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Radiation-Induced Neovascular Glaucoma: Dose 
and Volume Issues

Dear Editor:
I read with great interest the article by Jeon et al., titled 
‘Neovascular glaucoma following stereotactic radiosurgery 
for an optic nerve glioma: a case report’ [1]. Eight months af-
ter the patient underwent radiosurgery in the affected orbit, 
the intraglobular mass regressed to a partially residual retro-
globular nodule; however, neovascular glaucoma (NVG) de-
veloped in the same eye. The authors stated that the stereo-
tactic image-guided robotic radiosurgery using the Cyberknife 
system for the treatment of optic nerve glioma (ONG) might 
cause NVG and should be selectively utilized. Although 
there seems to be a causal relationship between radiosurgery 
and the development of NVG, some issues need to be 
clarified.

First, the authors suggested the post-radiation develop-
ment of cataract in the affected eye supports their speculation 
that radiation effects may be the most likely causative factor 
of NVG in their case. To demonstrate that a complication is 
radiation-induced, the radiation dose must be taken into 
account. The radiobiologic model of acute and late effects on 
normal human organs according to the radiation dose and 
volume has been well established through in vivo and in vitro 
studies, and it is true that radiotherapy can affect the retina, 
lens, conjunctiva, lacriminal apparatus, optic nerve, and 
eyelids. However, retinitis and optic neuropathy are found to 
occur following only high doses of radiation greater than 50 
to 65 Gy, whereas cataracts are reported to develop following 
small radiation doses as low as 10 to 18 Gy, due to the differ-
ences in the sensitivities of the normal organs [2]. In the pres-
ent case, the total irradiated dose of 16 Gy in four fractions 
was sufficiently high to cause lens opacity but was too low to 
have any effects on the retina or the optic nerve (16 Gy of 
four fractions equals 25 Gy with 2 Gy per fraction according 
to the biologically effective dose calculation, α/β=3). In the 
uveal melanoma cases, which the authors referred to as 
“NVG after stereotactic radiosurgery for intraocular tumors,” 
the target dose for the tumor apex was set at greater than 100 
Gy. Moreover, plaque brachytherapy was used in those mela-
noma cases, instead of stereotactic radiosurgery [3].

Second, the volume irradiated is also an important factor in 
the development of NVG. Recently, Hirasawa et al. [4] found 

radiation damage to the anterior segment of the eye and the 
optic disk to be a risk factor for NVG based on a dose–vol-
ume histogram analysis. In their study, both the dose to the 
anterior segment of the eye and the optic disc and the volume 
irradiated with greater than 50 Gy were statistically sig-
nificant factors contributing to the development of NVG. 
Current advances in planning techniques for stereotactic ra-
diosurgery aimed to minimize the dose to the anterior seg-
ment and the disc can reduce the risk of this complication. 
One of these new instruments, the CyberKnife robotic radio-
surgery system (Accuray, Sunnyvale, CA, USA), used in this 
case, enables delivery of high radiation doses to the target 
with a much steeper dose gradient outside the tumor volume 
compared with those of other treatment systems that have 
been reported to produce NVG [5]. Using the Cyberknife 
system, far less than 50% of the total dose generally affects 
the anterior segment of the eye. Dose and volume issues need 
to be carefully considered when determining the cause- 
and-effect relationships between radiation therapy and its as-
sociated complications.

Ah Ram Chang
Department of Radiation Oncology, Soonchunhyang University 
Hospital, Seoul, Korea
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Author reply

Dear Editor:
We hypothesized that the target tissue is an important issue 
in this case. Kline et al. [1] included patients with pituitary 
lesion, and the radiation effect focused on the pituitary gland 
would be attenuated in ocular tissue. The radiation plan for 
melanoma would be localized to the specific retinal lesion 
[2,3] and would have an effect on the adjacent vitreous and 
optic disc. Radiation to the entire intraconal optic nerve and 
optic nerve head will show distinct responses because they 
contain the central retinal artery and veins. If the central reti-
nal artery and veins are damaged, whether by the destroyed 
adjacent tissue or from the radiation itself, the ocular blood 
flow will be severely disturbed, and various cytokine levels, 
such as vascular endothelial growth factor, will be elevated, 
a condition which is known to cause neovascular glaucoma 
(NVG) [4,5]. In this case, NVG developed after low-dose ra-
diation to the optic nerve, and we believe that this illustrates 
the need for careful planning of radiation therapy on the op-
tic nerve.

Sohee Jeon, Chan-Kee Park
Department of Ophthalmology and Visual Science, Seoul St. Mary’s 
Hospital, The Catholic University of Korea School of Medicine, 
Seoul, Korea

References
  1. Kline LB, Kim JY, Ceballos R. Radiation optic neuropathy. 

Ophthalmology 1985;92:1118-26.
  2. Bergman L, Nilsson B, Lundell G, et al. Ruthenium brachy-

therapy for uveal melanoma, 1979-2003: survival and func-
tional outcomes in the Swedish population. Ophthalmology 
2005;112:834-40.

  3. Hirasawa N, Tsuji H, Ishikawa H, et al. Risk factors for neo-
vascular glaucoma after carbon ion radiotherapy of choroidal 
melanoma using dose-volume histogram analysis. Int J Radiat 
Oncol Biol Phys 2007;67:538-43.

  4. Kim YG, Hong S, Lee CS, et al. Level of vascular endothelial 
growth factor in aqueous humor and surgical results of ahmed 
glaucoma valve implantation in patients with neovascular 
glaucoma. J Glaucoma 2009;18:443-7.

  5. Moraczewski AL, Lee RK, Palmberg PF, et al. Outcomes of 
treatment of neovascular glaucoma with intravitreal bevacizumab. 
Br J Ophthalmol 2009;93:589-93.



<<
  /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 ()
  /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 [
    /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 ()
  /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 [612.000 792.000]
>> setpagedevice


