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Anatomic Imaging:
CT (Computed Tomography),
MRI (Magnetic Resonance Imaging)

Molecular Imaging:

SPECT (Single Photon Emission Computed Tomography)
PET (Positron Emission Tomography) j

Oncology, Alzheimer’s disease, Parkinson’s disease
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Fig. 4 (a) The block detector concept invented by Casey and Nutt in
1985. The incident annihilation photon is converted to light in the scin-
tillator and the sharing of light (b) between the four photomultiplier
tubes identifies the scintillator element and localizes the incident pho-
ton. The output from the block detector is the coordinates of the
element (x, y) and the energy (E) of the photon obtained by summing
the light produced in the scintillator.



Fig. 1. Seeing into our future. lllustration depicting (A) a conventional PET scanner and (B) total-body PET (TB-PET) scanner. An x-ray computed tomography (CT) scanner will be
mounted on the front of the TBPET gantry for anatomical coregistration to ensure optimal integration of anatomical imaging with molecular imaging.
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(B)

Fig 1 (A) First clinical positron imaging device developed in 1953 by Dr. Brownell (left) and Dr. Aronow
(right), and (B) the coincidence and unbalance scans of patient with recurring brain tumor. The coinci-
dence scan (a) of a patient showing recurrence of a tumor under the previous operation site, and
unbalance scan (b) showing asymmetry to the left. [Reproduced from Ref. 6].
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Fig. 11 The first PET/CT scanner design (a) combining a spiral CT scanner with a rotating ART PET
scanner mounted on the same support as the CT. The CT images are acquired first by moving the bed
continuously through the scanner, whereas the PET images are acquired by discrete steps of the bed as
shown in Fig. 7. The fused images (b) of CT and PET are displayed on the screen for reading by the

attending radiologist.
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Figure 9

(@) Schematic and photograph of a combined positron emission tomography and computed tomography
(PET-CT) scanner used for clinical applications. Although the concept of aligning in tandem a CT scanner
and a PET scanner is simple, the technical and practical complexities pose challenges that range from the
footprint size of the resulting system to the spatial and temporal alignment of the resulting data sets. (b, left to
ight) The ¢ | view of a clinical "*FDG PET scan clearly shows : hyroid c:
right) The coronal view of a clinica ¥ scan clearly shows a recurrent thyroid cancer tumor
(crosshair), the CT image shows detailed anatomy in which the tumor is hardly distinguishable, and the
blended image shows the precise anatomical localization (from the CT image) of the active tumor (from the

PET image).
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Figure 10. Three concepts for integration of PET and MRI: a brain PET scanner
inserted in a whole body MRI (top). a sequential PET MRI scanner for whole body
imaging (middle) and a fully integrated simultaneous PET MRI scanner for patient
imaging (bottom).



Fig. 13 The combined PET/MR scanner (Siemens Healthineers) with
simultaneous MR and PET imaging capability.
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Figure 2. 69-year-old man with known
metastatic papillary thyroid carcinoma pre-
sented for restaging. Sagittal computed
tomography (CT) images (a) revealed a
subtle lytic lesion within the T2 vertebral
body (arrow head) but a normal appear-
ance of the T5 vertebral body (arrow).
Sagittal CT images with 2-deoxy-2-
['®F]fluoro-D-glucose-positron emission
tomography (FDG-PET) fusion (b) demon-
strated an FDG-avid focus in the T2

(arrowhead) vertebral body highly suspi-
cious for metastatic disease. In contrast,
a focus of more subtly increased FDG
uptake in the T5 vertebral body (arrow)

without a CT correlate was felt to be in-
determinate, as both metastatic disease and
degenerative disease could conceivably
produce this appearance. Sagittal T1-
weighted images (T1WIls) (c) from
subsequent PET/magnetic resonance
imaging (MRI) showed clear evidence of
marrow replacement in the T2 (arrow-
head) and T5 (arrow) vertebral bodies.
Corresponding foci of FDG avidity on sag-
ittal T1WIs with FDG-PET fusion (d) strongly
supported the presence of metastases at
both sites. These images show an example
of the improved anatomic delineation of ma-
lignant osseous disease with PET/MRI
relative to PET/CT, as well as the power of
PET/MRI to distinguish osseous malignan-
cy from degenerative remodeling.
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