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Coronary steal: Revealing the diagnosis
with quantitative cardiac PET/CT

Mechteld Heijne, MD,*" Pieter G. Raijmakers, MD, PhD,*® Hendrik J. Harms,
MSc,®® Mark Lubberink, PhD,*" Rick Halbmeijer, MD,¢ Yolande E. Appelman,

MD,¢ and Paul Knaapen, MD, PhD¢

A 68-year-old male was evaluated at our chest
pain unit because of recent onset exertional anginal
chest pain. The symptoms commenced after an initial
episode of angina that had lasted for several hours. The
electrocardiogram (ECG) showed signs of a recent
inferior myocardial infarction (Figure 1) after which
the patient was treated with antiplatelet agents, a statin,
and beta-blockers. To further evaluate the extent of
coronary artery disease and ischemia, a cardiac PET/
CT was performed. The imaging protocol consisted
of a 64-slice CT coronary angiography (CTCA) and
myocardial perfusion measurements using oxygen-15-
labeled water PET during rest and pharmacologically
induced vasodilation (adenosine). During vasodilation,
the patient reported anginal chest pain and the ECG
displayed ST-segment elevation in the Q-wave leads
suggestive of transmural inferior ischemia, although it
should be noted that stress-induced ST segment ele-
vation in Q-leads may also occur in the absence of
ischemia. Heart rate and blood pressure did not change
appreciably during the stress study, and the ECG
abnormalities and symptoms resolved immediately
after termination of adenosine infusion. CTCA revealed
an occlusion of the right coronary artery (RCA) with
collateral filling of the distal segment (Figure 2). PET
images displayed a mild resting perfusion defect in
the inferior wall (Figure 3). During hyperemia, the
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perfusion defect expanded toward the inferior distal
wall and part of the septum and lateral wall. Of
interest, quantitative perfusion analysis displayed a rest-
flow in the RCA perfusion territory of 0.70 mL/minute/g
of perfusable tissue, which paradoxally decreased
during hyperemia to 0.49 mL/minute/g, yielding a
flow reserve of 0.7 (Figure 4). The patient was referred
for invasive coronary angiography, which confirmed
the occlusion of the RCA (Figure 5). In addition, a
significant stenosis of the margo obtusis branche of
the circumflex coronary artery was detected, compati-
ble with the reduced flow reserve in the circumflex
perfusion territory (Figure 4). Through a percutaneous
coronary intervention, both RCA and circumflex
lesions were stented and the patient was discharged
free of symptoms.

During stress testing with vasodilators such as
adenosine or dipyridamol, generally a condition of
luxury perfusion occurs, i.e., vasomotor autoregulation
is abolished and perfusion exceeds metabolic demand.
Consequently, ischemia is not routinely observed during
administration of these agents. The principle to detect a
flow limiting coronary stenosis is based on the relative
impairment to increase perfusion during maximum
vasodilation in comparison with myocardium sub-
tended by a non-stenotic reference vessel, irrespective
of the myocardial metabolic demand at the time of the
vasodilation study. In the currently described patient,
however, transmural ischemia was induced by adeno-
sine which could not be attributed to increased met-
abolic demand as the rate-pressure product remained
stable during the stress study. Instead, maximum
vasodilation induced a coronary steal syndrome of
collateral-dependent myocardium. Studies have dem-
onstrated that coronary collaterals are pre-existing
channels, consisting of interconnecting anastomotic
vessels (IAVs) rather than being actively formed.'
During circumstances of a critical coronary stenosis or
occlusion, a pressure drop is created in the IAVs, which
cause dilatation of the IAVs and thereby induce a col-
lateral circulation. Under hyperemic conditions, due to
vasodilator-agents or exercise, resistance in the normal
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Figure 1. Upper row: baseline ECG compatible with subacute inferior wall myocardial infarction.
Lower row: ST-segment elevation in lead III, AVF with reciprocal depression in leads AVL and

V2-4 during stress.

Figure 2. CTCA shows total occlusion of midtraject of the
RCA, the distal segment shows contrast opacification
caused by collateral filling.

coronary artery falls, resulting in augmented perfusion
in areas without a stenosis and a reduced collateral
flow to the stenotic or occluded artery segment. Since
vasodilation in the latter area is already maximal,
coronary perfusion actually decreases in collateral-
dependent myocardium.” Although data are limited,
coronary steal may occur in as many as 10% of patients
with coronary artery disease during pharmacological

In routine clinical practice, however, this phenom-
enon is not easily detected as a reduction in absolute
levels of perfusion in the collateral-dependent myocar-
dium during vasodilation is a prerequisite to diagnose
coronary steal syndrome.”® The combination of PET/CT
enables to measure absolute quantitative perfusion in
combination with visualization of coronary anatomy. As
illustrated in the current case, this new form of
hybrid imaging therefore facilitates the identification of
collateral-dependent myocardium in a non-invasive
manner.
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Figure 3. 3D fusion of the parametric perfusion PET, with the RCA derived from the CTCA,
during rest (left) and vasodilation (right) with corresponding colorscale of absolute perfusion
ranging from 0 to 1.0 expressed in mL/minute/g of perfusable tissue. The PET/CT stress images
reveal a small perfusion defect during rest which expands to the inferior, inferoseptal, and

inferolateral wall during vasodilation.
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Figure 4. Parametric polar map of absolute quantitative myocardial perfusion (mL/minute/g of
perfusable tissue) at rest (right upper quadrant), stress (left upper quadrant), and flow reserve (left
lower quadrant). A decreased flow reserve is displayed in inferior, inferolateral, and inferoseptal

wall with according quantitative parameters.
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Figure 5. Angiographic images showing the coronary lesion of the RCA before (A) and after

stenting (B). Arrow indicates coronary lesion.

Open Access

This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License which permits
any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are
credited.

References

1. Levin DC. Pathways and functional significance of the coronary
collateral circulation. Circulation 1974;50:831-7.

2. Becker L. Conditions for vasodilator-induced coronary steal in
experimental myocardial ischemia. Circulation 1978;57:1103-10.

3. Patterson R, Kirk E. Coronary steal mechanism in dogs with one-
vessel occlusion and other arteries normal. Circulation 1983;67:
1009-15.

. Werner GS, Fritzenwanger M, Prochnau D, Schwarz G, Ferrari M,

Aarnoudse W, Pijls NHJ, Figulla HR. Determinants of coronary
steal in chronic total coronary occlusions: Donor artery, collateral,
and microvascular resistance. J Am Coll Cardiol 2006;48:51-8.

. Seiler C, Fleisch M, Meier B. Direct intracoronary evidence of

collateral steal in humans. Circulation 1997;96:4261-7.

. Werner GS, Figulla HR. Direct assessment of coronary steal and

associated changes of collateral hemodynamics in chronic total
coronary occlusions. Circulation 2002;106:435-40.

. Chareonthaitawee P, Kaufmann PA, Rimoldi O, Camici PG.

Heterogeneity of resting and hyperemic myocardial blood flow in
healthy humans. Cardiovasc Res 2001;50:151-61.

. Dekemp RA, Yoshinaga K, Beanlands RSB. Will 3-dimensional

PET-CT enable the routine quantification of myocardial blood
flow? J Nucl Cardiol 2007;14:380-97.



	Coronary steal: Revealing the diagnosis  with quantitative cardiac PET/CT
	Open Access
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


