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Prospective Study of Exclusive Strontium-/Yttrium-90 
β-Irradiation of Primary and Recurrent Pterygia with 
No Prior Surgical Excision
Clinical Outcome of Long-Term Follow-Up

Iraklis Vastardis1, Bojan Pajic2, Richard H. Greiner3, Brigitte Pajic-Eggspuehler2, Daniel M. Aebersold4

Purpose: To evaluate the consecutive treatment results regarding pterygium recurrence and the efficacy of exclusive strontium-/
yttrium-90 β-irradiation for primary and recurrent pterygia and to analyze the functional outcome.
Patients and Methods: Between October 1974 and December 2005, 58 primary and 21 recurrent pterygia were exclusively 
treated with strontium-/yttrium-90 β-irradiation with doses ranging from 3,600 to 5,500 cGy. The follow-up time was 46.6 ± 26.7 
months, with a median of 46.5 months.
Results: The treatment led to a size reduction in all pterygia (p < 0.0001). Neither recurrences nor side effects were observed 
during therapy and follow-up in this study. Best-corrected visual acuity increased (p = 0.0064). Corneal astigmatism was reduced 
in recurrent pterygia (p = 0.009).
Conclusion: Exclusive strontium-/yttrium-90 β-irradiation of pterygia is a very efficient and well-tolerated treatment, with 
remarkable aesthetic and rehabilitative results in comparison to conventional treatments, especially for recurrent lesions which 
have undergone prior surgical excision.
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Prospektive Studie zur Behandlung des primären und rezidivierenden Pterygiums nach ausschließlicher Strontium-/
Yttrium-90-Bestrahlung. Klinisches Ergebnis im Langzeitverlauf

Ziel: Evaluation der Behandlungsergebnisse in Bezug auf Rezidivrate, Effizienz und Funktion der ausschließlichen Strontium-/
Yttrium-90-β-Bestrahlung von primären und rezidierenden Pterygien. Analyse des kornealen und des refraktiven Astigmatismus 
im Vergleich zu den postoperativen Ergebnissen konventioneller Behandlungsmethoden.
Patienten und Methodik: Zwischen Oktober 1974 und Dezember 2005 wurden 58 primäre und 21 rezidivierende Pterygien mit 
ausschließlicher Strontium-/Yttrium-90-β-Bestrahlung mit Dosen von 3 600–5 500 cGy behandelt. Die mittlere Nachbeobach-
tungszeit betrug 46,6 ± 26,7 Monate, median 46,5 Monate.
Ergebnisse: Die Behandlung führte bei allen Pterygien zu einer Größenabnahme (p < 0,0001). Es wurden keine Rezidive und 
keine unerwünschten Nebenwirkungen beobachtet. Die bestkorrigierte Sehschärfe stieg signifikant an (p = 0,0064), der korneale 
Astigmatismus verkleinerte sich signifikant bei den rezidivierenden Pterygien (p = 0,009).
Schlussfolgerung: Die ausschließliche Strontium-/Yttrium-90-β-Bestrahlung des Pterygiums ist eine sehr effiziente und gut 
tolerierte Behandlungsmethode mit einem bemerkenswerten ästhetischen und rehabilitativen Resultat in Vergleich zu den kon-
ventionellen Behandlungskonzepten, vor allem bei rezidivierenden Pterygien nach primärer operativer Exzision.
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Introduction
The medical term pterygium, a bulking, vascular tissue, which 
expands toward the center of the cornea, is derived from the 
Greek word pteron meaning wing. According to a hypothesis 
made by Dushku et al. regarding the pterygium pathogen-
esis, the limbal epithelial stem cells are proliferating, using 
Bowman’s membrane as a leading structure and destroying 
it during its advancement [16]. The pterygium consists of a 
cup, body and head, and it appears predominantly in the nasal 
site and less often in temporal site [12]; bilateral lesions have 
also been documented [14, 32]. The incidence and prevalence 
vary according to the geographic region, favoring southern 
climate regions, since studies have correlated its frequency 
with chronic exposure to UV radiation (290–400 nm), hence 
affecting predominantly population near the equator, the 
Mediterranean, Australia, and in the Middle East [13, 44]. 
However, pathogenesis of pterygium is considered to be a 
multifactorial process involving other pathologic factors and 
mechanisms [13].

Mutations in the TP53 gene or TP53 family in the parental 
limbal basal cells caused by UV light exposure, abnormal elas-
totic material production and various matrix metalloprotein-
ase proteins invading the cornea, the overproduction of the 
transforming growth factor (TGF-β) via the p53-Rb-TGF-β 
pathway [16] and fibroblast growth factors combined with 
vascular endothelial growth factors responsible for the angio-
genesis [16, 25, 45] are part of this complex process, placing 
pterygia close to invasive tumors [11, 16].

Clinically, the progression of this lesion demonstrates 
a great impact on the cornea morphology and shape induc-
ing corneal and refractive astigmatism by flattening localized 
 areas central to their apex [13, 14, 26, 35, 42]. The pterygium 
was also found to induce significant amount of regular and ir-
regular astigmatism according to its size [5, 24, 26, 29, 31, 32, 
41, 43] and various complications like tear pooling, a feature 
found also in cases of limbal conjunctival carcinomas [14, 26], 
were also correlated to pterygium proliferation.

In general practice, pterygia are treated surgically, and 
over the years, various techniques like bare sclera surgical 
excision, conjunctiva flaps and autografts [22] surfaced. Such 
techniques showed rather unsatisfactory results since recur-
rence of the lesion with a more aggressive pattern occurred 
frequently [16]. The post- and/or intraoperative use of antime-
tabolite drugs like mitomycin C and thiotepa improved results 
with low recurrence rates, but still reports of severe complica-
tion due to high toxicity like cataract formation and scleral 
calcifications or necrosis were documented [21].

The therapy approach through postoperative stron-
tium-/yttrium-90 β-irradiation is not so propagated among 
fellow ophthalmologists. Although radiation therapy is 
widely regarded as beneficial in ophthalmology as well 
[9], standard methods like surgical excision with or without 
the use of antimetabolite drugs [22] are commonly used even 
nowadays.

This study provides evidence, that the moderately 
advanced primary and recurrent pterygia are responding 
remarkably well to radiotherapy – in line with the efficacy 
of radiotherapy in other benign diseases [20, 27, 36, 37, 47, 
50] –, with neither recurrence nor late complications ob-
served after therapy and during follow-ups in any patient in 
this study.

Patients and Methods
Between October 1974 and December 2005, 70 patients 
(38 females), with age varying from 28 to 95 years (median, 
65 ± 14.03 years), were recruited to this study earlier from 
the Swiss Eye Research Foundation – ORASIS Eye Clinic, 
Rei nach, and later from the Ophthalmology Clinic Pallas, 
Olten, both Switzerland. The study protocol was formed ini-
tially in 1974 in which all patients with signs of pterygium 
activity were included. Inclusion criteria were pterygium 
activity (vascular growth and length growth), chronic irri-
tation (sicca syndrome) and red-eye syndrome with visual 
acuity disturbances escorted with astigmatism’s increase. 
Exclusion criteria were predominantly signs of inactive pte-
rygium or pseudopterygium. The number of scheduled pro-
tocol ophthalmologic sessions was five (1st, 3rd, 6th, 12th, 
and 18th month with the 18th month being the early end-
point). Postprotocol sessions up to 46.5 months were also 
included as late endpoint result to evaluate recurrence or 
late complications (radiogenic cataract) over a long period 
of time. All late endpoints were assessed by two ophthal-
mologists (B.P. and I.V.) with identical assessment criteria. 
Prior to treatment, all patients were informed about pos-
sible complications of the irradiation including iatrogenic-
radiogenic cataract formation, possible recurrence of the 
 lesion, chronic scleral calcifications, and scleral necrosis.

A total of 79 pterygia (58 primary and 21 recurrent pte-
rygia after former excision and mitomycin C 0.02% instilla-
tion), all located nasally, were treated with exclusive stron-
tium-/yttrium-90 irradiation. 14% of pterygia were found in 
people with Mediterranean origin and in people with origin 
from the Balkan and Asia Minor region respectively, while 
the remaining percentage was found in patients from the re-
gion of the institutions. The pterygia had a progressive prolif-
eration with signs of activity, ocular irritation and astigmatism 
(–1.0 ± 1.5 D), with the lowest value being –5.75 D. Pictures 
of each pterygium were taken at the beginning of treatment 

Table 1. Summary of irradiation dose and fractions.

Tabelle 1. Dosis per Fraktion und Anzahl der Fraktionen.

Total dose (cGy) 5,500 5,000 4,800 4,200 3,600
Fractions (n)        5        4        8        7        6
Single dose (cGy) 1,100 1,250    600    600    600
Primary (n)        0      29        0        6      23
Recurrent (n)        1        7        9        1        3
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Figure 1. Strontrium-/yttrium-90 applicator.

Abbildung 1. Strontium-/Yttrium-90-Applikator.
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using a fundus camera (FF 450/FF 450 IR Zeiss) for digi-
tized photo measuring process of the eye’s surface. In earlier 
and later times, slit-lamp measurements of each pterygium’s 
length, size and distance of the head to the corneal limbus 
were made in order to control the proliferation. In earlier 
times, manual keratometry was used for corneal astigmatism 
record, while later corneal topography was performed with a 
video keratoscope (orbscan II version 3.0, Bausch & Lomb 
Zyoptix), which served for the same purpose. Astigmatism 
analysis is quite complex [51] due to its direction and magni-
tude. We analyzed corneal and refractive astigmatism using 
the surgically induced vector analysis and the simple subtrac-
tion analysis [2].

The total irradiation dose, the single irradiation dose and 
fractionation for the primary and recurrent pterygia varied 
(Table 1). The irradiation was applied using the strontium-/
yttrium-90 applicator, a convex plate of 12 mm diameter with 
the radioactive material in the inner surface of the plate. This 
plate is then attached to a pen-like hold, which facilitates its 
use (Figure 1).

The patients received local anesthesia (oxybuprocaine), 
eyelids were spread, and the patients were instructed to fix on 
a spot on the ceiling and to hold this fixation while the physi-
cian targeted the affected area [32].

The opening of the applicator is coated with layers of 
stainless steel and aluminum, which acts as a filter decreasing 
the strontium-90 irradiation to 3% and the yttrium to 60% 
of their initial values [32]. The dose at 1 mm distance from 
the applicator surface decreases down to 50% of the surface 
dose. This value is < 25% of the initial dose at 2 mm and 
about 1% of the dose at 5 mm distance. The distance between 
the lens equator and the limbus is 4 mm. Therefore, the lens 
reaches < 4% of the calculated treatment dose (Figure 2) 
[32]. The duration of the application is determined by the 
age of the strontium plate and the level of the fraction dose. 
The dose was prescribed on the surface. All applications 
were performed twice a week. A complete ophthalmologic 
examination was performed in all patients prior to irradia-
tion and during the 1st week. The mean follow-up time was 
46.6 ± 26.7 months, with a median of 46.5 months. The treat-
ment results are presented according to our study protocol in 
the previously mentioned time periods. However, as stated 
before, data of postprotocol sessions were also recorded and 
analyzed to assess recurrence and cataract formation after 
the early endpoint (18th month). None of the patients had 
undergone cataract or refractive surgery prior to or after this 
treatment.

For statistical analysis, MedCalc® version 9.3.0.0 was 
used. Wilcoxon’s, Kruskal-Wallis and rank correlation tests 
were used where rejection of normal distribution existed 
(Kolmogorov-Smirnov test and Chi-square test). Where dis-
tribution was normal, Student’s paired t-test, one way-analysis  
of variance (ANOVA) or other parametric tests were used. 
Significance was given at p ≤ 0.05. 

Results
All pterygia showed a significant decrease in size even af-
ter the 1st month of treatment. The initial mean horizontal 
diameter of all pterygia was 2.05 ± 1.1 mm with size rang-
ing from 0.3 to 5 mm and, until the last frame of record for 
every patient, diminished to 1.03 ± 0.8 mm with the highest 
value being 4.2 mm and the lowest 0 mm, which was record-
ed in eleven cases (p < 0.0001). Primary lesions shrunk from 
2.12 ± 1.01 mm to 1.07 ± 0.78 mm, and the recurrent ones from 
1.85 ± 0.98 mm to 1.02 ± 0.74 mm. This difference in size was 
highly statistically important on the whole, as well as indi-
vidually for primary and recurrent pterygium (p < 0.0001 and 
p < 0.0001, respectively). The percentage in size reduction for 
all lesions was also highly statistically important (p < 0.0001). 
The steepest decrease, 16% ± 22%, took place between the 
3rd and 6th month. The results regarding the decrease in size 
and the percentage in size reduction through time are analyti-
cally displayed in Table 2.

The mean of best-corrected visual acuity (BCVA) prior 
to this treatment was 0.9 ± 0.29, with values ranging from 0.25 
to 1.0, and increased to 1 ± 0.15, with values ranging from 
0.3 to 1.20, as measured in Snellen optotypes. The BCVA 
prior to treatment differed statistically significantly regard-
ing the kind of lesions (p = 0.0228; means 0.94 ± 0.26 and 
0.75 ± 0.33). The improvement of BCVA showed to be statisti-
cally significant for all treated eyes in this study and differed 
regarding the pterygia (p = 0.0027; means 4.33 ± 17.10 and 
63.7 ± 91.86). More analytic results are demonstrated in 
Table 3.

The corneal astigmatism for all pterygia was 
–2.29 ± 2.27 D × 76.92° ± 71.34° and was reduced to 
–1.80 ± 2.28 D × 81.76° ± 74.34°. The difference of corneal 
astigmatic magnitude was statistically significant regarding 
the kind (primary, recurrent) of pterygia (p = 0.0035, mean 
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Table 2. Analytic display regarding means of size and percentage reduction.

Tabelle 2. Größenreduktion der Pterygien (Mittelwerte und Prozente).

Primary pterygia Recurrent pterygia

Size (mm) p-value Percentage (%) p-value Size (mm) p-value Percentage (%) p-value

Baseline 2.12 ± 1.01 0 1.85 ± 0.98 0

1st month 1.84 ± 0.97 < 0.0001 12 ± 16 < 0.0001 1.75 ± 0.89 0.0013   9 ± 11 0.0010

3rd month 1.56 ± 0.90 < 0.0001 26 ± 26 < 0.0001 1.53 ± 0.79 0.0068 22 ± 25 0.0010

6th month 1.34 ± 0.84 < 0.0001 38 ± 25 < 0.0001 1.25 ± 0.82 0.0063 37 ± 27 0.007

12th month 1.228 ± 0.84    0.0001 45 ± 25 < 0.0001 1.03 ± 0.80 0.0005 49 ± 32 0.0013

18th month 1.22 ± 0.81    0.0150 45 ± 26    0.0127 1.02 ± 0.80 0.0823 43 ± 31 0.1063

Last frame of record 1.07 ± 0.78    0.0005 49 ± 25    0.003 1.02 ± 0.74 0.0893 47 ± 32 0.29

811

Figure 2. Schematic representation of the depth-dose exponential decrease of strontium-/yttrium-90 irradiation emission through the anatomic 
parts of the eye. 

Abbildung 2. Darstellung der Tiefendosiskurve der Strontium-/Yttrium-90-Bestrahlung in Relation zu den anatomischen Strukturen des Auges.
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0.15 ± 0.77 and 1.62 ± 0.97, Kruskal-Wallis test). The extent of 
the reduction was of high statistical importance in Student’s 
t-test for the recurrent pterygia (Table 3). The astigmatic mag-
nitude postoperatively was highly correlated with the final 
size of all pterygia accounted at the last frame of record for ev-
ery patient (p = 0.0046, r = –0.53, correlation coefficient test). 
The induced refractive astigmatism due to irradiation was 
0.37 ± 0.83 D × 43.26° ± 60.91° and the induced corneal astig-
matism due to irradiation was 0.97 ± 0.54 D × 84.54° ± 60.35°. 
Induced corneal and refractive astigmatism differed statisti-
cally significantly between them (p = 0.0214; means 0.97 ± 0.54 
and 0.53 ± 1.11, Wilcoxon’s paired-sample test).

Regarding the kind of pterygium and the single irradia-
tion doses (6 and 12.5 cGy) mostly used in this study, no sta-
tistically important results in means of size reduction percent-
age or BCVA were found (Table 4). In none of 79 pterygia a 
recurrence developed. No scleral thinning, necrosis or scleral 
calcification as well as iatrogenic (radiogenic) cataract was in-
duced during or after the treatment and follow-up sessions. 
Minor ocular irritations (red eye, telangiectasia, and sicca)  
were properly handled. 

Discussion
Exclusive irradiation of pterygium without prior surgical exci-
sion is still an option of treatment not so common among fel-
low ophthalmologists [40]. In the major review by Hirst [22], 
radiotherapy is not mentioned and was only recently added as 
a therapeutic approach [4]. Commonly, β-irradiation was fa-

miliar among ophthalmologists as an option of treatment only 
after an excision had been made in order to prevent further 
recurrence of the lesion [10].

This study presents, for the first time, long-term results us-
ing exclusive strontium-/yttrium-90 irradiation, not only con-
cerning size reduction, as we demonstrated in previous publi-
cations [32], but also regarding the way pterygia responded to 
this treatment divided in groups, the assessment of recurrence 
rate, the improvement of BCVA, and the extent corneal astig-
matism changed in favor of the patient.

Recurrences are well known to occur after excision of pte-
rygia using common surgery techniques like the bare sclera ex-
cision or conjunctiva flaps and autografts, or after β-irradiation 
using predominantly a single-dose (> 2,000 cGy) treatment [8, 
10]. In a study by Anduze & Merritt, out of 300 pterygia re-
cruited, 270 primary pterygia were treated surgically of which 
247 lesions showed recurrence after 12 months (91%). Out of 
17 recurrent pterygia, six lesions showed a second recurrence 
(35%) [3]. The post- and/or intraoperative use of antimetabo-
lite drugs like mitomycin C or thiotepa [19, 33, 38] improved 
results with low recurrence rates, but still reports of severe 
complication due to high toxicity like cataract formation and 
scleral calcifications or necrosis are well documented [15, 18, 
39]. However, recent publications on primary pterygium sur-
gical treatment followed by extended conjuctival transplan-
tation, showed remarkable results in 250 primary pterygia 
concerning the recurrence rate, achieving a recurrence rate 
of 0.4% and no change in BCVA during 462 ± 172 days of 
follow-up [23].

Table 3. Summary of results. BCVA: best-corrected visual acuity.

Tabelle 3. Resultate in der Übersicht. BCVA: bestkorrigierte Sehschärfe.

Primary pterygia (n = 58) Recurrent pterygia (n = 21)

Baseline Postirradiation p-value Baseline Postirradiation p-value

Size (mm) 2.12 ± 1.01 1.07 ± 0.78 0.0001 1.85 ± 1.0 0.93 ± 0.72 0.0002

Reduction (%) 0 49 ± 25 0.0001 0 47 ± 32 0.0005

BCVA 0.9 ± 0.25 1.0 ± 0.25 0.35 0.75 ± 0.3 1.0 ± 0.21 0.003

Refractive astigmatism (D) –0.75 ± 1.20 –0.75 ± 1.23 0.25 –1.30 ± 2.25 –0.86 ± 1.61 0.18

Corneal astigmatism (D) –2.16 ± 2.51 –2.01 ± 2.46 0.40 –2.73 ± 1.29 –1.1 ± 1.5 0.009

Table 4. Importance of single irradiation dose for best-corrected visual acuity (BCVA) differences and size reductions (comparison of means of 
baseline and endpoint results).

Tabelle 4. Bedeutung der Einzeldosis in Bezug auf Unterschiede in der bestkorrigierten Sehschärfe („best-corrected visual acuity“ [BCVA]) und 
Größenreduktion der Pterygien (Vergleich der Mittelwerte von Ausgangsbefunden und Ergebnissen am Ende des Nachbeobachtungszeitraums. 

All pterygia Primary pterygia Recurrent

Irradiation (cGy) 1,250 600 1,250 600 1,250 600

Means p ≤ 0.05 Means p ≤ 0.05 Means p ≤ 0.05

BCVA difference 0.09 ± 0.20 0.08 ± 0.23 0.99 0.03 ± 0.15 0.07 ± 0.13 0.91 0.29 ± 0.22 0.38 ± 0.30 0.33

Size reduction (%) 46 ± 35 50 ± 16 0.85 49 ± 32 49 ± 16 0.81 36 ± 46 56 ± 20 0.43
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The use of β-irradiation was more common postopera-
tively in the treatment of pterygia. Paryani et al. treated 690 
pterygia, using a total dose of 6,000 cGy divided in six frac-
tions and achieved a recurrence rate of 1.7% [34]. Van den 
Brenk treated 349 lesions using a total dose of 2,400 cGy 
divided in three fractions and reported 1.4% of recurrences 
[48].  Alaniz-Camino treated 483 lesions using a total dose 
of 2,800 cGy divided in four fractions and achieved a 4.32% 
recurrence rate [1]. Many fellow colleagues anticipated less 
recurrences by increasing the total dose and dividing it into 
more fractions. Hilgers, by increasing the total dose by 1,000 
cGy (from 2,790 to 3,750 cGy), reduced the recurrence rate 
from 43% to 3% [21]. Van den Brenk increased the total 
dose from 1,750 cGy to 3,000 cGy and reduced the recurrence 
rate from 43% to 1.4% [48]. Brenner & Merriam calculated 
the linear-quadratic parameter α/β (~ 25 Gy) and suggested 
that fractionation should give an increased therapeutic ratio 
between nonrecurrence and late sequelae. Recurrence over 
late complications is demonstrated by the isoeffect curves 
[10]. However, Viani et al., in a series of 623 patients, ap-
plied brachytherapy after surgical excision with a median of 
60 months follow-up and using a total of 3,500 cGy with a 
five-to-seven-fractionation scheme; he reported > 9% of re-
currences in 73 cases and 0.8% of cataract formation in the 
context of other late complications due to the treatment [49]. 
According to Nowell the dose of 500 cGy at the level of the 
lens is thought to be caractogenic [30]. In his series of treat-
ment in 205 eyes a recurrence of only two eyes (1.46%) oc-
curred, implying that recurrence may occur when the output 
of the strontium applicator diminishes as the isotope decays 
in time. Van den Brenk [48], in the total series of 1,300 treated 
cases using various fractionations, reported no cataract for-
mation due to irradiation, as he postulated that between 3 
and 6 mm distance from the lens equator, only 20% to 1% of 
the total dose can reach the lens. 

In our study, neither recurrence nor late complications 
including radiogenic cataract formation were documented 

during the follow-up sessions 
and until the last frame of re-
cord for every patient treated 
with the respective dose and 
fractionation. We present, 
however, our recurrence re-
sults with caution, since the 
number of cases treated was 
small. Regarding the single ir-
radiation dose or the fractions 
of the irradiation, we found 
no statistically significant re-
sults that made a difference in 
size percentage reduction and 
 BCVA of the pterygia treated. 
Still we feel that a total dose of 
3,600 cGy, divided in six frac-

tions, is safer for the patient [6, 9, 32, 36, 37, 47] and is associ-
ated with the same benefits in all aspects tested in this study. 
Concerning the astigmatism and the BCVA final outcome 
after surgical excision, mostly of the primary pterygium, vari-
ous studies habe been published with very good results (e.g. 
[28, 46]). Errais et al. recently demonstrated that the astigma-
tism in 20 eyes with pterygium, treated with surgical excision, 
was reduced from 5.47 ± 3.45 D to 1.79 ± 1.52 D and BCVA 
increased from 0.73 ± 0.20 to 0.89 ± 0.16 [17]. Bahar et al., in 
a similar study of 55 eyes with primary pterygium, came with 
almost the same results. Astigmatism was reduced from 3.12 
± 2.43 D to 2.51 ± 2.5 D and BCVA increased from 20/40 to 
20/25 (0.5–0.8 in Snellen) [7]. In our study, the corneal astig-
matism of all pterygia was –2.29 ± 2.27 D × 76.92° ± 71.34° and 
was reduced to –1.80 ± 2.28 D × 81.76° ± 74.34°. The differ-
ence of corneal astigmatic magnitude was statistically signifi-
cant regarding the kind of pterygia and in recurrent lesions 
diminished from –2.73 ± 1.29 D to –1.1 ± 1.5 D. The BCVA 
prior to irradiation was 0.90 ± 0.28 and increased to 1 ± 0.15 
for all lesions accounted. In recurrent pterygia, it increased 
from 0.75 ± 0.3 to 1.0 ± 0.21, and in primary pterygia, it im-
proved, but no statistically important difference was found.

Conclusion
The very favorable aesthetic and functional results presented 
in this study (Figures 3a and 3b) suggests that nonsurgical, 
exclusive strontium-/yttrium-90 β-irradiation is a noninvasive 
and well-tolerated procedure that should be administered to 
patients and should be taken into consideration by fellow col-
leagues as a reliable treatment option.

References 
1. Alaniz-Camino F. The use of postoperative beta irradiation in the treatment 

of pterygia. Ophthalmic Surg 1982;13:1022–5.
2. Alpins N. Astigmatism analysis by the Alpins method. J Cataract Refract 

Surg 2001;27:31–49.
3. Anduze AL, Merritt JC. Pterygium: clinical classification and management 

in Virgin Islands. Ann Ophthalmol 1985;17:92–5.

Figures 3a and 3b. A patient’s eye prior to (a) and after treatment (b) at 6-month follow-up.

Abbildungen 3a und 3b. Pterygium vor (a) und 6 Monate nach Behandlung (b) mit dem Strontium-/
Yttrium-90-Applikator.

813Strahlenther Onkol 2009 · No. 12



Vastardis I, et al. Exclusive Strontium-/Yttrium-90 Irradiation of Pterygia

814

4. Ang LP, Chua JL, Tan DT. Current concepts and techniques in pterygium 
treatment. Curr Opin Ophthalmol 2007;18:308–13.

5. Avisar R, Loya N, Yassur Y, et al. Pterygium induced corneal astigmatism. 
Isr Med Assoc J 2000;2:14–5.

6. Ayukawa F, Shibuya H, Yoshimura R, et al. Curative brachytherapy for recur-
rent/residual tongue cancer. Strahlenther Onkol 2007;183:133–7.

7. Bahar I, Loya N, Weinberger D, et al. Effect of pterygium surgery on corneal 
topography: a prospective study. Cornea 2004;23:113–7.

8. Beyer DC. Pterygia: single fraction postoperative beta irradiation. Radiol-
ogy 1991;178:569–71.

9. Bischof M, Karagiozidis M, Krempien R, et al. Radiotherapy for orbital lym-
phoma. Outcome and late effects. Strahlenther Onkol 2007;183:17–22.

10. Brenner DJ, Merriam GR. Postoperative irradiation for pterygium: guidelines 
for optimal treatment. Int J Radiat Oncol Biol Phys 1994;30:721–5.

11. Cameron ME. Histology of pterygium: an electron microscopy study. B J 
Ophthalmol 1983;67:604–8.

12. Coroneo MT. Pterygium as an early indicator of ultraviolet insolation: A 
hypothesis. Br J Ophthalmol 1993;77:734–9.

13. Coroneo MT, Girolamo ND, Wakefield D. The pathogenesis of pterygia. Curr 
Opin Ophthalmol 1999;10:282–8.

14. Deitch RD, Wilson FM II. Management of pterygia. Principles and practice of 
ophthalmic plastic and reconstructive surgery. Bosniak S 1996;6:208–20.

15. Dunn JP, Seamone CD, Ostler HB, et al. Development of scleral ulceration 
and calcification after pterygium excision and mitomycin therapy. Am J 
Ophthalmol 1991;112:343–4.

16. Dushku N, Molykutty KJ, Schultz GS, et al. Pterygia pathogenesis: corneal 
invasion by matrix metalloproteinase expressing altered limbal epithelial 
basal cells. Arch Ophthalmol 2001;119:695–706.

17. Errais K, Bouden J, Mili-Boussen I, et al. Effect of pterygium surgery on 
corneal topography. Eur J Ophthalmol 2008;18:177–81.

18. Fujitani A, Hayasaka S, Shibuya Y, et al. Corneoscleral ulceration and cor-
neal perforation after pterygium excision and topical mitomycin C therapy. 
Ophthalmologica 1993;207:162–4.

19. Hayasaka S, Noda S, Yamamoto Y, et al. Postoperative instillation of 
low-dose mitomycin C in the treatment of primary pterygium. Am J Oph-
thalmol 1988;106:715–8.

20. Heyd R, Seegenschmiedt MH, Strassmann G, et al., German Cooperative Group 
on Radiotherapy for Benign Diseases (GCG). Radiotherapy for Graves’ orbi-
topathy: results of a national survey. Strahlenther Onkol 2003;179:372–6.

21. Hilgers JH. Strontium-90, beta irradiation, cataractogenicity and pterygi-
um recurrence. Arch Ophthalmol 1976;81:891.

22. Hirst LW. The treatment of pterygium. Surv Ophthalmol 2003;48:145–80.
23. Hirst LW. Prospective study of primary pterygium surgery using pterygium 

extended removal followed by extended conjunctival transplantation. Oph-
thalmology 2008;115:1663–72. 

24. Kampitak K. The effect of pterygium on corneal astigmatism. J Med Assoc 
Thai 2003;86:16–23.

25. Kria L, Ohira A, Ameniya T. Immunohistochemical localization of basic 
fibroblast growth factor, platelet delivered growth factor, transforming 
growth factor-β, and tumor necrosis factor-α in pterygia. Acta Histochem 
1996;98:195–201.

26. Leccisotti A. Corneal topographic changes in a case of limbal conjunctival 
carcinoma. Cornea 2005;24:1021–3.

27. Meineke V, Uebler C, Kohn FM, et al. Radiotherapy in benign diseases: 
Morbus Peyronie. Strahlenther Onkol 2003;179:181–6.

28. Mohammad-Salih P, Sharif A. Analysis of pterygium size and induced cor-
neal astigmatism. Cornea 2008;27:434–8. 

29. Morlet N, Minassian D, Dart J. Astigmatism and the analysis of its surgical 
correction. Br J Ophthalmol 2001;85:1127–38.

30. Nowell JF. Management of pterygia 20 years later. South Med J 1986;79:
1382–4.

31. Oner FH, Kaderli B, Durak I, et al. Analysis of the pterygium size inducing 
marked refractive astigmatism. Eur J Ophthalmol 2000;10:212–4.

32. Pajic B, Pallas A, Aebersold D, et al. Prospective study on exclusive, non-
surgical strontium-/yttrium-90 irradiation of pterygia. Strahlenther Onkol 
2004;180:510–6.

33. Panda A, Das GK, Tuli SW, et al. Randomized trial of intraoperative mitomy-
cin-C in surgery for pterygium. Am J Ophthalmol 1998;125:59–63. 

34. Paryani SB, Scott WP, Wells JW. Management of pterygium with surgery and 
radiation therapy. Int J Radiat Oncol Biol Phys 1994;28:101–3.

35. Pavilack MA, Halpern BL. Corneal topographic changes induced by pterygia. 
J Refract Surg 1995;11:92–5.

36. Rödel F, Hofmann D, Auer J, et al. The anti-inflammatory effect of low-dose 
radiation therapy involves a diminished CCL20 chemokine expression and 
granulocyte/endothelial cell adhesion. Strahlenther Onkol 2008;184:41–7.

37. Rödel F, Kamprad F, Sauer R, et al. Functional and molecular aspects of 
anti-inflammatory effects of low dose radiotherapy. Strahlenther Onkol 
2002;178:1–9.

38. Rodriguez JA, Ferrari C, Hernández GA. Intraoperative application of topi-
cal mitomycin C 0.05% for pterygium surgery. Bol Asoc Med P R 2004;96: 
100–2.

39. Rubinfeld RS, Pfister RR, Stein RM. Serious complications of topical mito-
mycin C after pterygium surgery. Ophthalmology 1992;99:1647–54.

40. Schäfer C, Koller C. Ethical and legal reasons why radiation treatment should 
be preapproved by informed consent. Strahlenther Onkol 2008;184:429–30.

41. Seitz B, Gütay A, Küchle M, et al. Impact of pterygium size on corneal 
topography and visual acuity. A prospective clinical cross sectional study. 
Klin Monatsbl Augenheilkd 2001;218:609–15.

42. Soriano JM, Janknecht P, Witschel H. Einfluß der Pterygiumoperation auf 
den präoperativen Astigmatismus. Ophthalmol 1993;90:688–90. 

43. Tarr KH, Constable IJ. Late complications in pterygium treatment. Br J 
Ophthalmol 1980;64:496–505.

44. Taylor HR. Etiology of climatic droplet keratopathy and pterygium. Br J 
Ophthalmol 1980;64:154–63.

45. Tetsushi N, Watanabe I, Murakami A, et al. Expression of stem cell factor in 
pterygia. Jpn J Ophthalmol 2000;44:193–7.

46. Tomidokoro A, Oshika T, Amaro S, et al. Quantitative analysis of regular and 
irregular astigmatism induced by pterygium. Cornea 1999;18:412–5. 

47. Trott KR, Kamprad F. Estimation of cancer risks from radiotherapy of benign 
diseases. Strahlenther Onkol 2006;182:431–6.

48. Van den Brenk HA. Results of prophylactic postoperative radiation in 1300 
cases of pterygium. AJR 1968;103:723–33.

49. Viani GA, Stefano EJ, De Fendi LI, et al. Long-term results and prognostic 
factors of fractionated strontium-90 eye applicator for pterygium. Int J 
Radiat Oncol Biol Phys 2008;72:1174–9.

50. Willner J, Flentje M, Lieb W. Soft X-ray therapy of recurrent pterygium – an 
alternative to 90-Sr eye applicators. Strahlenther Onkol 2001;177:404–9.

51. Wu HK. Astigmatism and LASIK. Curr Opin Ophthalmol 2002;13:250–5.

Address for Correspondence
Iraklis Vastardis, MD
Ophthalmology Clinic Pallas 
Louis-Giroud-Straße 20
4600 Olten
Switzerland
Phone (+41/62) 286-6200, Fax -6231 
e-mail: vastardis.iraklis@gmail.com

Strahlenther Onkol 2009 · No. 12



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


