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W ee evaluated the frequency of long-term complications of orbital irradiatio n 
(radiation-inducedd tumors, cataract and retinopathy) in comparison with gluco-
corticoids. . 
W ee conducted a follow-up study in a cohort of 245 Graves' ophthalmopathy 
patientss who had been treated with retrobulbar  irradiatio n (20 Gy in two weeks) 
and/orr  oral glucocorticoids between 1982 and 1993 in our  institution . Irradiate d 
patientss were compared with non-irradiated patients. 
Dataa on mortalit y and cause of death were obtained. Livin g patients were 
invitedd to participat e in a follow-up study. Possible retinopathy was assessed in 
aa masked fashion and defined as the presence of >1 hemorrhages and/or  micro-
aneurysmss on red free retina photographs. I f >5 lesions were present patients 
weree categorized as suffering from defhite retinopathy. Cataract was assessed 
usingg the Lens Opacity Classification System II  score. 
Mortality ,, prevalence of retinopathy, prevalence of cataract and type of cataract 
weree the main outcome measures. 
Thirty-sevenn of the 245 patients had died, none of them from an intracrania l 
tumor .. Mortalit y was similar  in the irradiated (27/159; 17%) and non-irra -
diatedd patients (10/86; 12%, P=0.264). 157 of the 208 livin g patients (75%) 
consentedd to participat e in a follow-up ophthalmological investigation; mean 
follow-upp time  SD was 11  3 years. Possible retinopathy was present in 
15%%  of patients, 22 in the irradiated and one of the non-irradiated patients 
(P=0.002).. In 5 patients (all had been irradiated ) definite retinopathy (e.g. > 5 
retinall  lesions) was present. Of these, three had diabetes mellitus, and one had 
hypertension.. Diabetes was associated with both possible (P= 0.029) and definite 
(P=0.005)) retinopathy, with a relative risk of 21(95% C.L 3-179). The preva-
lencee and severity of cataract was similar  in the radiotherapy group (29%) and 
thee glucocorticoid group (34%), it should be noted that 88/104 of the irradiated 
patientss were also treated wit h oral glucocorticoids. 
Thee data suggest that orbital irradiatio n for  Graves' ophthalmopathy is a safe 
treatmentt  modality except possibly for  diabetic patients. 

Introduction n 

Graves'' ophthalmopathy (GO) is an autoim-
munee disease characterized by an inflamma-
toryy swelling of orbital fat and extraocular eye 
muscles.1-22 Patients with moderately severe or 
severee ophthalmopathy often require treat-
mentt such as glucocorticoids and/or retro-
bulbarr irradiation.3""1 

Thee obvious advantage of radiotherapy, as 
opposedd to glucocorticoids, is that it is well 
toleratedd and has almost no short term side 
effects."11 The possible drawback of radiother-
apyy may be long-term adverse effects such as 

tumorr induction, retinopathy and /or cata-
ract. . 
Radiation-inducedd tumors have so far not 
beenn reported in follow-up studies of patients 
withh GO.6-7 Radiation-induced retinopa-
thy,, in contrast, has been documented, albeit 
mostt cases could be attributed to either faulty 
techniquee or the co-existence of diabetes.*lJ 

Nevertheless,, two case reports described 
thee induction of severe retinopathy in GO 
patientss without diabetes after the usual 
dosee of 20 Gy delivered in fractionated 
doses.1"111 Cataract induction is another con-
cern,, because the lens receives 10 % of the 
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radiationn dose.1- The frequency of radiother-
apy-inducedd cataract is not well known, but 
glucocorticoidss can induce severe posterior 
subcapsularr (PSC) cataract.13 

Wee conducted a follow-up study in 245 
patientss with moderate to severe GO to eval-
uatee the long-term effects of orbital irradia-
tionn in terms of tumor induction, retinopa-
thyy and cataract. To compare patients with 
equall  disease severity we decided to include 
alll  patients who had been treated between 
19822 and 1992 with immunosuppressive 
therapy.. Most patients had been treated with 
orall  prednisone (n=213), of whom 159 also 
receivedd radiotherapy as second (or some-
timess as first) treatment, whereas only 32 
patientss received orbital irradiation only. 
Becausee we were interested in the long-term 
safetyy of orbital radiotherapy (and not of oral 
steroids)) we compared all irradiated patients 
(n—159)) with those who had not received 
radiotherapyy but only prednisone (n=86) in 
termss of mortality, cataract and retinopathy. 

Patient ss and method s 

PatientsPatients Included were all Graves' ophthal-
mopathyy patients who had been referred to 
ourr Orbital Center between January 1982 
andd January 1993 and had been treated 
withh orbital irradiation alone, glucocorti-
coidss alone, or both. There were no exclu-
sionn criteria. Oral corticosteroids were given 
inn different dosage regimens, but it usually 
consistedd of a four-month course of pred-
nisone.. Retrobulbar irradiation (20 Gy) was 
administeredd with a 5 million electron volt 
linearr accelerator in 10 divided fractions of 
22 Gy over a two-week period, as described 
before.11 In the 1980's patients were usually 
treatedd with oral glucocorticoids first. In case 
off  insufficient response, radiotherapy was 
administeredd as second-line therapy. Radio-
therapyy was given as first-line treatment only 
inn patients with contraindications against 

prednisonee (e.g. diabetes, obesity). In the 
latee 1980's, radiotherapy was often used as 
aa first choice therapy, followed by oral ste-
roidss if the outcome was deemed insufficient. 
Steroidss were used in case of contraindica-
tionn to radiotherapy: e.g. diabetes. Because 
wee wanted to study the long term safety of 
radiotherapyy (and not prednisone), we com-
paredd all irradiated patients with those who 
hadd not received radiotherapy. The study 
wass approved by the medical ethics com-
mitteee of the Academic Medical Center in 
Amsterdam. . 
Extensivee efforts were made to contact all eli-
giblee patients and urge their participation in 
thiss study. If patients had died, efforts were 
madee to obtain cause and date of death. Liv-
ingg patients were asked for informed consent 
byy a letter. If permission was obtained, they 
receivedd a questionnaire and were invited 
too visit the outpatient clinic of the Orbital 
Center.. The questionnaire contained ques-
tionss about visual acuity (VA), history of GO, 
includingg different therapies and operations; 
andd history of other eye diseases and opera-
tions.. Questions about diabetes, hypertension 
andd current use of medication were asked, 
ass well as questions about smoking habits at 
presentt and in the past. 

MeasurementsMeasurements The ophthalmologic evaluation 
wass performed by an ophthalmologist (HT or 
PS)) masked with respect to received treat-
ment.. Baseline data, before any treatment 
wass given, were retrieved from the medical 
recordss and data from the most affected eye 
weree used in the analysis. 
Graves'' ophthalmopathy: Ophthalmologic 
measurementss consisted of best-corrected 
visuall  acuity, signs of exposure keratitis, fun-
doscopy,, proptosis (measured by Hertel oph-
thalmometer),, signs of soft tissue inflamma-
tion,, and motility of extraocular muscles. All 
patientss underwent a dilated retinal exam 
byy slit-lamp (stereo) biomicroscopy. Cur-
rentt severity or presence of GO was evalu-
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2466 GO Patients 

11 adress 
unknown n 

245 5 1599 irradiated 
866 non-irradiated 

Studyy A: Mortality 

2088 alive 377 death 

377 Deaths 
511 Refusals 

1577 Participants ^ 104 irradiated 
*"" 53 non-irradiated 

» » Studyy B: Retinopathy / Cataract 

Figuree 1: Flow-chart of 246 patients referred between 1982 and 
19933 because of Graves' ophthalmopathy (GO). One subject could 
nott be traced, leaving 245 patients for study A's mortality: 159 had 
receivedd radiotherapy with or without glucocorticoids and 86 only 
glucocorticoids.. Thirty-seven patients had died, leaving 208 subjects 
availablee for follow-up, of whom 157 consented to participate in 
studyy B 

atedd using the Total Eye Score, which is cal-
culatedd as the sum of each NOSPECS class 
present,, times the grade in that class (for that 
purposee we substituted grades a, b, and c with 
1,, 2 and 3 respectively)."' The worst eye score 
wass used in the evaluation. Current GO 
activityy was graded according to the 7-point 
Clinicall  Activity Score.14 

Cataract:: The definition of cataract was 
madee according to the Lens Opacity Clas-
sificationn System II (LOCS II criteria).1'' In 
short,, the LOCS II criteria consist of sets 
off  standardized color photographs for grad-
ingg the different forms of cataract using a slit 
lamp.. The classification system consists of 
fourr classes: Nuclear Color (NC), Nuclear 
opalescencee (N), Cortical grading (C) and 
Posteriorr subcapsular (P). A lens was consid-
eredd clear if the LOCS II classification rated 
maximallyy NC 0-1, N (M , C 0-1 and P 0. 
Iff  higher ratings were registered̂ cataract was 
diagnosed.166 If patients had received surgery 
forr cataract, they were not staged according 
too the LOCS II system but classified as suf-
feringg from cataract. 

Possiblee retinopathy: The defi-
nitionn of possible retinopathy 
wass the presence of >1 hemor-
rhagess and/or microaneurysms 
onn standardized 50° red-free, 
blackk and white retina photo-
graphs.. We used 50° nonstereo, 
red-freee photography, a slightly 
modifiedd technique from that 
describedd and evaluated by the 
Eurodiabetess study.17 These 
photographss were numbered 
att random and graded by two 
maskedd ophthalmologists (ROS 
andd FDV) who had not seen 
thee patients. Consensus was 
reachedd in case of different 
scores.. The total number of 
microaneurysmss and or hem-
orrhagess in both eyes was taken 
forr the statistical analysis. Defi-

nitee retinopathy was defined a total of > five 
lesions,, in both eyes. 

Hypertension:: The definition of hyperten-
sionn was the use of antihypertensive drugs. 
Bloodd pressure measurements were obtained 
duringg the outpatient visit by a trained nurse. 
Diabetess Mellitus: The definition of diabe-
tess mellitus was >1 of the following criteria: 
thee use of oral antidiabetic agents or insu-
lin,, or a random glucose higher than 11.1 
mmol/1.. Plasma was collected to measure 
glucose,, HbAK and creatinine levels. 

StatisticalStatistical analysis The results of the study 
weree analyzed with the SPSS statistical soft-
waree package (version 10.0.7). Differences 
inn baseline data between groups were com-
paredd with independent f-tests for numeri-
call  data and Fisher's Exact test for categorical 
data.. To compare percentages we used the 
XX22 test. Univariate analysis was performed 
forr determinants of retinal changes and cata-
ract,, and variables with a P-value <0.1 were 
enteredd in a multivariate analysis, using logis-
ticc regression analysis. 
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Result s s 

Betweenn January 1982 and January 1993, 246 
patientss with Graves' ophthalmopathy were 
referredd to our clinic. Of these, 245 could 
bee traced. Of these, 213 had been treated 
withh oral steroids, of whom 127 also received 
radiotherapy;; 32 were treated with radiother-
apyapy alone. We then compared 159 irradiated, 
withh 86 non-irradiated patients. 

MORTALITYY (STUDY A) 

Fromm 245 patients, after a mean follow-up 
timee of 11 3 years (mean  standard devia-
tion),, 37 had died and 208 were still alive 
(Figuree 1). Mortalities were similar in irra-
diatedd patients and nonirradiated patients 
(Tablee 1). Seven patients had died of a dis-
easee already manifest before treatment of their 
GOO (diabetes mellitus, pulmonary carcinoma, 
heartt failure, metastasized liver cell carci-
noma,, breast cancer, liver insufficiency due 
too hepatitis C, all in the irradiated group, and 
multiplee sclerosis in the nonirradiated group). 
Iff  these patients are excluded from the analy-
sis,, mortalities in the two groups remain simi-
lar:: 21 of 153 irradiated patients (14%) us. 9 
off  85 nonirradiated patients (11%, P=0.546). 
Causess of death for the remaining 30 patients 
weree mainly cardiovascular events, malig-
nanciess and various causes such as drowning, 
dementiaa or diabetes. No patient had died of 
ann intracranial tumor. Two patients had died 

Deceased d 

yes s 

no o 

Is s 

yes s 

27 7 

10 0 

37 7 

no o 

132 2 

76 6 

208 8 

n n 

159 9 

86 6 

245 5 

27/159 9 
(17%) ) 

10/86 6 
(12%) ) 

Tablee 1: Study A: Mortality in Graves' 
ophthalmopathyy patients treated with or without 
retrobulbarr irradiation. 

fromm a hematological malignancy, one from a 
myelodysplasticc syndrome (irradiated group) 
andd one from an acute myeloid leukemia 
(nonirradiatedd group). From three patients 
thee cause of death could not be obtained. 
Twoo of them had received radiotherapy, one 
att the age of 71 years and the other 13 years 
beforee his death at the age of 92 years. 

FOLLOW-UPP STUDY (STUDY B) 

Pretreatmentt characteristics of all 245 patients 
aree presented in Table 2. Of the 245 patients, 
1577 agreed to participate in the follow-up 
studyy (75% of the still-livin g patients). Of 
thesee 157 patients, 141 had been treated with 
orall  steroids, of whom 88 also received radio-
therapy;; 16 were treated with radiotherapy 
alone.. We then compared 104 irradiated 
patientss with 53 nonirradiated patients (Fig-
uree 1). Pretreatment diabetes was present in 
fivee of 104 irradiated patients and one of 53 
nonirradiatedd patients. Systolic and diastolic 
bloodd pressures were similar in the differ-
entt treatment groups as were plasma glucose, 
HbA] cc and creatinine levels. The follow-up 
timee of the 157 participants of study B was 
11  3 years (Table 3). 

PossiblePossible retinopathy Retinal photographs were 
takenn of 154 of 157 participants and assessed 
inn a masked fashion for possible retinopathy. 
Cataractt or technical failure made interpre-
tationn impossible in 4 of 308 retinal pho-
tographs,, leaving 304 retinal photographs 
(correspondingg to 154 patients). Possible reti-
nopathyy was present in 23 patients, of whom 
222 had been irradiated and only one had not 
(211 vs. 2%; P=0.002). Using multivariate 
analysis,, the presence of possible retinopa-
thyy in the irradiated patients was only asso-
ciatedd with pretreatment diabetes (P=0.029), 
andd not with age, gender, smoking habits or 
bloodd pressure. Five of the 23 patients had 
definitee retinopathy (all had been irradiated) 
andd these patients had a visual acuity lower 
thann that of those with possible retinopathy 
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Tablee 2: Baseline data of 245 Graves' ophthalmopathy patients before any treatment was given. Patients 
aree divided into those who had died (deceased), patients who refused a follow-up visit (refusers study B) and 
patientss who participated in the follow-up study (participants study B) 

Baselinee data 

Numberr of patients 

Followw up time in years 
(meann  SD) 

Femalee sex 

Smokerss ever 

Agee (years) at time of therapy 
(meann +SD) 

Radiotherapyy treatment 

Glucocorticoidd treatment 

Totall  Eye Score (mean + SD) 

Visuall  acuity (mean  SD) 

Al ll  patients 

245 5 

3 3 

75% % 

89% % 

3 3 

65%. . 

87%. . 

15+8.3 3 

8 8 

Deceased d 

37 7 

4 4 

70%, , 

88% % 

2 2 

73%) ) 

76%) ) 

19+10.8 8 

1 1 

Refusers s 
studyy B 

51 1 

3 3 

67%. . 

90% % 

2 2 

55%. . 

86%) ) 

15+7.6+ + 

+ + 

Participants s 
studyy B 

157 7 

11+3 3 

78% % 

89%, , 

* * 

66%, , 

90%, , 

+ + 

+ + 

PP <0.U1 compared with refusers study B and deceased f P <0.05 compared with deceased 

onlyy (Table 4). Of these five, two had pre-
treatmentt diabetes, whereas one patient had 
developedd diabetes during follow-up. Using 
multivariatee analysis, pretreatment diabetes 
wass again significantly associated with defi-
nitee retinopathy (P=0.005). The Relative 
Riskk for developing retinopathy in diabetic 
patientss treated with radiotherapy was 21 
(95%.. confidence interval, 3-179). None of 
thee diabetic patients had signs of retinopathy 
onn fundoscopy before irradiation. 

CataractCataract The overall prevalence of cata-
ractt and the class of cataract were similar in 
irradiatedd and nonirradiated patients (29% 
vs.vs. 34%) (Table 3). The patients with cata-
ractt were older than the patients without (67 
++ 11 vs. 0 years; P<0.001). Their visual 
acuityy was lower (0.76 2 vs. 0.88 ; 
P<0.001).. Percentages of pretreatment diabe-
tess were similar in patients with and without 
cataractt (4.6 vs. 2 % respectively; P-0.433). 
Theree was no difference in type of cata-
ractt among irradiated vs. the nonirradiated 

patients.. The overall prevalence of posterior 
subcapsularr cataract was 22 of 157 (14%) and 
thee overall frequency of prior cataract surgery 
wass 7 of 157 (4.5%). Multivariate analysis 
showedd that only older age was associated 
withh the presence of cataract (P< 0.001). 

Discussion n 

Inn this retrospective follow-up study among 
2455 patients with moderately severe GO, we 
foundd that radiotherapy was not associated 
withh increased mortality: 27 of 159 (17%) 
irradiatedd patients vs. 10 of 86 (12%>) nonir-
radiatedd patients, had died after a 11 3 years 
off  follow-up. Although these results are reas-
suring,, our sample size does not exclude the 
possibilityy of tumor induction entirely. The 
theoreticall  lifetime risk of radiation induced 
cancerr has been calculated to be between 0.3— 
1.2%>.'*"2""  In our study, as well as in others 
evaluatingg a total of 606 patients, no cases of 
irradiation-inducedd cancer were detected/'-
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Tablee 3: Study B: Data at time of follow-up in 157 Graves' ophthalmopathy patients. Patients are divided 
intoo two groups based on past treatment, namely irradiated and non-irradiated patients. When relevant 
pretreatmentt data are also given. 

treatment t 

Agee at follow-up (years; mean  SD) 

Sexx (%, female) 

Yearss of follow-up (mean  SD) 

Smokerss (%) 
ever r 
att follow-up 

Totall  Eye Score mean 1 SD 
pretreatment t 
att follow-up 

Visuall  acuity mean 1 SD 
pretreatment t 
att follow-up 

Clinicall  Activity Score (median/range) 

Retinall  changes (%,) 

Cataractt (%,) 

Numberr of patients 
LOCSS II: 

NCC (0/1/2) 

NN (0/1/2) 

CC (0/0.5/1/2/3/4/5) 

PP (0/1/2/3/4) 

Numberr of patients operated for cataract 

Diabetess (%,) 
pretreatment t 
att follow-up 

Hypertensionn (%>) 
pretreatment t 
att follow-up 

Irradiated d 

n=U)4 4 

2 2 

79% % 

6 6 

90% % 
55%) ) 

144 1 
§ § 

0.8710.2 2 
0.8410.2 2 

0/0-4 4 

211 %, 

29%, , 

76/20/5 5 

45/50/6 6 

70/12/7/5/6/1/0 0 

84/10/5/2/0 0 

3 3 

5%, , 
9%) ) 

22%, , 
24%, , 

Non-irradiated d 

n=53* * 

57113 3 

78% % 

1112.6 6 

86%, , 
55%, , 

144 18.4 
§ § 

0.8910.2 2 
0.8710.2 2 

0/0-2 2 

2% t t 
34% % 

37/11/1 1 

25/21/3 3 

32/6/2/5/3/1/0 0 

44/4/I/O/O O 

4 4 

2% % 
2% % 

17%, , 
19% % 

**  three patients had no retinal photographs taken f P— 0.002 compared with irradiated patients 
§§ P<0.001 compared with pretreatment value 

Althoughh a small risk for radiation-induced induction of potentially serious diseases such 
mortalityy cannot be excluded, these results as diabetes mellitus and depression.̂ 
shouldd be compared with the long-term The main question is, however, whether 
effectss of glucocorticoids. As reported before, radiotherapy induces retinopathy, because 
thesee are not negligible and include the this would be a complication that is not easy 
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too treat. Radiotherapy was associated with a (P=0.023) and patients with possible reti-
higherr prevalence of definite retinopathy in nopathy on photography (P=0.039). In 4 of 
patientss with diabetes mellitus, whereas possi- 5 patients, other well established risk factors 
blee retinopathy without apparent clinical con- for retinopathy were present. Namely, in 2 of 
sequencess were also seen more frequently in 5 diabetes mellitus was already present at the 
irradiatedd than in nonirradiated patients. The time of radiotherapy treatment, and in one 
questionn thus arises whether radiotherapy can additional patient diabetes mellitus developed 
bee considered a safe treatment for moderate later. One patient suffered from hypertension, 
too severe GO. In five patients, all irradiated, a known risk factor for retinopathy as well, 
clinicallyy significant bilateral retinopathy was The only significant risk factor for the induc-
presentt as manifested by 10 to 50 (median 23) tion of retinopathy in the irradiated patients 
hemorrhagess and/or microaneurysms on reti- in our study was diabetes mellitus, with a 
nall  photographs and a decreased visual acuity relative risk of 21.0 (95% confidence interval, 
(0.666  0.2 vs. 0.85  0.2) relative to both 3.0-179.0). This is in agreement with several 
patientss with normal retinal photographs case reports that described radiation-induced 

Tablee 4: Comparison between Graves' ophthalmopathy patients with normal retina photographs, retinal changes 
andd significant retinopathy. Statistical analysis was performed with univariate and multivariate analysis. 

numberr of lesions (median/range) 

Agee in years at follow-up (mean  SD) 

Femalee sex (%) 

Smoking g 
att baseline (%) 
att follow-up (%) 

Visuall  acuity (mean  SD) 

Totall  Eye Score at follow-up (mean  SD) 

Diabetes s 
att baseline (%) 
att follow-up (%) 

Glucosee levels in mmol/1 (mean + SD) 

HbA lc%% ) 

Hypertension n 
att baseline (%) 
att follow-up (%) 

Systolicc blood pressure (mmHg) mean  SD 

Diastolicc blood pressure (mmHg) mean  SD 

Normall  retinal 
photographs s 

n=131 1 

--

577 2 

77% % 

79% % 
55%. . 

0.855  0.2 

5 5 

2%, , 
5% % 

5.88  1.9 

5.88  1.0 

23% % 
22% % 

1344 1 

855  11 

Retinal l 
changes s 

n=18 8 

1.55 (1-5) 

555  12 

89%. . 

73%> > 

61%. . 

0.855  0.2 

6 6 

6%. . 
6%, , 

5.77  1.5 

5.77 6 

11%. . 

11% % 

1333 3 

8 8 + 11 1 

Retinopathy y 

n=5 5 

233 (10-50) 

600  13 

60% % 

100%, , 
40% % 

0.666  0.2* 

6 6 

40%t t 
60%f f 

7.33 9 

7.22  1.3:-

0% % 
40% % 

1300 1 

855 5 

**  P<0.05 compared with patients with normal retinal photographs and patients with retinal changes 
ff  P <0.05 compared with patients with normal retinal photographs 
§§ P<0.01 compared with patients with normal retinal photographs and patients with retinal changes 
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retinopathyy in diabetic patients and with a 
recentt follow-up study from Pisa that found 
retinopathyy in 2 of 7 (14%) patients with both 
hypertensionn and diabetes.21 

Thesee findings imply that diabetes mellitus 
shouldd be a contraindication for retrobulbar 
irradiation.. It cannot be ruled out that the 
diabetess itself gave rise to the development 
off  retinopathy; however, most reported cases 
off  retinopathy after 20 Gy of orbital irradia-
tionn have been in diabetic patients, suggest-
ingg a relation. No patient had evidence of 
retinopathyy on fundoscopy before radiother-
apyy treatment. Radiation-induced damage is 
thoughtt to arise from injury to retinal vascu-
larr cells, leading to changes in the retinal cap-
illaryy bed. These changes may be reversible 
butt perhaps in the copresence of diabetes, a 
diseasee known to cause vascular damage, can 
bee permanent.22 

Thee decreased visual acuity in the group of 
definitee retinopathy patients is due to severe 
retinopathyy in 2 cases, treated by macular and 
panretinall  photocoagulation therapy in the 
past.. No patient with retinopathy suffered 
fromm cataract or optic neuropathy. 
Seventeenn patients treated with radiotherapy 
hadd possible retinopathy defined as one to 
fivee hemorrhages and/or microaneurysms 
onn standardized retinal photographs. These 
lesionss were indeed clinically minor, since 
thee visual acuity of these patients was similar 
too that of the others with normal retinal pho-
tographs.. Possible retinopathy or so-called 
backgroundd retinopathy has been found in 
largee population-based studies in healthy 
individuals,, with a prevalence of between 
5-10%% in healthy individuals.23'24 The clini-
call  significance of these findings is uncer-
tain,, and it is not known whether or not this 
backgroundd retinopathy develops into defi-
nitee retinopathy or remains the same. It is not 
possiblee to distinguish for certain whether the 
microaneurysmss and hemorraghes are due to 
diabetes,, hypertension or irradiation damage. 
Recently,, the incidence of background reti-

nopathyy after a mean follow up of 9 years was 
estimatedd to be 7.3% in a nondiabetic popula-
tionn and 17.5% in a diabetic population.̂  
Cataractt is another potential long-term side 
effectt of radiotherapy, because the tolerance 
dosee of the lens is only 5 Gy in one fraction.26 

Becausee radiotherapy is given in ten frac-
tionatedd doses and approximately 10% wil l 
bee delivered to the lens, the total dose wil l 
bee about 2 Gy, below this threshold. Mar-
coccii  et al.2] found a cataract prevalence of 21 
off  154 (10.3 %) patients treated with orbital 
irradiationn (and almost always also with cor-
ticosteroids)) because of GO and concluded 
thatt radiotherapy may increase the risk of 
cataractt formation after irradiation, although 
theirr study lacked a control group. In our 
studyy we did not find a difference in cataract 
prevalencee between the irradiated (29% had 
cataractt at follow-up)) and the nonirradiated 
patientss (34%), suggesting that radiotherapy is 
nott a risk factor for this. We did find, how-
ever,, a higher cataract prevalence than of the 
Pisaa study, which may be explained by the 
factt that we used the rather sensitive LOCS II 
criteria.. Our cataract prevalence is in agree-
mentt with a Finnish study using the same cri-
teriaa as we did, showing an overall prevalence 
off  cataract of 59%. However, it remains dif-
ficultt to compare these results to our cohort 
becausee it was based on subjects of 70 years 
andd older and the mean age in our cohort 
wass 57 years.16 The Beaver Dam Eye Study 
off  men and women 43 years or older showed 
ann increasing prevalence of cataract with age, 
andd in women, more severe cataract was 
present.277 They found a similar prevalence 
off  cataract in women between 55-64 36%, 
usingg definitions of cataract slightly different 
fromm ours. Conversely, most (141/157) of 
ourr patients had also been treated with glu-
cocorticoids,, a known risk factor for posterior 
subcapsularr cataract. This may explain the 
ratherr high prevalence of this typical form of 
cataractt in our study (14%), compared with 
aa prevalence of only 4% in another study.28 
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Thuss it seems that glucocorticoid treatment 

off  GO does indeed induce posterior subcap-

sularr cataract. 

Inn conclusion, retrobulbar irradiation for 

moderatelyy severe GO seems safe in the long 

term,, in comparison with the wel l -known 

glucocorticoidss side effects. Diabetes mellitus 

mightt be considered a contraindication for 

orbitall  irradiation. 
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