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Abstract 

Radiation therapy is the treatment based on ionizing radiation in order to kill cancer cells and reduce tumors, but it 
presents different adverse reactions at the place of exposure, in case of having received radiotherapy at the ocular level, 
the different ones will be affected structures, including the lens, this is an organ very sensitive to radiation, so it develops 
cataracts or opacities, the appearance of these opacities depends on the dose of RT administered, the area where the 
therapy is received, the scheme with which it is supplied, and other factors dependent on the patient. 
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1. Introduction

Currently there are many artifacts that have improved the quality of life of the population, just as in the field of health 
there have been many advances that improve life expectancy, diseases that were previously considered fatal, among 
them we can find the cancer that due to the invention of chemotherapy and radiotherapy today have a better prognosis 
[1]. 

Radiotherapy is a clinical specialty in charge of treatment based on ionizing radiation in order to destroy cancer cells 
and reduce tumors, being used for the first time for therapeutic purposes in 1899, they weaken the individual and 
secondary effects may appear at the ocular level or other systems [2]. 

In recent decades alterations at the ocular level have been documented, especially lens opacities in populations exposed 
to doses of ionizing radiation in this group, we can find in patients who have undergone CT tests, Radiological 
Technicians and Doctors, patients undergoing Radiotherapy, people exposed atomic bombs or nuclear accidents, 
astronauts. These documented opacities refer to an entity called cataracts [3]. 
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2. Methodology 

This is a study aimed at a narrative review, it was carried out through the selection of original articles, a review of 
available research, written in English and / or Spanish, through recognized databases such as PubMed, scielo, science 
direct, Wiley, plos one. Regardless of its year of publication, using the search terms cataracts, crystalline, radiation, 
radiotherapy. No search criteria were established for a defined language; however, all articles containing the 
corresponding information and of great importance for conducting our review were selected.  

3. Results  

The lens is a biconvex and transparent structure, located in the posterior chamber of the eye, posterior to the iris, it is 
held by the ciliary body by the zonule. It is made up of enucleated cells and elongated fibers organized in concentric 
layers surrounded by a thin and transparent capsule, where exchanges are carried out by diffusion (Figure 1). [7-16] 
This structure performs relevant functions for ocular dynamics, it provides convergence power to the eye, to focus 
images on the macula, another of its functions is due to its bulging character when it is not stressed by the zonule, which 
gives way to the phenomenon of accommodation. The lens is a very sensitive organ and presents pathological 
alterations, among which we can highlight cataracts [4]. 

 

Figure 1 Slit lamp photomicrograph and lens structure diagram. (A) Slit lamp photomicrograph of the eye after 
mydriasis. The biconvex shape of the lens is clearly visible. (B) The diagram of the sectional view of the square part in 

Panel A. (C) The cellular structure of the lens  

Cataract is a partial or total clouding of one or more layers of the lens, which can cause reduced visual acuity and visual 
disturbances when it reaches a greater compromise. This pathology presents a clinical picture characterized by multiple 
functional signs and symptoms, which will vary depending on the location and density of the opacities [5]. 

The most classic warning sign is the deterioration of visual acuity, generally it develops slowly and progressively, 
particularly affecting distant vision, it is usual to find the patient manifesting a sensation of visual fog or veil. There are 
other symptoms such as photophobia that is defined as an exaggerated susceptibility to light, either during night driving 
of vehicles, the perception of light halos with a sensation of dazzling, generally in sunlight or while driving, myopia 
which is associated with an alteration of the refractive index of the affected lens [6]. 

In the different literatures it is described that there are predisposing factors to develop cataracts, such as age, exposure 
to sunlight, radiation exposures, alcohol and nicotine consumption, metabolic diseases such as diabetes and use of 
corticosteroids [7]. The etiology of lens opacities is not fully understood, it has been mentioned that it may be 
multifactorial. Among the different origins we find congenital, senile, metabolic, toxic cataracts, due to trauma, it has 
also been established that exposure to ionizing radiation is a cause [8]. 
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Cataracts, as adverse effects of radiotherapy (RT), are justified as a lesion caused by RT in the epithelial cells of the germ 
zone of the lens, causing cell death accompanied by compensatory mitosis and cells with opacity in the posterior capsule, 
due to the location of the chlorine channels found in the epithelial cell membrane, therefore the mechanism of action is 
completely modified (Figure 2) [9]. 

 

Figure 2 Mechanism of injury of the crystalline 

The incidence of cataracts is 40 and 50% of patients undergoing radiation treatment, it is generally associated with the 
portion of the lens that received radiation, even opacities develop when less than a quarter of said structure is 
irradiated, on the other hand establish incidence based on volume is complex because it is a very small structure, apart 
from ocular RT they are focused and very precise [10]. the severity of radiation-induced cataracts will depend on the 
dose delivered and its time onset is inversely proportional, that is, the higher the dose, the shorter the onset time [11]. 
The minimum tolerance dose (TD 5/5) is 10 GY, which indicates that the organ has a 5% probability of developing the 
disease and the maximum tolerance dose (TD 50/5) is of 18 Gy, this structure has a 50% probability of developing 
cataracts 5 years after RT [12]. Radiation dose fractionation plays an important role because it reduces the probability 
and delays the appearance of lens opacity [13,14]. 

The diagnosis of cataract is mainly clinical, an exhaustive physical examination should be done in patients with 
suspected cataracts, the physical examination begins with the evaluation of visual acuity, which may be impaired, and 
upon examination the pupils will be normoreactive, preserving both to photomotor stimulation as consensual [14]. A 
biomicroscopic examination should also be performed, which aims to determine the location and intensity of the 
opacification [15]. 

The management of cataracts is purely surgical because there is no pharmacological treatment for this, the standard 
treatment is the surgical extraction of the opacified lens and the implantation of an artificial intraocular lens (IOL) [16]. 

4. Discussion 

The use of radiotherapy in the management of cancer raises concern for the medical community, due to the need to 
avoid the development of complications in healthy irradiated structures. The appearance of these can be early or late, 
depending on the dose. A study was carried out that followed up 40 patients in the context of a direct anterior beam 
orbital lymphoma, which showed the incidence of cataracts secondary to radiation depending on the doses (20-40 g 
and in 2 g fractions), the appearance of said disease occurred between three and nine years after RT, they also 
documented that in doses lower than 5 Gy, no opacity was observed, on the contrary, in patients who were administered 
doses greater than 16.5 Gy developed opacities. Other documents determined that the fractionation of the dose plays a 
key role in reducing the risk of cataracts, all this based on a study carried out on 277 people, where it was highlighted 
that 70% of the patients who did not divide the dose developed the disease, Compared with the patients who had the 
dose divided, only 18% had opacities. 

5. Conclusion 

Radiotherapy in recent years has positioned itself as one of the treatments of choice in neoplastic pathologies, due to its 
effectiveness. On the other hand, there is the fact that exposure to ionizing radiation triggers complications in many 
structures, being the case of the lens, which is a very sensitive organ to RT, since it develops long-term side effects which 
threaten vision, The most frequent alterations in said lens are opacities or cataracts, which causes a decrease in visual 
acuity. 
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The development of cataracts will depend on many factors such as age, metabolic diseases, uncontrolled exposure to 
ultraviolet rays, there are also factors inherent to the treatment such as the radiation dose, whether it is fractional or 
not, the percentage of the structure that irradiated. , among others. 

Today there have been relevant advances and the application of protocols that aim to increase the percentage of patients 
treated successfully and at the same time reduce the risk of complications, however, it is recommended that after RT a 
strict follow-up with ophthalmology is carried out. 

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare no conflicts of interest. 

References 

[1] María Camila Henao-Solarte, Pablo Arango-Guerra, Santiago Gómez-Maya, Elsa María Vásquez-Trespalacios. 
Cataracts and exposure to ionizing radiation in interventional cardiology personnel. Rev Asoc Esp Med Trab. 
2017; 26(4): 220–294. 

[2] Alvaro Boria Alegre, Luis Sopena Sanz. Cataract formation secondary to ionizing radiation. Legal regulations and 
protection measures. Electronic Medical Portals. 2020; 15(11). 

[3] Takeda A, Shigematsu N, Suzuki S, Fujii M, Kawata T, Kawaguchi O, Uno T, Takano H, Kubo A, Ito H. Late retinal 
complications of radiation therapy for nasal and paranasal malignancies: relationship between irradiated-dose 
area and severity. International Journal of Radiation Oncology*Biology*Physics. 1999; 44(3): 599–605.  

[4] Touhami S, Bodaghi B. Cataracts. EMC - Treatise on Medicine. 2018; 22(4): 1–9. 

[5] Gomez Bastar PA, Lansingh VC, Penniecook-Sawyers JA, Celis Suazo B, Martínez Castro F, Batlle JF, López Star 
EM. Cataract remains the leading cause of blindness in emerging economies, including Mexico. Mexican Journal 
of Ophthalmology. 2014; 88(4): 208–209. 

[6] Macfaul PA, Bedford MA. Ocular complications after therapeutic irradiation. British Journal of Ophthalmology. 
1970; 54(4): 237–247.  

[7] Juan José Mura C. Current cataract surgery. Clinical Medical Journal Las Condes. 2010; 21(6): 912–919. 

[8] Velásquez-Aguilar M, Matiz-Moreno H, Amato-Almanza M, Chen-López C, Márquez-García G, Ramírez-Ortiz M. 
Phacoemulsification in patients with retinoblastoma and cataract due to radiotherapy: results and complications. 
Archives of the Spanish Society of Ophthalmology. 2017; 92(4): 160–165. 

[9] Jeganathan VSE, Wirth A, MacManus MP. Ocular Risks from Orbital and Periorbital Radiation Therapy: A Critical 
Review. International Journal of Radiation Oncology*Biology*Physics. 2011; 79(3): 650–659. 

[10]  Yanet Garcia Concha, Henry Pérez González, Mirta Caridad Campo Díaz. Bilateral cataract due to ionizing 
radiation in a patient with acute myeloid leukemia. Rev. Medical Sciences of Pinar Del Río. 2016; 20(6): 765–768. 

[11] Pelayo BDC. External radiotherapy: what the general practitioner should know. Clinical Medical Journal Las 
Condes. 2013; 24(4): 705–715. 

[12] Dr. María Esperanza González Calzadilla, I Dr. María Cristina Céspedes Quevedo, I Dr. Isell González Calzadilla, II 
Dr. María Cristina Infante Carbonell IY Dr. Ana Margarita Vinent Céspedes I. Adverse reactions to radiation 
treatment in the elderly with cancer. MEDIAN. 2015; 19(1): 18. 

[13] Virgilio Galvis Ramírez, MD* ¶ Alejandro Tello Hernández, MD* Néstor Carreño Jaimes, MD*. The lens for the 
general practitioner. MED UNAB. 2008; 11(3). 

[14]  Ainsbury E, Bouffler S, Dörr W, Graw J, Muirhead CR, Edwards A, and Cooper J. Radiation cataractogenesis: a 
review of recent studies. Radiation research. 2009; 172(1): 1-9. 

[15] Hernández C, Duran A, Cortes MC. Eye injuries and ionizing radiation. Colombian Journal of Cardiology. 2020; 27: 
72–78. 

[16] Azizova TV, Bragin EV, Hamada N, Bannikova MV. Risk of Cataract Incidence in a Cohort of Mayak PA Workers 
after Chronic Occupational Radiation Exposure. PLoS ONE. 2016; 11(10): e0164357. 


