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Comparative efficacy of β-irradiation and 
mitomycin-C in primary and recurrent pterygium

INTRODUCTION

Pterygia are fibrovascular overgrowths of the bul-
bar conjunctiva onto the cornea. They are usually tri-
angular and horizontally oriented on the nasal side.
Invasion of the cornea by degenerative and hyper-
plastic conjunctival tissue is usually asymptomatic and
accepted as benign, but loss of visual acuity due to
induced astigmatism or growth across the visual axis,
cosmetic blemish and threat to the corneal metabo-
lism due to tear film abnormalities and formation of

surface irregularities can make surgical removal nec-
essary (1-4).

In spite of advances in surgical techniques, instru-
ments and microsurgery, there is still no single treat-
ment modality that can prevent or lower the recur-
rence rate. Many different adjunctive treatment
modalities such as thio-tepa, thermal cautery, argon
laser application and conjunctival auto-grafting are
reported, with different levels of success in lowering
recurrence rates (1, 5-14).

Sr-90 is used as a source of beta irradiation that 

PURPOSE. To determine the efficacy and safety of mitomycin-C as adjunctive treatment and
to compare this drug with beta irradiation with strontium-90 after surgical excision of pri-
mary and recurrent pterygia.
MATERIALS AND METHODS. The study group consisted of 193 patients with primary and re-
current pterygia who underwent surgical excision with the bare sclera technique. They were
divided into two groups according to the type of adjunctive treatment. In group I, 130 pa-
tients (141 eyes, 67.8%) were treated with beta irradiation with Sr-90 doses of 1000-7000
cGy. In group II 63 patients (67 eyes, 32.2%) received topical mitomycin-C at a concen-
tration of 0.02% four times daily for one week postoperatively. Recurrence rates, compli-
cations and efficacy of these treatments were compared with the chi-square of Fisher’s 
exact test.
RESULTS. The recurrence rates were 6.4% in group I after a mean postoperative follow-up
of 89 months and 17.9% in group II after a mean follow-up of 14.9 months. Recurrence
rates and complications were higher in group II and the difference was significant (p<0.05,
p<0.001). Life-table analysis showed a success rate of 93.6% for Sr-90 and 81.9% for the
mitomycin-C, the difference being significant (p<0.005).
CONCLUSIONS. Beta irradiation with Sr-90 after surgical excision was more effective than top-
ical mitomycin-C in patients with primary and recurrent pterygium in terms of recurrence
rates, and safer in terms of complications. (Eur J Ophthalmol 2001; 11: 126-32)
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inhibits mitosis in rapidly proliferating endothelial
cells. It also prevents fibroblast migration by causing
obliterative endarteritis in newly formed vessels. It is
more effective on immature, rapidly proliferating tis-
sues and no effect is seen on the surrounding normal
tissues. The aim of beta irradiation after surgical ex-
cision of pterygium is to inhibit new vessel formation
and fibroblastic activity without causing complications
such as cataract, scleral atrophy and telengiectasia,
and 2400-3000 cGy is usually adequate for this pur-
pose. The irradiated zone is believed to act as a fibrous
barrier which inhibits the regrowth of pterygium (15).

Mitomycin-C (MMC) is an antibiotic used as an an-
ti-neoplastic agent. It is an alkylating agent and se-
lectively inhibits the synthesis of DNA, cellular RNA
and protein. It is a potent inhibitor of fibroblast pro-
liferation and its topical or intraoperative application
can lower the recurrence rate of pterygium (13, 14).

In order to verify the efficacy of different treatment
modalities in primary and recurrent pterygium, we de-
signed a study to compare beta irradiation (strontium-
90) and mmc drops after surgical excision with the
bare sclera technique.

MATERIALS

The study group consisted of 208 eyes of 193 pa-
tients with primary and recurrent pterygia. Patients
without previous surgery were accepted as primary
cases and patients with previous surgery, regardless
of the time elapsed, were considered recurrent cas-
es. Outpatients with primary and recurrent pterygium
were divided into two treatment groups. Every pa-
tient had a thorough ophthalmological examination.
Inclusion criteria were: 2 mm or more invasion of the
cornea, primary or recurrent pterygia with active growth,
symptomatic, and older than 18 years. Patients with
asymptomatic or atrophic primary pterygia were 
excluded.

METHODS

The bare sclera technique with microscope was the
procedure in all cases. Local anesthesia was induced
with oxybuprocaine HCl, with an additional subcon-
junctival injection of 2% lidocaine into the body of

the pterygium with a 25-gauge needle. The pterygium
was dissected from the cornea with a surgical blade
and the body was excised. Adjacent Tenon’s capsule
was also dissected towards he medial rectus muscle
and excised. Conjunctival sutures were placed when-
ever needed, leaving 4 mm bare sclera from the lim-
bus. Antibiotic drops were prescribed during the first
postoperative week and steroid drops (1% prednisolone
acetate, qid) and artificial tear drops during the fol-
lowing month. The sutures were removed within 7 days
after surgery.

After surgery, patients were divided into two groups
for different further treatment modalities. 

Group I: In the immediate postoperative period 
beta irradiation (Sr-90) was applied in doses between
1000 and 7000 cGy on the bare sclera (Tab. I). Pa-
tients who had had Sr-90 treatment earlier were in-
vited by mail to participate in the study. They were
screened and those meeting the inlcusion criteria (n=65)
were included in the study so as to increase the num-
ber of patients in this group.

The same device (Beta therapy source 67-850, Nu-
clear Association Inc, Carle Place NY) was used for
all treatments. The active source diameter of the probe
was 7 mm and it was mounted on a metal rod. The
surface dose rate given by the manufacturer in units
of 120 cGy/sec ± 25% was used to calculate the treat-
ment time and dosage. Doses below 3000 cGy were
applied in one session and the Sr-90 device probe
was applied on a single scleral site. Doses over 3000
cGy were fractionated and given every other day; the
total dose was divided into two or three fractions and
applied on two or three adjacent areas on the bare
sclera adjacent to the limbus. In patients who had al-
ready had this treatment the dosage information in
the records was considered. Eye patches were re-

TABLE I - DOSES OF STRONTIUM-90 IN 130 PATIENTS
WITH PTERYGIUM

Total strontium (cGy) No. of eyes

1000-2000 14
2100-3000 110
3100-4000 5
4100-5000 6
5100-7000 6

Total 141
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moved on the first postoperative day and visits were
scheduled on the tenth day, first, second, third and
sixth months and at the end of the first year. At every
office visit, visual acuity (uncorrected and corrected)
and intraocular pressure were measured and slit-lamp
examination done. Fluorescein staining of the cornea
was evaluated as well as scleral thinning, evidence
of necrosis and lens opacities.

Group II: In the second group of patients, MMC eye
drops (0.02%) were given four times a day after sur-
gical removal of the pterygium, depending on corneal
healing. The eye drops were prepared by the same
physician by diluting 2 mg MMC with 0.9% NaCl so-
lution and given to the patient in an ophthalmic dis-
penser. These drops were not used for more than one
week. Patients were asked to remove the patch the
day after surgery and to instill one drop of medica-
tion every six hours, four times a day for one week.
If corneal fluorescein staining was greater than 2x2
mm, the patient was seen every day and MMC drops
were started when corneal healing was complete. Pa-
tients were seen again after using the drops for a week.
At every follow-up visit the cornea was examined with
fluorescein staining and the wound healing pattern at
the surgical area, scleral thinning and necrosis were
assessed.

Formation of a wing-shaped fibrovascular tissue at
the position of a previously excised pterygium with
the apex crossing the limbus more than 0.5 mm, ex-
tending onto the cornea, was considered a recurrence.

Success rates were calculated by the chisquare test
and life-table analysis was used to calculate the sur-
vival curve by the Kaplan Meier method. The differ-
ence between survival curves was tested by the log
rank test. Fisher’s exact test was used to analyze dif-
ferences in complications between groups.

RESULTS

We included 208 eyes (193 patients) with pterygium.
Group I consisted of 141 eyes (67.8%) treated with
Sr-90 and group II consisted of 67 eyes (32.2%) treated
with mmc drops. Mean age, sex, mean follow-up time
and the types of pterygia in both groups are shown
in Table II.

Of 141 eyes treated with Sr-90 in group I, recur-
rence was seen in 9 cases (6.4%). Recurrences were

TABLE II - SEX, MEAN AGE, MEAN FOLLOW-UP TIME
AND TYPE OF PTERYGIA IN 193 PATIENTS
TREATED WITH Sr-90 (GROUP I) OR MMC
(GROUP II)

Group I (Sr-90) Group II (MMC)

Patients
Mean age (range) 42.78 42.48 

years (20-80) years (18-74)
Female 49 (37.7%) 35 (55.6%)
Male 81 (62.3%) 28 (44.4%)

Total 130 63

Pterygium
Primary 62 (44%) 55 (82.1%)
Recurrent 79 (56%) 12 (17.9%)

Total 141 eyes 67 eyes

Follow-up (months) 89 (7-144) 14.9 (3-30)

TABLE III - RECURRENCES IN 208 EYES WITH PTERY-
GIUM

Recurrence rates

Group I (Sr-90) Group II (MMC)

Primary 4/62 (6.5%) 10/55 (18.2%)
Recurrent 5/79 (6.3%) 2/12 (16.7%)

Total 9/141 (6.4%) 12/67 (17.9%)

TABLE IV - COMPLICATIONS IN 193 PATIENTS TREA-
TED WITH Sr-90 (GROUP I) OR MMC
(GROUP II)

Complications Number 
of patients

(%)

Group I Lens opacities 4 (2.8)
Scleral melting 3 (2.1)

Conjunctival scar formation 3 (2.1)
Granuloma formation 1 (0.7)

Iris prolapse 1 (0.7)

Group II Scleral melting 6 (8.9)
Punctate keratopathy 4 (5.9)
Purulent conjunctivitis 2 (2.9)
Corneal microabscess 1 (1.5)

Increased pigmentation 1 (1.5)
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mostly seen around 6 months, ranging between 2-12
months. Four of the cases were primary and 5 were
recurrent pterygia (Tab. III). There was no real differ-
ence between primary and recurrent cases in terms
of the effect of Sr-90 (χ2=0.1, p>0.05). There was 
also no significant difference in age, sex and location
of the lesions as the total number of recurrences was
low (p>0.05). Seven of the recurrent cases received
Sr-90 treatment below 3000 cGy and two had treat-
ment above 3000 cGy; however there was no differ-
ence between the doses of Sr-90 and recurrence rate
(p>0.05).

In terms of complications, almost all patients com-
plained about pain photophobia, tearing and foreign
body sensation after Sr-90 treatment in the first post-
operative week. In one case (0.7%) granuloma 
developed and was excised (Tab. IV). Desmatocele
and iris prolapse developed in one patient who had
had surgical excision four times previously, and scle-
rokeratoplasty was performed. Scleral melting was
seen in three cases after Sr-90 treatment, one of these
was primary and two were recurrent pterygia. Mean
time to scleral metling was 5.3 months (1, 5 and 12
months). There was no significant relationship between
the dosage of beta irradiation and scleral melting (2400,
3000 and 4000 cGy beta irradiation were applied in
these three cases) (p>0.05). In three of four recurrent
pterygia cases who had had Sr-90 treatment twice a
conjunctival scar developed, but no recurrence was
seen in these cases. Peripheral lens opacities were
seen in four eyes, two of them primary and two re-
current cases. After follow-up at 3 to 6 years none of
these cases had progression of the opacities and there
was no need for surgical treatment. The mean dose
of Sr-90 in the patients with lens opacities was 4750
cGy (3000-6500) and there was a significant relationship
between the development of opacity and the dose
(χ2=10.61, p<0.01).

Recurrences were seen in 12 cases in group II (Tab.
III). Ten were primary and two recurrent pterygia. Re-
currences were seen at about 15 days to 8 months,
with a mean 3.62 months. The effect of MMC on re-
currences did not differ in primary and recurrent cas-
es (p>0.05). There was no difference either between
the recurrences in relation to age or sex and the lo-
cation of pterygium.

Almost all patients treated with MMC complained
of burning and foreign body sensation, tearing and

photophobia during treatment (Tab. IV). Purulent con-
junctivitis was seen in two patients, who were treat-
ed with antibiotic drops and ointments. Four cases
had punctate keratopathy and were treated with an-
tibiotic drops. A corneal microabscess was seen in
one case, treated with fortified antibiotic drops. Heal-
ing was achieved in three weeks but the same eye
presented conjunctival irritation symtomps resistant
to treatment and was followed up with artificial tears
and steroid drops. Scleral melting was seen in six pa-
tients, five of them primary and one a recurrent case.
Conjunctival grafting was needed in one case and the
rest of them showed regression in 2-3 months. Dur-
ing this time, patients were seen at short intervals for
signs of infection and perforation. One patient had
pigmentation on the eyelid (Tab. IV).

Comparing  the recurrence rates in the two groups,
Sr-90 was found to be more effective in prevention
of recurrences (χ2=5.44, p<0.05). Kaplan Meier esti-
mates of local control for both groups are presented
in Figure 1. Life table analysis showed success rates
of 93.6% for Sr-90 and 81.9% for the MMC group and
the difference was significant with the log rank test
(log rank 7.84, p < 0.005). The success rate for Sr-90
was 93.5% for primary pterygia and 93.6% for re-
current cases. The difference was not significant (log
rank 0.00, p>0.1). In the MMC group, the success rates
were 82.3% for primary pterygium and 80% for 
recurrent pterygium – again not significant (log rank
0.02, p>0.5). When primary and recurrent pterygia were
compared, regardless of the adjunctive treatment, suc-
cess rates were 89% for primary pterygia and 92.1%

Fig. 1 - Kaplan Meier curve for groups I (Strontium-90) and II
(Mitomycin-C).
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for recurrent cases. This difference was again not sig-
nificant (log rank 0.88, p>0.5).

More complications were seen in group II, the dif-
ference being significant (χ2 6.37, p<0.01). Scleral melt-
ing was seen in both groups but with a higher rate in
the mmc group (2.1% in group I and 9.0% in group II);
however the difference was statistically insignificant.

DISCUSSION

Pterygium is a benign degenerative disease of the
conjunctiva. However, clinical progression is not pre-
dictable and after surgical excision there is a high re-
currence rate, ranging between 30 and 80% in dif-
ferent reports (13, 16, 17). Recurrence after surgical
removal was suggested to be due to accelerated fi-
broblast proliferation produced by surgical trauma (7).
Recurrent cases cause more complaints in patients
and treatment is harder. Even keratoplasty is need-
ed in some cases to deal with complications. Adjunctive
treatments such as Sr-90 and topical MMC can low-
er the recurrence rates.

Recurrences after Sr-90 were reported to be about
0-20% in different studies (6, 15, 18). We found 6.5%
recurrences in primary pterygia and 6.3% in recur-
rent cases. The recurrence rates in recurrent cases
after irradiation were reported as 33% by Hayasaka,
10.4% by Campbell and 28% by Dussenbery, and they
concluded that the rate was significantly higher in re-
current pterygia and Sr-90 was less effective in those
cases (19). On the other hand, Campbell found Sr-90
was as effective in recurrent pterygia as in primary
cases and suggested it should be the treatment of
choice after surgical excision (20). We found Sr-90
was as effective on recurrent cases as on primary ones.

There are different opinions about the application
technique, dose and timing of Sr-90 (21, 22). While
some researchers recommend a single dose, others
use fractionated treatment (6, 15, 23). However, there
is no significant difference in complications and re-
currence rates with single or fractionated doses of
Sr-90. Campbell et al reported a significant dose-re-
lated tendency to recurrence in patients given a sin-
gle dose of 1000-1500 cGy and recurrence was higher
in the lower dose group (20). A prospective study (23)
found that irradiation in the immediate postoperative
period, as a single dose of 2000 cGy to recurrent and

primary pterygia, was associated with a lower rate of
recurrence than irradiation four days postoperative-
ly. Another report suggested that starting beta irra-
diation 1-8 h postoperatively gave a higher local con-
trol rate than therapy started 16-24 h postoperative-
ly (15). On the other hand, Beyer found that delay in
starting treatment did not affect the recurrence rate
(6). Proliferation of fibroblasts and new vessels be-
gins immediately after surgery. Therefore for better
results Sr-90 should be applied as soon as possible
– even in the operating room right after excision.

Complications after beta irradiation vary in the dif-
ferent studies. Common complications are cataract,
scleral necrosis and endophthalmitis. Beyer, Wilder
and Levine reported no significant complications (6,
15, 24). However, MacKenzie found 13% scleroma-
lacia and 4.5% serious scleral ulceration (25). Mori-
arty reported 0.5% scleral necrosis and severe bac-
terial and fungal infection in 11 patients, even need-
ing keratoplasty. The latency between irradiation and
infection can be as long as 14 years (18). Complica-
tions of beta irradiation are more frequent in recur-
rent pterygia that has already been treated with 
Sr-90. Dussenbery reported a 28% complication rate
in the first trial of beta irradiation treatment and 80%
in re-irradiated patients (19).

In our study, three cases in the Sr-90 group (2.1%)
developed a conjunctival scar, three (2.1%) had scle-
ral melting and four (2.8%) had lens opacity compli-
cations. There were no recurrences among re-irradi-
ated cases. However, two of the three cases that de-
veloped a conjunctival scar had already been irradi-
ated. In the long term (7.5 years) no infection was ob-
served.

As another adjunctive treatment modality, MMC was
used initially at a concentration of 1 mg/ml; howev-
er, due to high rate of complications such as con-
junctival irritation, superficial keratitis and excessive
lacrimation, the concentration had to be reduced to
0.04, 0.02 or 0.01%. We used a concentration of 0.02%.
Recurrences after mitomycin-C were reported to range
between 0 and 16% (16, 26-28). We found a recur-
rence rate of 17.9%. Scleral ulceration, secondary glau-
coma, corneal perforation, iritis, cataract, infection,
scleral calcification and necrotizing scleritis have all
been reported, with different rates (13, 16, 29, 30). In
our study, scleral melting (9.0%), punctate keratopa-
thy (6.0%) and corneal microabscess (1.5%) were seen,
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but no loss in visual acuity or serious infections were
observed after an average 15 months’ follow-up. In-
traoperative mmc is an alternative to drops and mer-
its further controlled studies (31-33).

In conclusion, in this non-randomised partially ret-
rospective study, Sr-90 was more effective in the treat-
ment of primary and recurrent pterygia. In previous stud-
ies comparing these treatment modalities, Hayasaka
reported recurrence rates of 11% with MMC and 15%
with Sr-90. However, in our study Sr-90 was applied
in low doses and the follow-up with MMC was short
(34). In another study, Frucht-Perry found a 20% re-
currence rate after Sr-90 and 8% recurrence after MMC
but again the Sr-90 dose was low (27). In our study,
with a longer follow-up the recurrence rate in the Sr-
90 group was lower than with MMC and complications
were less frequent.

MMC must be used with caution in limited numbers
of patients because of the high complication rates. In
must not be used in Sjögren syndrome, keratoconjunctivitis
sicca or herpetic keratitis, where wound healing is de-
fective and difficult. The concentration should be 0.02%
or lower and treatment should last no longer than one
week. As MMC drops can be widely effective but can
cause more adverse effects on the cornea and palpe-

bral conjunctiva, extensive follow-up evaluations are
necessary. Patients should be warned of possible com-
plications and followed up at short intervals.

Further studies on intraoperative application of MMC
are needed, to lower recurrence and complication rates.
Considering the carcinogenic and radiomimetic ef-
fects of MMC its use should be decided after weigh-
ing up the pros and cons in every case. Instead of
drops an intraoperative single dose of MMC may be
the choice, especially in primary cases. Easy appli-
cation, high efficacy and reliability are the advantages
of Sr-90 and it should be given in 2400-3000 cGy dos-
es in the immediate postoperative period in order to
prevent recurrences and complications. Even though
the complications of Sr-90 are lower than with MMC,
possible, serious complications – even threatening vi-
sion – must be kept in mind.
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