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THE COMBINATION OF A PET
SCANNER AND A CT SCANNER IN A
SINGLE  PET/CT DEVICE:

Positron emission tomography (PET), now almost 30
years after its initial development, has become an
established nuclear imaging modality that has proved
especially useful in oncology. 
PET was invented at the Mallinckrodt Institute of
Radiology at Washington University in the mid 1970s and
was soon adopted into neurology and cardiology as a
valuable research tool.
However, it took more than a decade for investigators to
realize that PET also could be a powerful tool for
oncology. PET is a very expensive modality, requiring not
only a million-dollar-plus PET scanner but also
expensive equipment and highly trained personnel to
generate the radiopharmaceuticals used for PET imaging 
Unlike computed tomography (CT) or magnetic
resonance imaging (MRI), which show anatomic detail,
PET images depict biochemical or physiologic
phenomena. Because of this, PET offers substantial
advantages over anatomic imaging modalities in
oncologic imaging. PET can often distinguish between
benign and malignant lesions when CT and MRI
cannot.
The basis of PET imaging is the labeling of small,
biologically important molecules, such as sugars, amino
acids, nucleic acids, receptor-binding ligands, or even
water and molecular oxygen, with positron-emitting
radionuclides. When these positron-emitting tracers
undergo radioactive decay, their positions can be detected
by the PET scanner. By imaging the temporal distribution
of these labeled compounds, we can create “physiologic
maps” of the functions or processes relevant to the labeled
molecules.
Numerous different types of tracers have been developed
for imaging with PET, but the vast majority of clinical

oncologic PET studies performed at present utilize an
analog of glucose, 18F-2-fluoro-2-deoxy-D-glucose
(FDG). The use of FDG to image glucose metabolic rate
takes advantage of the observation, first made 75 years
ago, that malignant cells have higher rates of aerobic
glycolysis than normal tissues (1). Thus, the malignant
cell utilizes more glucose to meet its energy needs.
Although malignant cells often differ from normal tissues
in many other ways (e.g., levels of specific receptors, rate
of nucleic acid uptake and incorporation, rate of amino
acid uptake and incorporation, and a host of other biologic
characteristics that could be measured with PET), FDG is
currently the only agent approved by the Food and
Drug Administration (FDA) for oncology studies.
Fortunately, while FDG is not a perfect imaging agent
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(some tumors show poor FDG avidity and some benign
processes show high FDG avidity), FDG does work very
well in most malignant tumors of clinical importance,
with the largest exception being prostate cancer.

HARDWARE AND TECHNIQUES FOR
PET

PET imaging is “coincidence” imaging, which is different
than the other
imaging techniques
used in nuclear
medicine. PET
images are
collected by
surrounding the
patient's body (or a
part of the patient's
body) with multiple
rings of specialized
detector crystals
(Figure 2). Each
decay event yields
a positron, which is
a positively
charged electron. This positron typically travels only a
few millimeters in tissue before undergoing an
“annihilation reaction” with an electron, whereby both
particles convert all of their mass into energy, which is
predominantly released in the form of two 511-keV
photons traveling in opposite directions. The PET scanner
detects these photons simultaneously (or “in
coincidence”), so the event is recorded and localized as a
positron annihilation, or “event.” By collecting millions
of these events, modern PET devices use sophisticated
hardware and software to reconstruct images of the
distribution of the PET tracer.

WHY PET/CT?

CT has been the cornerstone of oncologic imaging for
over 20 years but lacks the ability to show crucial
differences in physiology. PET has incomparable abilities
to determine the metabolic activity of tissues but needs
the assistance of higher-resolution, anatomic information
that it cannot provide. CT is the easiest and highest-
resolution tomographic modality to integrate into
PET imaging. The combination of the two offers the best
of both worlds in an integrated data set and thus improves
diagnostic accuracy and localization of many lesions.

PET CT SCANNING PROCESS:

The PET/CT scanning process is as follows.
Sixty to ninety minutes after the FDG has been
injected, the patient is placed supine on the imaging
table. Then, just as with a diagnostic CT, the CT tube and
detector are used to obtain a topogram, which is
essentially a digital x-ray of the entire field of interest.

The topogram is
used to map out the
precise portion of the
body to be scanned,
and those
coordinates are
entered into the
system. The scanner
software then
automatically
realigns the table,
and a spiral CT is
performed of the
area of interest
(usually the base of
the skull through the

mid-thigh for most oncology studies), generating literally
hundreds of transaxial images through the body.

ADVANTAGES OF PET/CT

Aside from the overall decreased scan time, major clinical
advantages of PET/CT include:
- better localization of activity to normal vs abnormal

structures,
- better identification of inflammatory lesions, CT

visualization of PET-negative lesions (especially bone
lesions),

- discovery of serendipitous abnormalities, 
- confirmation of unusual or abnormal sites, 
- improved localization for biopsy or radiotherapy. 

CONCLUSION

In oncology, the combination of separate CT and FDG-
PET has become, in the past decade, the standard of
imaging care for many oncology patients. The recent
integration of these two modalities into a single scanning
device offers several major interpretive and clinical
advantages.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.20000
    0.20000
    0.20000
    0.20000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.275 841.890]
>> setpagedevice




