (Suppl
1):S121–S130.
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Figure 7.
49 year old man with left leg weakness. Axial, coronal, and sagittal 18F-FDG PET (top row),
contrast enhanced 3D SPGR (middle row) and co-registered PET/ MR images demonstrate
an asymmetrical enhancing medial precentral gyrus lesion with a cystic component and
prominent surrounding white matter edema. Hybrid images document significantly
increased glucose metabolism within the most enhancing region, a Grade 4 glioma.
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Figure 8.
69-year-old man with right thalamic glioblastoma. Axial, coronal, and sagittal contrast
enhanced T1 weighted MR (left column), inline hybrid 18F-fluoroethyltyrosine (FET) PET/
MR (center column), and FET PET (right column) demonstrate significant ring contrast
enhancement and intense FET uptake (estimated SUVmax is 3.4). Reproduced with
permission from Ref. 49.
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Figure 9.
A 70-year-old man with an elevated level of prostate-specific antigen (17.7 ng/mL) and
prior negative transrectal biopsy. Top row, left to right: 11C-choline PET at 5 minutes,
contrast enhanced CT, and hybrid PET/CT demonstrates slight enhancement of the right
prostate apex with increased choline uptake. Middle row, left to right: 11C-choline PET at 30
minutes, T2 weighted MR, and fully integrated hybrid PET/MR (Siemens Biograph mMR;
Siemens Medical Solutions, Erlangen, Germany) shows vague T2 increase and continued
prominent choline uptake. Lower row, left to right: Apparent diffusion coefficient MR, early
perfusion MR, and area under curve within 60 seconds documents restricted diffusion,
increased perfusion with early wash-in of contrast agent. Re-biopsy of the ventral periphery
of the right apex demonstrated high-grade prostatic intraepithelial neoplasia. Reproduced
with permission from Lippincott Williams & Wilkins; Takei T, Souvatzoglou M, Beer AJ,
Ambros J, et al. A Case of Multimodality Multiparametric 11C-Choline PET/MR for Biopsy
Targeting in Prior Biopsy-Negative Primary Prostate Cancer. Clin Nucl Med 2012; 37:918–
919.
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