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Radiation cataract: Clinicopathologic report
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We report the case of a 52-year-old woman who developed bilateral anterior and posterior subcapsular cataracts with anterior capsule fibrosis 12 years after exposure to intensive radiation
therapy. The woman had uneventful cataract surgery and gained 20/20 corrected distance visual
acuity in both eyes. Hematoxylin–eosin staining of the anterior capsule revealed significant
subcapsular scar formation in the context of fibroblast proliferation.
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Cataract is the leading preventable cause of blindness
worldwide.1 The lens of the eye is one of the most radiosensitive tissues in the human body. Radiation-induced
cataract was reported in an experimental animal within
1 year of Roentgen’s discovery of x-rays.2,3
Cataract can be classified by anatomic location
as nuclear, cortical, posterior subcapsular, or mixed.
However, the main ocular complication related to
irradiation is posterior subcapsular cataract. The lens
opacification is thought to be started by radiation
damage to the lens epithelium around the equator,
with DNA damage to the nucleus resulting in abnormal differentiation of the elongating fibers and migration into the posterior subcapsular area.4 The latency
perioddtime between irradiation and the appearance
of lens opacitiesdvaries. Radiation-induced cataracts
develop with greatest frequency 6 months to 1 year after injury; however, late-onset cataracts can be caused
by ionizing radiation up to 35 years after exposure.5
We report a case of bilateral radiation cataract with
anterior subcapsular fibrosis as a rare manifestation of
irradiation cataract. We also report the histopathologic
evaluation of the anterior capsule, showing the thickening associated with intense fibroblast proliferation.
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CASE REPORT
A 52-year-old woman with a history of radiotherapy for a jaw
tumor was referred to Farabi Hospital, Tehran, Iran. She had
a history of progressive painless loss of vision in both eyes
starting 10 years previously. Approximately 12 years earlier,
she received 10 sessions of x-ray radiation with a total dose of
5 Gy to manage the tumor. On presentation, the uncorrected
distance visual acuity (UDVA) was 20/400 in the right eye
and 20/160 in the left eye. The slitlamp examination revealed
anterior and posterior subcapsular opacities in both eyes,
with extensive opacification in the right eye compared with
the left eye (Figures 1 and 2). Intraocular pressure (IOP)
was 16 mm Hg in both eyes. Other examination of the anterior and posterior segments were unremarkable.
Cataract extraction (sutureless clear corneal phacoemulsification) with intraocular lens implantation was performed sequentially under topical anesthesia in the right and left eyes
within a 2-week interval. The procedures were uneventful.
During surgery, the anterior capsulorhexis was performed
first with a bent 27-gauge needle and then continued with
a capsule forceps. The anterior capsulorhexis tissue obtained
during surgery was sent for histopathological evaluation.
One week postoperatively, the UDVA increased to 20/20 in
both eyes. The cornea was clear, the anterior chamber was
deep, and a good red reflex was noted (Figure 3). The retinal
examination was unremarkable, and the IOP was 12 mm Hg.

Histopathologic Examination
Hematoxylin–eosin staining of the anterior capsules with
a magnification of 100 revealed significant thickening of
the capsules in the context of subcapsular scar formation
consisting of intense fibroblast proliferation (Figure 4).

DISCUSSION
Cataracts induced by ionizing radiation (eg, x-rays
and gamma rays) are usually observed in the posterior
region of the lens, often in the form of a posterior
subcapsular cataract. Increasing the dose of ionizing
radiation causes increasing opacification of the lens,
which appears after a decreasing latency period.
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Figure 1. Slitlamp biomicroscopy showing an anterior subcapsular
cataract following radiation hazard.

Figure 2. Retroillumination on slitlamp biomicroscopy showing an
anterior subcapsular cataract following radiation hazard.

Cataractogenesis induced by ionizing radiation is
associated with damage to the lens cell membrane. Another possible mechanism is damage to lens cell DNA,
with a decrease in the production of protective enzymes and in sulfur–sulfur bond formation, and
altered protein concentrations.6
The lens is recognized as one of the most radiosensitive tissues in the human body, and it is known that
cataracts can be induced by acute doses of less than
2 Gy of ionizing radiation and less than 5 Gy of
protracted radiation. Although much work has been
carried out in this area, the exact mechanisms of radiation cataractogenesis are not fully understood. In
particular, the question of the threshold dose for
cataract development has not been determined. Cataracts have been classified as a deterministic effect of
radiation exposure with a threshold of approximately
2 Gy. Some studies indicate that the threshold
for cataract development is less than previously
estimated, on the order of 0.5 Gy, or that radiation

cataractogenesis may be more accurately described by
a linear, no-threshold model. The International Commission on Radiological Protection published threshold
values for detectable opacities of 5 Sv for chronic exposure and 0.5 to 2.0 Sv for acute exposure. This was also
supported by the United States National Council on
Radiation Protection and Measurements, which published reported threshold values for visually disabling
cataracts of 2 to 10 Sv for single brief exposures and of
more than 8 Sv for protracted exposures.3–7
Damage to DNA has also been described in the human cataractous lens epithelium, and oxidative stress
generated by all kinds of radiation and endogenous
metabolic processes has been suggested as playing
a significant role in the pathogenesis of cataract. Single
and fractionated doses of gamma radiation induced
lens crystallin changes that might lead to the development of cataract due to induction of crosslinking and
aggregation. The bH-crystallin was the most stable
against radiation-induced damage, and the molecular

Figure 3. Slitlamp biomicroscopy showing the anterior segment
view on the first postoperative day.

Figure 4. Histopathological evaluation showing significant subcapsular scar formation consisting of fibroblast proliferation and
hyaloid production over the basement membrane of the anterior
capsule following radiation cataract.
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weight of gamma crystallin was the most sensitive to
gamma radiation.7
Significant exposure to radiation always causes posterior subcapsular cataracts5; however, no evidence
has demonstated an anterior subcapsular cataract subsequent to radiation injury. It is also noteworthy that
capsulorhexis in cases with severely fibrotic anterior
capsule is very difficult and requires more time, skill,
and attention to perform.8
One study evaluated the long-term histological
development of radiation-induced ocular injury secondary to megavoltage radiotherapy for naturally
occurring tumors in animals. 6 In humans, the latency
period for clinical detection of radiation-induced cataracts varies from 6 months to 35 years, with an average
period of 2 to 4 years.9 The time from the start of cataract formation to the time of diagnosis is also variable
and depends on the rate of cataract progression, type
and localization of the cataract, and personal needs
for clear vision. Therefore, the exact time of development of a cataract following ionizing radiation cannot
be determined. In our case, the surgery was performed
12 years after radiation therapy; however, there had
been no ocular examination within this period to indicate the exact date of cataract formation.
The pathogenesis of radiation cataracts is thought to
be deformation of heat-labile enzymes, for example
glutathione peroxide, that ordinarily protect lens cell
proteins and membrane lipids from oxidative impairment. Oxidation of protein sulfhydryl groups and the
development of high molecular weight aggregates
cause variations in the orderly structure of cells.
A complementary pathophysiologic mechanism is
thermoelastic expansion through which pressure
waves in the aqueous humor cause direct physical
damage to the lens cells. Cataracts induced by radiation (eg, x-rays and gamma rays) are usually localized
in the posterior territory of the lens, often in the form of
a posterior subcapsular cataract,10 although in our
case radiation cataract presented in a mixed mode in
the anterior and posterior parts of the lens and also
manifested as fibrosis of the anterior capsule.
Thyroid-related immune orbitopathy is an important indication of radiotherapy that may cause cataracts
sometimes associated with glaucoma.11 However,
our patient did not mention any relevant history.
Significant postoperative inflammation is usually
present in cases with cataract in the context of prior
uveitis or trauma.12,13 However, the uneventful postoperative course in our patient suggests that cataract
formation after radiation exposure may not be associated with significant inflammation.
We previously reported a case with bilateral
electric cataracts with anterior capsule fibrosis on
histological examinations and presumed that severe
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anterior capsule fibrosis might cause nutrition defects and subsequent cataracts.12 This presumption
seems logical in this case with ionizing radiation
cataract.14,15
In our case, the postoperative visual rehabilitation
in both eyes was good. It suggests that the surgical
results and visual rehabilitation after cataract surgery in patients with radiation cataract without
other ocular damage is favorable. We concluded
that the cataracts seen in the present study were
a late complication of radiation cataract with the
rare manifestation of fibrosis of the subanterior
capsule.
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