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[bookmark: _Toc146638510]Abstract: 
Retinoblastoma is the most common intraocular malignancy in early childhood, and in its advanced stages, often necessitates monocular enucleation to preserve life. While enucleation effectively halts disease progression, it also leads to the loss of binocular vision, which can have far-reaching consequences on a child’s motor development, psychological adjustment, and overall quality of life. This narrative review explores the effects of monocular enucleation on quality of life, balance, depth perception, and daily functioning in paediatric patients. It highlights the psychosocial and educational challenges faced by these children and their families, including issues of self-esteem, social participation, and academic performance. The review synthesizes existing literature on rehabilitation strategies such as ocular prosthesis fitting, visual-motor therapy and psychological counselling. While quality of life outcomes varies, most studies suggest significant impacts, especially in physical and school domains. Importantly, the literature reveals a gap in dedicated studies assessing motor function outcomes post-enucleation. Early, multidisciplinary rehabilitation that addresses functional, emotional, and social aspects is essential to support long-term adaptation in these children. This review emphasizes the need for further research into targeted interventions to improve quality of life and motor functioning in paediatric retinoblastoma survivors.
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Introduction:
Retinoblastoma: Incidence and Classification
Retinoblastoma (RB) is an ocular malignancy most prevalent among paediatric population and can be life threatening if proper medical interventions are not being provided at the initial stages. 1-4Many studies have reported the incidence as 1 in 15,000 to 1 in 18,000 live births.5, 6 Most commonly diagnosed in children under 3 years of age. Initially the disease progression is asymptomatic with no significant ocular signs so tends to delay the diagnosis. As the disease progresses most commonly detected by family members and paediatricians when the tumour has significantly increased in size and leukocoria that is a white pupillary reflex is evident.7 The genetic mutation of both alleles of RB1 tumour suppressor gene related to retinoblastoma can be either familial or sporadic; the exact location of this mutation is at the chromosome 13q14.5
The worldwide distribution of retinoblastoma is different based on the socioeconomic status. In countries with high income e.g. The US and Europe it is diagnosed early with good prognosis. And countries with low to moderate income most commonly Africa the disease is diagnosed at later stages where it has become invasive and/or metastasized to extra ocular parts and requires systemic chemotherapy for saving the life of the patient with less importance to globe salvage and visual outcomes.2,4
The classification system for retinoblastoma has kept evolving with the introduction of new techniques for detection and treatment modalities. The Reese Ellsworth classification system which was used initially; not being used currently in clinical setting was based on response to external beam radiation.  Instead, for intraocular; the IIRC (International Intraocular Retinoblastoma Classification) and ICRB (International Classification of Retinoblastoma) systems are being used in clinical and research- based setup.1, 8
[bookmark: _Toc144817885]A comparative overview of classification systems is provided in Table 1
[bookmark: _Toc146638511]Retinoblastoma: Management and complications
Over the years treatment modalities for retinoblastoma have also evolved that along with being lifesaving for the patient given the chances of metastasis also consider globe salvage and visual outcomes. But the primary goal still remains reducing the risk of extra ocular spread.9, 10 Table enlists all the treatment options employed based on occurrence unilateral or bilateral retinoblastoma and also tumours of extraocular and/or orbital in nature.4, 8
After all it is of importance to note that each case is one of it’s a kind and requires tailored treatment approach but also this approach should be multidisciplinary in nature. With primary goal of saving life followed by secondary goals to reduce metastasis, pineoblastomas, saving the eye ball and preserving vision. 7, 11The selection of treatment approach is also influenced by at what stage the tumour was diagnosed, pattern of inheritance, socioeconomic and psychosocial background of the patient and also resource availability at the institutional level where the patient is seeking the treatment.4
[bookmark: _Toc146638512]A stage-wise treatment approach for retinoblastoma is illustrated in Figure 2, highlighting options such as Cryotherapy, Intra-arterial Chemotherapy, and Transpupillary Thermotherapy.
Unilateral retinoblastoma and Enucleation
Enucleation of the affected eye is considered specifically when unilateral retinoblastoma is diagnosed at very advanced stage with large tumours and/or extraocular spread with vitreous seeding, optic nerve encroachment, retinal detachment, involvement of uveal tissue and also when other globe saving therapies have failed.3
There are many studies that had discussed the adverse reactions faced by these children post enucleation. The problems varied from not just being ocular related that is in terms of their vision and few ocular complications but also psychosocial problems which impacted their overall quality of life.2
 Children treated for retinoblastoma with enucleation mostly rely on the use of ocular prosthesis for cosmetic rehabilitation. Complications post enucleation includes chemosis, infections, discharge, ptosis, conjunctival cyst, lagophthalmos, enophthalmos, symblepharon, displacement/friction of the implant and foreign body reaction.2,4 The most commonly faced complication with use of ocular prosthesis is giant papillary conjunctivitis managed with the help of antibiotic steroid ointments and generous use of ocular lubricants. On a larger picture these children are dealing with systemic challenges, ocular and visual concerns, aesthetic and cosmesis related problems, physical, psychosocial challenges which can greatly affect their quality of life.2, 4, 7
Very limited literature is available on the status of motor function in patients with retinoblastoma post enucleation left with monocular vision. Present literature suggests overall reduced quality of life and poor visual outcomes. Motor function can affect the daily activities of living, social engagement, academic performance as well,
A review article in the year 2022 by Shields et al is with reference to the above-mentioned challenges faced by the patients with retinoblastoma. It concluded that 16% of patients with solitary unilateral retinoblastoma had germline abnormalities, with younger children being more likely. Twenty-year globe salvage rates after intravenous chemotherapy were 96% (group A), 90% (groups B and C), 68% (group D), and 32% (group E). For 160 eyes, intravenous treatment resulted in 5-year globe salvage rates of 100% (group B), 80% (group C), 78% (group D), and 55% (group E). Depression (73%), anxiety (64%), and stress (100%) were among the psychological effects on parents, while patients had deficits in quality of life.3 
[bookmark: _Toc146638513][bookmark: _Toc146634963]Impact of monocular enucleation
Refer to Figure 2 for a quick glance of the key aspects of QOL that are commonly affected in individuals with monocular vision.
In typical situation a normal healthy individual with obtain visual stimulus from both eyes which gives a better understanding and comprehension of the visual environment and its content as compared to a person with monocular vision. The advantages of having seeing with two eyes and having composite picture created by visual processing at the level of the visual cortex is having binocular summation, with depth perception, binocular disparity and vergence which is not possible with monocular viewing.18
With monocular vision the reduced field of vision, along with depth perception and hindered stereopsis with no binocular disparity can in turn affect the mobility and orientation of the person with monocular vision. Cues for depth are given by both monocular and binocular viewing but binocular cues such as disparity which basically helps to differentiate between object as seen by the right and left eye due to their horizontal separation is the most crucial for depth information.18, 19
Loss of binocularity can affect the day-to-day activities due to loss of stereopsis, binocular disparity, field loss and to some extent impaired hand eye coordination. Which will affect daily tasks like mobilising in crowded spaces like chairs scattered in a classroom, unfamiliar surroundings. Also, some difficulty with reaching, grasping locating objects in terms of reduced depth judgement. And since related to children such motor deficits can affect their functionality and academic performance which in the long run can negatively affect their overall quality of life.20 
Other common challenges include impaired depth perception and cosmetic concerns. Patients who have undergone enucleation often struggle to adapt to daily activities both functionally and psychologically without formal training or guidance. While adaptation methods are typically learned gradually, they may still hinder certain tasks or functions or performing them with ease.21
[bookmark: _Toc146638522]Discussion:
Retinoblastoma: Impact on motor function:
Weintraub et al in cross sectional study conducted in the year 2018 in Israel administered children's motor function, as well as vision related function and health related quality of life questionnaire to total 48 children between the age group 6-12 years; To date only study commenting on the impact of motor function in children with retinoblastoma. Out of which 27 were unilateral retinoblastoma and remaining 21 were typically developing children. The study concluded that retinoblastoma patients who underwent monocular enucleation had reduced motor function mainly during movement in their day-to-day life activities. Which also correlated with poor quality of life especially physical and school related.26 
[bookmark: _Toc146638523]Retinoblastoma: Overall quality of life
Similarly, a cross-sectional study was conducted by Feng et al to assess the quality of life and long-term psychosocial outcome in adult unilateral retinoblastoma patients in China. The study outcomes showed relatively good quality of life; significantly higher rates of depression and anxiety in adult retinoblastoma patients in comparison to the control group. Moreover, it was found that they were more concerned with their facial appearance and females had more adverse psychosocial impact as compared with males.27 In addition to this more authors have published similar findings about overall quality of life being impaired in retinoblastoma patients as compared with controls both from a parent's perspective as well as self-reported.28,29
[bookmark: _Toc146638524]Retinoblastoma: Health related quality of life
A review of literature on health-related quality of life in the year 2020 which reviewed articles from the year 2005 to 2018 in the United States; included 59 articles of which 15 articles were reviewed to conclude reduced health related quality of life in retinoblastoma patients in comparison to controls or general population. Also, it suggests needs for further research to identify potential deficits in specific domains of health-related quality of life.6 
A recent Indian based cross-sectional study by Dhingra, H et al analysed health related quality of life in children with retinoblastoma in the age group (2-18 years) which was compared with a healthy sibling of each participant. The health-related quality of life was found to be lower in all four aspects namely physical, emotional, social, and school in comparison to the healthy siblings. Physical aspect being most affected after the social aspect of quality of life. In bilateral cases visual acuity of less than 6/18 and enucleation in unilateral/bilateral cases had a negative impact on health-related quality of life. Other factors considered in the study that might have adverse impact on health-related quality of life included gender, disease laterality, duration since diagnosis and socio-economic status; all of which showed negligible association on the health-related quality of life.30
In contrast, two studies conducted in the Netherlands by Van Dijk J et al on overall quality of life and health related quality of life in the year 2007. Former study in adult retinoblastoma patients (18- 35 years) and latter in children from 8 to 11 years and were compared with a healthy reference group. The studies concluded that both the parameters were near normal in retinoblastoma patients and they experienced setbacks in terms of their mental health in terms of anxiety and depression. Besides, the author also recommends more studies in order to identify additional psychological factors and any other deficits affecting their everyday activities which can adversely influence their quality of life.31, 32
[bookmark: _Toc146638525]Retinoblastoma: Vision related quality of life
Belson et al conducted a cross-sectional study to compare the vision related quality of life in adolescent and young adult unilateral and bilateral retinoblastoma patients. They also studied the association between vision related quality of life, health related quality of life and overall QOL. They reported worse vision related quality of life in bilateral retinoblastoma patients. Furthermore, they also concluded that vision related quality of life is associated with health-related quality of life with significant association with overall quality of life.33 Similarly a retrospective study conducted in 3 academic medical centres in New York by Friedman et al also concludes worse vision related quality of life in bilateral retinoblastoma patients.34
[bookmark: _Toc146638526]Retinoblastoma: Psychosocial impact
In addition to quality of life, a study conducted by Weintraub at el also included participation in daily activities in children in the age group 2- 18 years with retinoblastoma. The outcome of the study was overall quality of life being similar to that of age norms with reduced emotional and school related quality of life. Moreover, participation in daily activities was reduced in bilateral retinoblastoma patients as compared to unilateral retinoblastoma and age norms with lower emotional quality of life. Also, the authors concluded that the patients who underwent eye enucleation reported lower self-esteem.35A cross sectional study conducted by Morse, M et al to assess the psychosocial outcomes and quality of life among school-age survivors of retinoblastoma had a contradictory outlook to the above-mentioned study. They came to the conclusion that both children with retinoblastoma and their parents had good quality of life, emotional and behavioural health within the typical health of functioning. Compared to parents' perspective; children’s perception was more positive about the emotional, social, school and physical related quality of life. On the other hand, children with retinoblastoma reported increased anxiety compared to the healthy controls. And interestingly parents of female patients reported worse scores in comparison to the male patients.36
[bookmark: _Toc144739248][bookmark: _Toc136883792][bookmark: _Toc146638527]Retinoblastoma: Cognitive and developmental adaptation
A prospective cohort study was done to describe the trajectory of cognitive and adaptive functioning in paediatric retinoblastoma patients through age 10. With functioning declining from diagnosis through age 5 and then increasing from age 5 to age 10. However initial decline with continuous difficulties were observed in patients who underwent enucleation.37A retrospective study conducted by Reynolds et al was on similar grounds with the above study. They assessed the developmental delay and school performance in retinoblastoma patients. The study concluded poor school performance and developmental delay in retinoblastoma patients, especially more in the patients who were managed with chemotherapy for both unilateral and bilateral retinoblastoma.38
[bookmark: _Toc144739249][bookmark: _Toc136883793][bookmark: _Toc146638528]Retinoblastoma: Impact post enucleation
Qualitative study in the form of a cross-sectional survey was taken up in New York to find the impact of enucleation on adult retinoblastoma survivor’s age 18 years and older by Banerjee et al reported struggle with psychosocial problems. The study also stressed on identifying novel future interventions that can act as coping mechanisms to improve the quality of life of retinoblastoma patients.39 Likewise a questionnaire-based survey was conducted by Zhang, L et al in China to study the quality of life in Chinese paediatric patients with retinoblastoma post enucleation. The results revealed poor quality of life in all aspects with lower overall score as well low scores in different aspects namely health, school, and social. With major influencing factors being unilateral/bilateral affected eyes, diagnosis age, and ocular prosthesis satisfaction.40
[bookmark: _Toc144739251][bookmark: _Toc136883795][bookmark: _Toc146638529]Functional consequences of acquired monocular vision loss and prosthesis
Coday, M et al in a case series which included 64 patients commented about the functional consequence of acquired monocular vision loss through question-based survey. They concluded that the patients with sudden acquired monocular vision loss find it more difficult to adapt than the gradual vision loss. They also experience difficulty in terms of depth perception and need to provide a strenuous effort to carry out everyday tasks. Additionally, the patients also experienced difficulty with the cosmesis. The authors also recommend certain formal instructions for a smooth transition for the patient.21
Similarly, a cross-sectional study was conducted to assess the health-related quality of life after surgical removal of an eye by Kondo, T et al in the USA. The study concluded near normal health related quality of life as compared to the normal binocular controls except for the vision specific health related quality of life which was reduced in comparison to the controls.20Another study specifically assessed the vision related quality of life post enucleation using a patient administered questionnaire; carried out by Morgan-Warren et al. According to this study the main complaints reported by patients who underwent enucleation was with the peripheral vision and distance judgement but they managed to perform everyday tasks with few limitations. Apart from that they experienced improved comfort and aesthetic improvement post prosthesis but self-conscious behaviour due to the prosthesis was common.23The findings of the above study were in common grounds with the study conducted by Makrakis, L et al about the impact of ocular prosthesis on the quality of life, perceived stress and clinical adaptations in anophthalmic patients.43
Chotprasert, N et al conducted a qualitative interview-based study to identify psychosocial impact and psychological adjustments in patients with ocular loss; also gave a conceptual framework about the impact of ocular loss on their physical and psychological wellbeing and coping skills to propose the ideas for the training sessions for the medical professionals managing such patients. They concluded ocular loss had a negative impact on the physical and psychological well-being. Not just the ocular loss other factors that were also related included socioeconomic status, social support, and self-perceived appearance. Furthermore, rehabilitative strategies pre and post procedure should be devised based on all these factors. 44
[bookmark: _Toc136883188][bookmark: _Toc142392684][bookmark: _Toc146638514]Lacuna 
This research aims to shed light on the existing gaps, or lacunae, within the field of impact motor function in monocular retinoblastoma patients. While literature addresses quality of life, only one known study has directly examined motor function post-monocular enucleation in children with RB. There are numerous studies that have assessed the quality of life of patients with advanced retinoblastoma that have recommended further research in specific aspects of quality of life to come up with specific interventions that will help the patients to develop coping mechanisms to lead a healthy life. By identifying and examining these unaddressed areas, it will contribute to the advancement of knowledge and pave the way for future research. This study employs a comprehensive literature review and analysis to identify key areas that have received limited attention or remain untouched by previous research efforts. By addressing these lacunae, we can enhance our understanding of impact of motor function, health and vision related quality of life and its correlation to develop a more holistic perspective on the subject matter.
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Monocular patients often compensate for reduced visual field by increasing head turn, particularly to minimize occlusion by the nose in the lower contralateral field. Existing low vision programs primarily focus on bilateral visual loss and are more suitable for older patients with progressive eye conditions. Monocular patients, who experience sudden vision loss, lack formal training to cope with the transition from binocular to monocular vision in their daily activities. They are often left to adapt on their own without adequate support.22
Overall, the sudden acquired monocular vision due to enucleation which is a very serious undertaking and a significant life event reserved as last resort in a number of ocular conditions.23It leads to reduced depth perception, spatial awareness, loss of peripheral field which will in turn commensurate the motor difficulties experienced in day to life activities. 
In addition to functional deficits, the eyes also play a crucial role in expressing emotions and contribute to facial appearance. Consequently, the aesthetic, social, and psychological implications of losing an eye are significant. Individuals experience poor physical, functional, social, and psychological well-being, which greatly impact their overall quality of life.
Orientation and Mobility specialists play a crucial role in assessing the impact of monocular vision on activities of daily living and mobility. By addressing individual limitations and teaching appropriate skills, they can significantly improve the quality of life for individuals with monocular vision. Additionally, counselling can also be beneficial for overall psychological well-being.24, 20
[bookmark: _Toc144739287][bookmark: _Toc146638565]Conclusion
Monocular enucleation remains a critical intervention in the management of advanced unilateral retinoblastoma, often necessary to prevent metastasis and save life. However, this life-preserving procedure is not without long-term consequences. The resulting loss of binocular vision significantly affects depth perception, spatial orientation, and visual-motor coordination, which are vital for a child’s motor development and daily functioning. Additionally, the psychosocial impact—including changes in self-image, emotional well-being, and social participation—can have a lasting effect on quality of life.
This review highlights a consistent trend across the literature: while enucleation addresses the oncological urgency, it introduces physical, functional, and psychological challenges that require early and ongoing rehabilitation. Unfortunately, there is a notable gap in dedicated studies assessing motor function outcomes in these children. The integration of visual-motor therapy, ocular prosthesis fitting, psychological support, and orientation and mobility training within a multidisciplinary care framework is essential to support recovery and adaptation.
Future research should focus on longitudinal and comparative studies that evaluate motor and quality of life outcomes among children post-enucleation, and on the development of targeted, age-appropriate rehabilitation interventions. Such evidence will be key to improving long-term well-being and functional independence in paediatric retinoblastoma survivors.
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