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Letters to the Editor

            Adverse Reactions during 
Gadoteridol-enhanced MR Imaging  

 From 
    Ingrid B.     Boehm   ,   MD  
 Department of Radiology, Philipps 

University of Marburg, Academic 
Hospital and Medical School, 
Baldingerstrasse, 35033 Marburg, 
Germany 
e-mail:   ingrid.boehm@staff
.uni-marburg.de                

 Editor: 
 I read the article by Dr Morgan and 
colleagues ( 1 ) on adverse reaction rates 
during gadoteridol-enhanced magnetic 
resonance (MR) imaging, which appeared 
in the April 2011 issue of  Radiology , with 
great interest. While I agree with the 
conclusions of the study, I have some 
comments on this article. 

 First, although there is no hint of a 
true allergic evaluation, the authors noted 
reactions “resembling ‘allergic’ responses” 
( 1 ). This is consistent with previous re-
ports ( 2 , 3 ) that present a spectrum of 
terms such as  allergy-like  or  anaphylac-
toid . The use of such terms is not really 
helpful and may lead to confusion. In 
other articles ( 4 , 5 ), it has been clearly 
shown that true allergic reactions may 
arise after gadolinium-containing contrast 
materials. Indeed, it is likely that both 
allergic and nonallergic reactions may 
occur. It would seem that the use of the 
term  hypersensitivity  might be more suit-
able in these patients ( 6 – 8 ). 

 Second, most patients had mild reac-
tions ( n  = 177, 0.630% of all patients). 
In addition, moderate reactions were 
documented in six patients and severe 
reactions, in four patients ( 1 ). Unfortu-
nately, the clinical features of these 10 
patients are not clear. Table 2 summa-
rizes all observed reactions ( 1 ) but does 
not present clinical characteristics of sin-
gle patients in this small group. There-
fore, a comparison with other studies 
or with clinical observations would be 
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diffi cult or impossible. Moreover, notations 
such as “prior allergic-type reaction” ( 1 ) 
do not suffi ciently describe previous reac-
tions ( 9 ). Consequently, premedication 
could be either helpful or not: The pa-
tients reacted despite premedication, 
and “the reaction rates for this popula-
tion were not signifi cantly different … 
from the reaction rates of the popula-
tion as a whole” ( 1 ). 

 In conclusion, safety studies in patient 
cohorts as presented during gadoteridol-
enhanced MR imaging ( 1 ) are poten-
tially of great clinical utility. However, 
in addition to presenting low rates of 
adverse reactions, it would be helpful 
in the future not to forget to include full 
detail on patients with reactions. In par-
ticular, moderate and severe reactions 
should be presented more precisely so 
that the reader has a clear image of the 
clinical reactions in individual patients.     
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  Lockhart   ,   MD, MPH  
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 We thank Dr Boehm for her interest in 
our article and agree that adverse reac-
tions to gadolinium-based contrast media 
likely comprise “both allergic and non-
allergic reactions.” As to the confusing 
nature of the terminology, our manu-
script ( 1 ) used a well-recognized stan-
dard, the American College of Radiology 
(ACR) Manual on Contrast Media ( 2 ), 
precisely to avoid confusion. This docu-
ment is periodically updated, is authored 
by a panel of experts who serve on the 
ACR Committee on Drugs and Contrast 
Media, and contains the following para-
graph on adverse reactions to gadolinium-
based contrast media ( 2 ): 

    Reactions resembling an “allergic” 
response are very unusual and vary 
in frequency from 0.004% to 0.7%. 
A rash, hives, or urticaria are the 
most frequent of this group, and very 
rarely there may be bronchospasm. 
Severe, life-threatening anaphylactoid 
or nonallergic anaphylactic reactions 
are exceedingly rare.…    

 Further, the updated version 7 ( 3 ) dis-
cusses the issue of etiology of allergic-like 
reactions in the section on premedication: 

    The primary indication for premed-
ication is pretreatment of “at-risk” 
patients who require contrast media. 
In this context, “at risk” means at 

           Virtual Monochromatic Spectral Imaging 
with Fast Kilovoltage Switching Should 
Not Be Used as Standard CT Imaging 
Modality  

 From 
    Henk W.     Venema   ,   PhD  
 Departments of Radiology and Bio-

medical Engineering and Physics, 
Academic Medical Center, Meiberg-
dreef 9, 1105 AZ Amsterdam, the 
Netherlands 
e-mail:   h.w.venema@amc.uva.nl                

 Editor: 
 In the April 2011 issue of  Radiology , 
Dr Matsumoto and colleagues advocate 
the use of computed tomography (CT) 
with two x-ray spectra (generated with 
tube voltages of 80 and 140 kV), which 
they term virtual monochromatic spec-
tral (VMS) imaging. They claim that, for 
a given radiation dose, for studies in 
which iodinated contrast material is used, 
a higher contrast-to-noise ratio (CNR) can 
be obtained with VMS imaging than 
with standard CT imaging at 120 kV. 
They state that VMS imaging has the 
potential to replace 120-kV CT as the 
standard clinical CT modality for these 
studies ( 1 ). 

 The data presented in their study 
may be correct, but the conclusions of 
the authors are irrelevant. An essential 
omission is that standard CT imaging 
is only considered at a tube voltage 
of 120 kV. It is a well-known fact that, 
for imaging with an iodinated contrast 
material, a tube voltage of 120 kV is 

higher risk for an acute allergic-like 
reaction. The etiological mechanisms 
of anaphylactoid contrast reaction are 
incompletely understood as well as 
the basis of prevention with the use 
of corticosteroids [ 4] .… It is now 
generally accepted that most adverse 
allergy-like reactions are not associ-
ated with the presence of increased 
IgE [immunoglobulin E]  and, there-
fore, unlikely to be truly allergic.    

 We sought to compare our results to 
other reports of adverse reactions that 
did use the terms  allergic-type  or  allergic-
like  to indicate these kinds of reactions 
to distinguish them from those reactions 
that were idiopathic, such as nausea, 
and followed suit. Many of the references 
we compared our data to (tables 5 and 6 
[ 1 ]) used similar phraseology (in some 
cases even in the title of the work [ 5 ]) 
and similar grading of adverse reac-
tions (ie, mild, moderate, and severe), 
which we also referenced from the ACR 
manual ( 1 ). 

 Although we appreciate Dr Boehm’s 
particular interest in the individual de-
scriptions of our subjects with moder-
ate or severe reactions, we felt that it 
was not appropriate to list the reactions 
individually given the amount of data we 
already presented in tabular form. An 
attempt to relay this sort of data was 
part of the report by Bleicher and Kanal 
(table 3) ( 6 ), but single-phrase details, 
such as chest pain or dyspnea, to describe 
severe reactions still leave the reader 
without critical information for compar-
ison. We would be happy to personally 
discuss such details with any interested 
readers since the constraints of this for-
mat preclude such sharing. Thank you for 
the opportunity to discuss our work.    
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 We thank Dr Venema for his interest in 
our recent study of VMS imaging with 
fast kilovoltage switching ( 1 ). 

 He referred to articles reporting on 
the usefulness of lower tube voltage in 
CT angiography and commented that it 
outperforms VMS imaging. We agree that 
lower tube voltage is one useful method 
for the purpose of obtaining anatomic 
information in high contrast fi elds, such 
as CT angiography or pediatrics, where 
quantitative evaluation is disregarded. 
However, lower tube voltage would not 
be a useful method for diagnostic CT 
studies of abdomens in adults or soft 
tissue. Our phantom not only simulates 
CT angiography, but also contains a syringe 
with an iodine concentration of 5 milli-
grams of iodine per milliliter (approxi-
mately 100 HU), which is inserted in 
water-fi lled torso phantom. This CT atten-
uation phantom approximates the contrast 
enhancement seen on abdominal contrast 
material–enhanced CT studies usually used 
for diagnostic studies. The major differ-
ence between VMS imaging and lower 
tube voltage or 120-kVp imaging is that 
VMS imaging has the potential to reduce 
beam-hardening effects, as we commented 
in the introduction section of our article. 
Beam-hardening effects are known to de-
grade the accuracy of quantitative evalua-

suboptimal and that lower tube voltages 
should be used ( 2 – 4 ). Kalender et al ( 5 ) 
have shown that the optimum tube volt-
ages with respect to CNR at a certain 
dose are on the order of 80 kV or even 
less, somewhat depending on the size 
of the patient. When these lower tube 
voltages are used, standard CT imaging 
outperforms VMS imaging with fast tube 
voltage switching. 

 Finally, there is a fundamental argu-
ment that, with respect to the optimiza-
tion of imaging with iodinated contrast 
material for a fi xed radiation dose, noth-
ing can be gained by using two tube 
voltages. More than 50 years ago, Ter-
Pogossian ( 6 ) and Oosterkamp ( 7 ) showed 
that, for imaging a lesion embedded in 
a tissue-equivalent object, an optimal CNR 
for a given radiation dose is obtained 
when monochromatic radiation (ie, ra-
diation with a single photon energy) is 
used. To avoid confusion: This has noth-
ing to do with the virtual monochromatic 
approach in the article by Dr Matsumoto 
and colleagues, which is a postprocess-
ing method. Thus, one should attempt 
to narrow the spectral distribu tion (by 
fi ltration, for example, or by other means) 
and not to widen it (by using two spectra). 

 In conclusion, standard CT imaging 
should be performed in the standard way, 
with optimized tube voltage.     
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tion ( 2 ). One method for rigorous beam-
hardening correction now available is 
to use data from two different tube volt-
ages for the same projection angle as fast 
kilovoltage switching. Since VMS imag-
ing improves signal noise and CNR by the 
reduction of beam-hardening effects, as 
shown in our results, VMS imaging will 
be applicable to not only CT angiography, 
but also to any other CT applications, in-
cluding abdominal contrast-enhanced 
CT used for diagnostic studies. 

 Dr Venema also noted that the opti-
mal CNR for a given radiation dose is 
obtained when monochromatic radiation 
is used. We agree monochromatic radi-
ation is the ideal system. However, the 
technique of narrowing spectral distri-
bution is very diffi cult. This requires ex-
tremely high x-ray beam strength. On 
the other hand, VMS imaging, which en-
ables higher accuracy of beam-hardening 
correction than single-kilovoltage acqui-
sition, improves the linearity of CT at-
tenuation. This is comparable to virtu-
ally narrowing the spectral distribution. 
Thus, if the goal is narrowing the spec-
tral distribution, VMS imaging is one tech-
nique that will accomplish this. VMS 
imaging has the potential to improve the 
three important components of image 
quality (ie, CNR, signal noise, and beam-
hardening effects) at the same time. At 
this point, VMS imaging is most compa-
rable to monochromatic radiation image 
and has the potential to replace 120-kVp 
CT as the standard CT modality.    

  Disclosures of Potential Confl icts of Interest: 
M.J.  No potential confl icts of interest to disclose. 
 K.M.  No potential confl icts of interest to disclose. 
 Y.T.  No potential confl icts of interest to disclose. 
 A.U.  No potential confl icts of interest to disclose. 
 M.Y.  No potential confl icts of interest to disclose. 
 S.K.  Financial activities related to the present 
article: none to disclose. Financial activities not 
related to the present article: has a grant from GE 
Healthcare. Other relationships: none to disclose.   

 References 
     1  .      Matsumoto     K   ,    Jinzaki     M   ,    Tanami     Y   ,    Ueno     A   , 

   Yamada     M   ,    Kuribayashi     S   .  Virtual monochro-
matic spectral imaging with fast kilovolt-
age switching: improved image quality as 
compared with that obtained with conven-
tional 120-kVp CT .  Radiology   2011 ; 259 ( 1 ):
 257 – 262 .  

     2  .      Zatz     LM   ,    Alvarez     RE   .  An inaccuracy in com-
puted tomography: the energy dependence of 
CT values .  Radiology   1977 ; 124 ( 1 ): 91 – 97 .     



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 1000
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (DJS standard print-production joboptions; for use with Adobe Distiller v7.x; djs rev. 1.0)
  >>
  /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 [792.000 1224.000]
>> setpagedevice


