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Assessing the visual capabilities that remain to children affected with bilateral 

retinoblastoma has relied on psychophysical tests based on recognition visual acuity. We 

report a case in which fundus-driven perimetry and swept-source optical coherence 

tomography was performed in a patient with a macular tumor in the remaining eye as a 

novel way of further assessing fixation after oncological disease and treatment. 

Retinoblastoma is the most common intraocular malignancy in infancy.1 Clinically it can present 

with bilateral tumors and multiple foci. Advances in the management of children with bilateral 

disease have led to improved rates of survival and globe preservation. Nevertheless, 38% of 

children with bilateral involvement have some form of visual impairment.2  

Microperimeters have emerged as a valuable resource for quantitative measure of visual 

field sensitivity while having a live view of the fundus,3 allowing a better understanding of 

fixation patterns in several pediatric conditions with macular involvement,4 but it has not been 

previously described in retinoblastoma patients. The diagnostic abilities of microperimeters 

broaden our understanding of the residual visual function in those patients with poor fixation 

stability or extrafoveal fixation patterns, particularly in those affected by macular tumors. Once 

an eccentric preferred retinal locus (PRL) has been identified, rehabilitation strategies, such as 

biofeedback training can then be considered to enhance quality of life.5 Children affected with 

macular retinoblastoma can show unexpectedly good visual behavior, given the extent of retinal 

damage from the disease itself or administered treatments.6 This depends on the nature of the 

adaptations made by the child’s visual system to use a parafoveal location as a PRL. We report 

the use of microperimetry in locating the new fixation area of a child affected with a macular 

tumor in her remaining eye and the use swept-source optical coherence tomography (SS-OCT) to 

study the structure of the retina in the identified area. 
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Case Report 

This study project was approved by the Royal London Hospital Institutional Review Board. Our 

purpose was to assess children with one remaining eye and to confirm that the PRL was used for 

day-to-day activities and not suppressed when the other eye was used. We did not enroll for 

perimetry children with high-amplitude nystagmus, because the determination of the PRL would 

have been difficult. 

Of 5 patients affected with bilateral retinoblastoma enrolled and consented, only 1 could 

complete the extensive clinical examination, microperimetry testing, and swept-source optical 

coherence tomography (SS-OCT) with reliable results at 9 years of age. This patient had 

presented to the Retinoblastoma Unit for treatment of bilateral retinoblastoma with macular 

involvement. Treatment with systemic chemotherapy, focal laser and cryotherapy was 

administered prior to enucleation of her left eye for reactivated retinoblastoma at 8 years of age. 

Nine months after enucleation, her best-corrected visual acuity in the right eye was recorded as 

1.3 logMAR (20/400 Snellen equivalent) with Sloan optotypes. Further assessment with MP-1 

microperimeter (NIDEK Technologies, Padua, Italy) was able to identify an area of fixation in 

which the center of the bivariate contour ellipse area corresponded to a region on the superior 

border of the treated macular tumor (Figure 1). The microperimetry study was completed with 

good cooperation using a single cross Goldmann III stimulus as a fixation target and was well 

tolerated by the patient after instillation of cyclopentolate 1% and phenylephrine 2.5% drops 

approximately 40 minutes before examination. 

Subsequently SS-OCT (Triton SS-OCT, Topcon Corporation, Japan) was performed and 

qualitative analysis was carried out by one of the authors (VP). Quantitative study of the 

identified PRL involved examination of thickness maps of the neurosensory retina and choroid. 
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Manual corrective segmentation was used in areas where the borders were not clearly defined by 

automated segmentation. SS-OCT of this region showed well-defined layers of neurosensory 

retina superiorly to the area of atrophy, including unaffected retinal pigment epithelium 

photoreceptor layers (Figure 2). Choroidal thickness increased back to nearly regular levels at the 

point of fixation, whereas thinning was identified in the central macular scar. 

Of the remaining 4 patients who were initially thought suitable for the study, 3 were not 

included because of low cooperation on clinical awake examination; the other patient, aged 6 

years, did not produce reliable results on the microperimetry test and hence was not further 

studied with SS-OCT. 

Discussion 

To our knowledge, this is the first report of microperimetry used in a child with macular 

retinoblastoma and a PRL identified for fixation; we have found no previous reports addressing 

the findings of this study in retinoblastoma patients. 

Although macular tumors have been associated with poor visual outcomes in 

retinoblastoma,7 it is difficult to predict visual behavior accurately. Microperimetry can be used 

as an additional investigation for the functional assessment of cooperative children with loss of 

central vision and unsteady or extrafoveal fixation. Our patient was found to have developed a 

PRL superiorly to the affected macula. Other reports studying PRL have shown that patients can 

have various locations for their PRL, depending on the macular disease. The superior location 

seen in our patient has also been found to be used in other conditions with macular involvement, 

such as pattern disease, Best dystrophy, and Stargardt disease.8 Some reports in adults with age-

related macular degeneration have found the PRL in other areas around the atrophic lesion,9 but 

the superior location shared by our patient and others in these reports has been thought to be 
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useful for inferior field visual function activities such as literacy and feeding. 

Tracking of the fundus also identified areas of retinal function amenable to structural 

study by OCT. In our patient the PRL presented with defined neurosensory retinal anatomy. It is 

also noteworthy that the PRL does not always develop on the border of the lesion in other 

diseases,8 probably because of subclinical disease. In our patient, the retinal thickness per se 

might not have been the decisive factor for the definition of the PRL; rather, the presence of an 

anatomically healthy choroid and partial preservation of anatomic features of the retina may have 

been the critical factors. This has been previously described in children after intensive treatment 

of a macular tumor.10 

The cooperation needed for the examination was essentially the ability to sit comfortably 

at the machine and to press the buzzer to indicate appearance of the stimuli. Our patient was 9 

years of age, within the age range recommended for conventional perimetry in children without 

cognitive impairment.11 Applied to children with only one remaining eye, microperimetry  

combined with SS-OCT testing offers clinicians a new approach in understanding the  

adaptive mechanisms after macular damage and may have a role in future visual rehabilitative 

treatments in older children with early loss of central vision by retinoblastoma. 
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Legends 

FIG 1. Identification of the preferred retinal locus (PRL) superior to macular tumor scar. 

Goldmann III stimuli were projected for 200 ms in a 4-2 threshold strategy. The PRL is 

identified as the center of the fixation ellipse. 

FIG 2. Swept-source optical coherence tomography showing anatomic preservation of retinal 

structure in the PRL, with preserved neurosensory retina (A-B) but severe disturbance of the 

architecture and loss of the retinal pigment epithelium–photoreceptors complex inferiorly into 

the macular scar (C-E). 
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