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ABSTRACT 21 

PURPOSE: To report the long-term strabismus rate in bilateral-salvaged retinoblastoma (Rb) 22 

patients and investigate possible risk factors leading to strabismus.   23 

METHODS: A 9-year retrospective analysis of bilateral-salvaged Rb patients who underwent 24 

orthoptic evaluation after long-term follow-up.  25 

RESULTS: The cohort included 42 (64 eyes, 22 (52%) bilateral)) patients, who presented with 26 

worse eye International Intraocular Retinoblastoma Classification (IIRC) group A (n=1), B 27 

(n=16), C (n=12), D (n=11), or no Rb (n=2). Fifteen (36%) patients were initially referred for 28 

screening due to family history of Rb. Overall treatments included intravenous 29 

chemotherapy (n=62 eyes), intra-ophthalmic artery chemotherapy (n=10 eyes), 30 

brachytherapy (n=11 eyes), transpupillary thermotherapy (n=22 eyes), cryotherapy (n=47 31 

eyes) and external beam radiotherapy (n=4 eyes). At last follow-up, after a mean time of 32 

93.7 months, 69% of patients had strabismus, with exotropia being the most common type 33 

(n=18), followed by esotropia (n=8) and alternate exotropia/esotropia (n=3). On univariate 34 

analysis, worse eye group IIRC and cTNMH, sporadic cases, strabismus and foveal tumour at 35 

presentation, were found to be significant factors leading to strabismus at last visit 36 

(p≤0.043). On multivariate analysis, however, only foveal involvement was found to be 37 

significant (p<0.001).  38 

CONCLUSIONS: Strabismus, and exotropia in specific, is a common adverse sequela 39 

following successful conservative treatment for Rb, with 69% of the present cohort that had 40 

some type of deviation after long-term follow-up. Foveal tumour at presentation was found 41 



 

to be a significant risk factor. With improved eye salvage rate, these findings are important 42 

additions in the management of Rb patients.    43 

44 



 

INTRODUCTION 45 

Retinoblastoma (Rb), the most common primary intraocular cancer of childhood,1 was 46 

commonly managed by enucleation. With recent advances in Rb management, including the 47 

use of intravenous chemotherapy (IVC), and development of screening programs for at risk 48 

patients, as well as case referral to specialized centres, Rb is considered to be a curable 49 

cancer, with nearly 100% survival and high eye salvage rate in developed countries.2 The 50 

recent introduction and use of targeted chemotherapy,3,4 allowed salvage of even more 51 

advanced cases. Although the paramount aim of treatment remains the same, of saving life 52 

and the eye with as much vision as possible, with more globe salvage, greater attention is 53 

being paid to improve quality of life measures in Rb survivors.  54 

Visually deprived children are at risk to develop strabismus. Strabismus was also found to 55 

have a negative psychosocial impact on the subject's life.5 To the best of our knowledge 56 

there has been only a single report on long-term orthoptic outcomes, including strabismus, 57 

in Rb patients.6 The goal of the present study was to report the long-term strabismus rate 58 

and to investigate potential risk factors leading to strabismus in bilateral salvaged Rb 59 

patients from all IIRC groups.   60 

61 



 

METHODS 62 

This was a retrospective chart review of consecutive treatment-naïve Rb patients presenting 63 

to the London Rb service from 01 August 2004 to 15 August 2012, who were treated for 64 

their disease, monitored thereafter via examinations under anaesthesia, and eventually 65 

with awake examinations. Included in the study were patients with bilateral salvaged eyes 66 

at last follow-up. The study was approved by the Barts Health NHS Trust institutional review 67 

board (number 6622) in concordance with the declaration of Helsinki.  68 

Data retrieved from medical charts included patients’ age, gender, family history of Rb, 69 

presenting sign, clinical variables at presentation and genetic analysis results. All eyes were 70 

classified according to the IIRC5 and cTNMH schemes.7 Additional data retrieved from 71 

medical charts included treatment modalities used and associated complications, and 72 

results from last follow-up visit, including orthoptic evaluation. All RetCam (Clarity Medical 73 

Systems, Pleasanton, CA, USA) images, as well as fluorescein angiograms for selected 74 

patients, were reviewed and analysed. Foveal tumour involvement was defined as presence 75 

of tumour ≤1.5mm from the foveola at presentation.  76 

IVC regimen included vincristine, etoposide and carboplatin, given via a central line, 77 

approximately once every 3 weeks, for 6 cycles. Focal treatments included cryotherapy, 78 

transpupillary thermotherapy (TTT) and ruthenium plaque brachytherapy. The use of 79 

treatment modalities including intra-arterial chemotherapy have been previously 80 

described.8 81 

From presentation, patients were examined and treated under anesthesia. In a substantial 82 

number of cases, an orthoptist examination was undertaken prior to every examination 83 



 

under anesthesia. At the age of approximately 5 years, after at least one year with no 84 

treatments for active tumours, and depending also on the child’s cooperation, an awake 85 

examination was attempted to detect tumor relapse. Awake examinations included an 86 

orthoptic evaluation and full ophthalmic examination. Orthoptic evaluation at last visit 87 

included visual acuity (VA) assessment; cover test at near (1/3 m) and distance (6 m); 88 

binocular function testing in those with aligned eyes including motor fusion and stereopsis 89 

assessment using The Frisby Near Stereotest (Stereotest Ltd, Sheffield UK); ocular motility 90 

examination including convergence and smooth pursuits assessment; nystagmus 91 

assessment; measurement of ocular deviation using prism cover testing or prism reflection 92 

test in cases of poor VA or fixation.  In cases where strabismus was variable, a measurement 93 

was not possible.  A strabismus at the end of treatment was defined as a non-intermittent 94 

tropia in this study rather than a phoria. The best-corrected VA was assessed using Kays 95 

picture tests, Sheridan Gardiner Single letters, Sheridan Gardiner Linear letters, or Snellen 96 

acuity, depending upon the age of the child.  Patients with refractive correction were given 97 

a period of refractive adaptation (16-22 weeks) prior to identifying amblyopia and 98 

commencing amblyopia treatment.  Amblyopia was defined as an interocular VA difference 99 

of at least 2-lines.  Patching treatment was prescribed according to the severity of 100 

amblyopia: 2-4 hours in moderate amblyopes (VA difference of 0.30-0.60 logMAR) or 4-6 101 

hours in severe amblyopes (VA difference of >0.60 logMAR).  On achieving the optimal VA, 102 

the patching treatment was gradually weaned to avoid regression in VA. 103 

 104 

Statistical analysis 105 



 

All calculations were performed using Microsoft Excel 2016 software (Microsoft 106 

Corporation, Redmond, WA, USA) and SPSS software version 24.0 (SPSS, Inc., Chicago, IL, 107 

USA). Snellen VA was converted to logMAR equivalent. Approximations for VA worse than 108 

20/400 were as follows: counting fingers, 20/2000; hand motions, 20/4000; light 109 

perception, 20/8000; and no light perception, 20/16000.9 Clinical variables at presentation 110 

and during follow-up were assessed as risk factors leading to strabismus at last visit, 111 

including strabismus of any type, exotropia (XT) and esotropia (ET). For statistical analysis 112 

the following variables were clustered together: for IIRC groups, the worse eye was assessed 113 

as a potential risk factor, normal fundus at presentation and groups A and B eyes were 114 

grouped together and Groups C and D together; for cTNMH, cT0 and cT1 were grouped 115 

together, separately from cT2 cases; and fovea involvement at presentation was divided 116 

into not involved versus involvement of at least 1 eye. For univariate and multivariate 117 

analysis, XT cases at last visit were grouped together with variable XT/ET cases (separately 118 

from ET cases). Categorical variables were analyzed using Chi-square or Fisher's Exact Test 119 

and continuous variables using T-Test. Variables found significant (P≤0.05) on univariate 120 

analysis were further evaluated using multivariate analysis (Stepwise Linear Regression).  121 

122 



 

RESULTS 123 

During the study period, 149 treatment-naive Rb patients presented and were treated in the 124 

London Rb service, 107 (72%) of whom had at least one eye enucleated (as primary or 125 

secondary treatment). The remaining 42 (28%) patients (64 eyes) had bilateral salvaged eyes 126 

and these comprise the study cohort. The demographics, inheritance and genetic data of 127 

the study patients are shown in Table 1. The median age of presentation was 6.4 months 128 

(mean: 8.2; range: 0.3 – 58.3), strabismus was the second most common presenting sign – 129 

following leukocoria, triggering referral in 7 (17%) of the cases, and in 2 (5%) additional 130 

cases the presenting sign was strabismus in conjunction with leukocoria. Fifteen (36%) 131 

patients with a family history of Rb underwent screening examinations to rule out Rb, 2 132 

(13%) of which had normal fundi initially. Of the study patients, 16 (38%) had a family 133 

history of Rb, and in 30 (71%), a RB1 mutation was found. One patient with 13q deletion 134 

syndrome was referred to undergo screening examination and was found to have Rb. 135 

Table 2 shows the results of the first clinical examination. In this series, XT was found at 136 

presentation in 15 (36%) of the patients and ET in 5 (12%). One (2%) patient presented with 137 

alternate XT/ET strabismus and 18 patients (43%) had no eye deviation at presentation. In 138 

12/21 (57%) patients, strabismus was detected on initial examination, but the triggering sign 139 

for referral was other than strabismus, including leukocoria in 9 patients and 3 patients that 140 

were sent for screening. One patient, referred due to leukocoria, was found to have 141 

strabismus and nystagmus at first clinical examination. Of the study cohort, 16 (38%) 142 

patients presented with bilateral disease. However, 6 additional patients (all together 22 143 

(52%) patients), who presented with normal fundi (n=2) or unilateral disease (n=4), 144 

developed bilateral disease during follow-up. The most common worse eye IIRC group was 145 



 

group B (16 (38%) patients) and the most advanced cases were bilateral group D (3 (7%)). 146 

There were no patients with group E eyes (IIRC definition5) in this cohort, as these cases 147 

underwent primary enucleation. In 27 (64%) of the patients, at presentation, at least one 148 

fovea was found to be involved with tumour and all patients (100%) that presented with 149 

strabismus had at first clinical examination at least one fovea involved. On the other hand, 150 

in 14/18 (22%) of the patients with no strabismus at presentation, both foveas were free of 151 

tumour (p<0.001).  152 

All patients, other than 2 (4 eyes) with family history of Rb, were initially treated by means 153 

of IVC. These 2 patients underwent screening examinations early after birth and were 154 

treated by means of focal therapy after diagnosis was made. One of the 2 patients, later in 155 

the course of disease was treated also by means of IVC. Additional treatments (Table 3) 156 

included salvage IAC (n=10 eyes), plaque brachytherapy (n=11 eyes), TTT (n=22 eyes), 157 

cryotherapy (n=47) and salvage external beam radiotherapy (n=4 eyes). Of the entire 158 

cohort, 11 (26%) children underwent patching treatment for amblyopia. 159 

Table 3 also shows the follow-up data, including follow-up time, orthoptic evaluation and 160 

intraocular tumour variables at last visit. Median age at final follow-up visit was 97.4 months 161 

(mean: 102.0; range: 60.1 – 164.8), median follow-up time from presentation was 90.9 162 

months (mean: 93.7; range: 52.7 – 153.5) and median interval from last treatment to final 163 

visit was 73.3 months (mean: 81.1; range: 32.7 – 149.8). Median both eyes logMAR at last 164 

visit was -0.01 (mean: 0.05; range: -0.24 – 1.2). Of the 42 patients, 7 (17%) had nystagmus at 165 

last visit. Of note, none of the study patients developed an intracranial tumour and none 166 

had distant metastasis.  167 



 

Some form of strabismus was measured at last follow-up visit in 29 (69%) of the patients, 168 

with XT being the most common form (n=18), followed by ET (n=8) and alternate XT/ET 169 

(n=3). Overall in the XT subgroup there were 11 patients with deviations ≥10PD, a single 170 

patient had <10PD and for 6 patients no measurements were available due to variability in 171 

the size of strabismus on cover testing. In the ET subgroup all patients had ≥10PD. 172 

Additional vertical deviations included hyper or hypotropia in 12 (41%) of the patients, all of 173 

which also had horizontal strabismus. None of the patients reported diplopia at last visit. 174 

One patient developed a 3rd nerve palsy following IAC, which resolved spontaneously with 175 

no limitations in eye movements at last visit. One patient underwent right medial rectus 176 

recession (12mm) and lateral rectus resection (8mm) for a 55PD ET, the outcome of which 177 

was a very small residual ET at final visit, none received botulinum toxin injections, and one 178 

patient underwent cataract extraction.  179 

Figure 1 depicts the correlation between the strabismic status at presentation and final 180 

follow-up visit. Of the 18 patients with XT at final follow-up, 13 (72%) had strabismus at 181 

presentation, in 11 (85%) of which it was XT. Two (11%) had initial ET and in 2 (11%) the 182 

status at presentation was not known (data not found in notes), but the fovea was found to 183 

be involved. Regarding ET cases at last visit, 2 (25%) had initial XT, 2 (25%) initial ET, 1 (13%) 184 

had variable XT/ET and 3 (38%) had no deviation at presentation. Of the 29 patients with 185 

strabismus at last visit, in 5 (17%) the fovea was clear of tumour (according to last visit 186 

examination). Of these 5 patients; one (#1) had bilateral group D Rb that was found to 187 

involve both foveas at presentation, but not after tumours regressed; one patient (#14) at 188 

last visit had a regressed macular tumour 2mm away from the foveola, macular retinal 189 

pigment epithelium (RPE) atrophy and final logMAR of 1.3 in the involved eye; one patient 190 



 

with 13q deletion syndrome and developmental delay (#29) developed high hypermetropia 191 

(+7 diopters) and nystagmus, reducing vision to logMAR 0.34, despite having a clear fovea; 192 

and 2 patients (#26 and 30) developed macular choroidal ischaemia following IAC (Figure 2), 193 

reducing vision in the treated eyes to logMAR 0.86 and 1.2, respectively. An additional 194 

patient with bilateral Rb (#6) and strabismus at last visit had a foveal tumour in the right eye 195 

and a tumour not involving the fovea in the left eye (Figure 2). Following IAC for his left eye, 196 

the patient developed choroidal ischaemia, reducing vision to logMAR 0.9. Altogether in this 197 

case series there were 3/10 (30%) of the eyes treated with IAC that developed choroidal 198 

ischemia. Additional adverse outcomes seen at last visit included macular RPE atrophy (n=8) 199 

and detached macula (n=1). None of the patients that underwent plaque brachytherapy was 200 

found to have radiation maculopathy or papillopathy.  201 

On univariate statistical analysis, significant risk factors leading to strabismus of any type at 202 

last visit were worse eye group IIRC (p=0.008), worse eye cTNMH (p=0.043), sporadic cases 203 

(p=0.001), strabismus at presentation (p<0.001) and fovea involved at presentation 204 

(p<0.001). On multivariate analysis, however, only foveal involvement was found to be a 205 

significant risk factor (p<0.001; odds ratio:104; 95% confidence interval (CI) for odds ratio: 206 

10-1106). The following variables were found to be not significantly associated with final 207 

strabismus: age of presentation, gender, laterality, germline disease, any type of treatment 208 

for Rb, patching treatment for amblyopia, follow-up time and time from last treatment 209 

(p≥0.144). Analysing XT and variable XT/ET cases, strabismus at presentation (p<0.001), 210 

fovea involved at presentation (p<0.001), shorter follow-up time (p=0.016) and shorter 211 

interval from last treatment (p=0.046), were all found to be significant risk factors. For this 212 

variable too, only foveal involvement was found on multivariate analysis to be a risk factor 213 



 

(p=0.002; odds ratio: 33; 95% CI for odds ratio: 4-306). Analysing ET cases, male gender 214 

(p<0.001) and sporadic cases (p=0.03) were found significant in predicting ET at last visit, the 215 

prior found on multivariate analysis to be the only predicting factor (p=0.003; odds ratio: 29; 216 

95% CI for odds ratio: 3-261). Of note, there was a statistical trend of males that presented 217 

with worse eye IIRC (58% of males with group C or D versus 28% of males with no Rb, group 218 

A or B p=0.065). Supplemental Digital Table 1 summarizes the abovementioned univariate 219 

analyses.  220 

221 



 

DISCUSSION 222 

In a recent report from our centre on orthoptic outcomes in group D cases following 223 

multimodality therapy,6 12/20 (60%) patients were found to have strabismus after 5 years 224 

of follow-up. In the present study, which represents a larger cohort of bilateral salvaged Rb 225 

patients from IIRC A-D groups, after a mean follow-up time of nearly 8 years and mean 226 

interval from last treatment of nearly 7 years, strabismus was found to be a very common 227 

adverse sequela, with 69% of patients that had some type of deviation at final visit. XT was 228 

most common (43%), followed by ET (19%) and variable XT/ET (7%).  229 

Strabismus found at final visit may be a result of strabismus detected at presentation or may 230 

develop during treatment. Of the 29 patients in the present study that had strabismus at 231 

final visit, 21 (72%) had also strabismus at presentation (in 2 additional patients the initial 232 

status was not known). Interestingly, the deviation type in some cases changed from 233 

presentation to final visit.  234 

Comitant strabismus in the pediatric population is a multifactorial disorder with associations 235 

with amblyopia, anisometropia, sensory deprivation, prematurity and family history. In this 236 

cohort, we assume that sensory deprivation (unilateral or bilateral vision loss) was the most 237 

important cause. We also analysed the number of patients on amblyopia therapy during this 238 

period, as amblyopia can be associated with strabismus. However, it was found to be a non-239 

significant factor.  240 

In the present study, 27/42 (64%) of patients had a foveal tumour at presentation and all 241 

but one had strabismus at final visit. In this single case, however, a foveal tumour was 242 

detected in a group D eye at presentation, which regressed and was found eventually not to 243 



 

involve the fovea at the last visit. These descriptive findings are strengthened by the 244 

multivariate analysis results, which showed that the only significant risk factor leading to 245 

strabismus at final visit is foveal involvement at presentation. Interestingly, on multivariate 246 

analysis of ET cases at last visit, only male gender was found to be a significant factor. We 247 

have no reasonable explanation for this finding. Males in this study presented in more 248 

advanced stages as compared to females, yet this does not explain an association with a 249 

specific eye misalignment disorder.  250 

In 5/29 (17%) of the patients with strabismus at the final visit, the fovea was not involved 251 

with tumour, yet the patients developed a deviation. In all but one patient, the underlying 252 

cause was sensory strabismus. In 2/5 of the patients, strabismus was secondary to choroidal 253 

ischemia and loss of vision following IAC. An additional patient (altogether 3/10 of the eyes 254 

that were treated with IAC) suffered from visual loss in his good eye in which he had a non-255 

foveal tumour, because of the same etiology. This patient had a foveal tumour in the fellow 256 

eye and strabismus at last visit. Choroidal ischemia is a sight-threatening complication of 257 

IAC, which was previously described.10-12 Tsimpida et al showed that it can cause severe 258 

visual loss in 42% of eyes, where normal vision was demonstrable before treatment,12 and it 259 

can be avoided by using lower doses of melphalan.13  260 

Amblyopia was treated in 26% of patients and the low percentage reflects the shift in the 261 

management strategy to ensure patients are seen by an orthoptist regularly and the 262 

evidence that amblyopia therapy can be effective even with macular tumors.14  263 

Nystagmus, found in the present study in 6/27 (22%) of patients, is another adverse 264 

outcome associated with sensory visual loss at an early age. Nystagmus may further limit 265 



 

visual acuity due to the ocular oscillations and difficulty in maintaining foveal fixation,15 and 266 

was also found to result with low social function scores in children.16  267 

Mean age of diagnosis of unilateral Rb is 25 months and of bilateral Rb is 15 months.17 Patients 268 

from the present cohort presented at a significantly earlier age: mean of 8.2 months, most 269 

likely due to those with a family history of Rb, who underwent screening examination soon 270 

after birth. Screening programs for at risk patients with a family history of Rb are common 271 

nowadays, as they were found to be beneficial, enabling earlier diagnosis of the disease,18 272 

requiring less interventions and resulting with better outcomes.19 Screening examinations in 273 

a substantial number of patients in the present cohort enabled salvage of both eyes, 274 

although many remained with low vision in one or both eyes, strabismus and nystagmus.  275 

Limitations of this study include its retrospective design and relatively small cohort size.  276 

Accurate strabismus PD measurement at first orthoptic evaluation was available only in the 277 

minority of patients, hence was not reported. For the remaining patients, strabismus at 278 

presentation was reported qualitatively (i.e. strabismus type present or not). Larson et al. 279 

found that the threshold for observers to detect strabismus was 12.5 PD.20 Interestingly, in 280 

this study, in nearly 60% of patients, strabismus was detected on first orthoptic assessment 281 

but was not the presenting sign triggering referral. However, strabismus as a presenting sign 282 

was not the focus of this study, but rather strabismus as an outcome. Another limitation 283 

was the lack of refractive error data which should be addressed in a prospective study. The 284 

relatively small cohort size forced us to cluster together IIRC and cTNMH groups, as well as 285 

XT together with variable XT/ET cases, for statistical analysis. Nevertheless, the results of 286 

the present study shed light, for the first time, on long-term strabismus outcomes and on 287 

risk factors to have strabismus at final visit.  288 

289 



 

CONCLUSIONS 290 

After a mean follow-up time of 94 months, strabismus was found in 69% of bilateral 291 

salvaged Rb patients, 95% of which had a deviation of ≥10PD, and XT was the most common 292 

type. Patients with tumours within 1.5mm from the foveola as detected at presentation, are 293 

at risk of having strabismus at final visit, as was shown on multivariate analysis. With the 294 

increasing use of conservative modalities and improved eye salvage rate, these findings 295 

represent important additional information for Rb patients, their families and their 296 

physicians.  297 

298 
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FIGURE LEGEND 356 

Figure 1 – Strabismus at presentation versus final follow-up following a mean time of 94 357 

months.  358 

 359 

XT – exotropia, ET – esotropia.  360 

International Intraocular Retinoblastoma Classification of right eye/left eye. 0 – no tumours 361 

found at presentation. * eventually patient developed bilateral retinoblastoma.  362 

Black circle and white number – fovea involved. White circle and black number – fovea free 363 

of tumour.  364 

365 



 

Figure 2 – Macular choroidal ischaemia in patient #26 (A) and #30 (B) following intra-366 

ophthalmic artery chemotherapy (IAC). Calcified foveal tumour in the right eye of 367 

patient #6 (C) and significant choroidal ischaemia in the left eye following IAC in the 368 

same patient.  369 

370 



 

 371 

Table 1. Forty-two bilateral salvaged retinoblastoma patients: 
demographics and genetic analysis.  

Variable N (%) 

Gender 

          Males 

          Females 

 

18 (43) 

24 (57) 

Age of presentation (months) 

          Median (mean; range) 

 

6.4 (8.2; 0.3 – 58.3) 

Presenting sign1 

          Leukocoria 

          Strabismus 

          Leukocoria and strabismus 

          Screening2 

 

18 (43) 

7 (17) 

2 (5) 

15 (36) 

Inheritance 

          Sporadic 

          Familial 

 

26 (62) 

16 (38) 

Germline disease3 

          Yes 

          No 

 

30 (71) 

12 (29) 

1As reported by parents/guardians.  

2Patients with family history of retinoblastoma, who were referred for screening 
examination.  

3Evidence of blood RB1 mutation.  
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Table 2. Forty-two bilateral salvaged retinoblastoma patients: 
findings from first clinical examination.  

Variable  N (%) 

Strabismus at presentation 

          Exotropia 

          Esotropia 

          Variable1 

          No strabismus 

          Missing data 

 

15 (36) 

5 (12) 

1 (2) 

18 (43) 

3 (7) 

Laterality at presentation 

          No Rb2 

          Unilateral 

          Bilateral 

 

2 (5) 

24 (57) 

16 (38) 

Worse eye IIRC group3 

          No Rb at presentation2 

          A 

          B 

          C 

          D 

 

2 (5) 

1 (2) 

16 (38) 

12 (29) 

11 (26) 

Worse eye cTNMH4 

          cT0N0M0H1 

          cT1aN0M0H1 

          cT1bN0M0H0 

          cT1bN0M0H1 

          cT2aN0M0H0 

          cT2aN0M0H1 

          cT2bN0M0H0 

 

2 (5) 

1 (2) 

2 (5) 

16 (38) 

2 (5) 

1 (2) 

8 (19) 



 

          cT2bN0M0H1 10 (24) 

Tumour dimensions (n=64 eyes; mm) 

          Median (mean; range) 

                    Height 

                    Width 

 

 

5.7 (6.0; 1.6 – 12.4) 

10.4 (9.7; 3 – 16.4) 

Retinal detachment (n=64 eyes) 

          Yes 

          No 

 

20 (31) 

44 (69) 

Foveal tumour5 

          Per patient 

                    1 eye 

                    2 eyes 

                    No 

          Per eye (n=64 eyes) 

                    Yes 

                    No                      

 

 

24 (57) 

3 (7) 

15 (36) 

 

30 (47) 

34 (53) 

Rb Seeds (n=64 eyes) 

          Sub-retinal 

          Vitreous 

 

9 (14) 

12 (19) 

1Alternate exotropia/esotropia.  

2screened patients with family history of retinoblastoma.  

3International Intraocular Retinoblastoma Classification.8  

48th edition AJCC/UICC clinical staging system.14  

5Tumour ≤1.5mm from foveola. 

Rb – retinoblastoma. 
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Table 3. Forty-two bilateral salvaged retinoblastoma patients: 
management and outcome.  

Variable  N (%) 

Primary treatment (n=64 eyes) 

          IVC 

          TTT 

 

60 (94) 

4 (6) 

Overall treatments (n=64 eyes) 

          IVC 

          IAC 

                    Median (mean; range) 

          EBRT 

          Plaque brachytherapy 

          TTT 

                    Median (mean; range) 

          Cryotherapy 

                    Median (mean; range) 

          Non-Rb treatments 

                    Cataract extraction 

                    Strabismus surgery 

 

62 (all received 6 cycles) 

10 (16) 

          2 (2; 2 – 3) 

4 (6) 

11 (17) 

22 (39) 

           3 (4; 1 – 5) 

47 (73) 

           3 (3; 1 – 13) 

 

1 (2) 

1 (2) 

Patching treatment for amblyopia 

          Yes 

          No 

 

11 (26) 

31 (74) 

Age at last follow-up (months) 

          Median (mean; range) 

 

97.4 (102.0; 60.1 – 164.8) 

Follow-up time (months) 

          Median (mean; range) 

 

90.9 (93.7; 52.7 – 153.5) 

Last treatment – last follow-up (months)  



 

          Median (mean; range) 73.3 (81.1; 32.7 – 149.8) 

Both eyes logMAR 

          Median (mean; range) 

 

-0.01 (0.05; -0.24 – 1.2) 

Involved eyes logMAR (n=64 eyes) 

          Median (mean; range) 

 

0.46 (0.66; -0.18 – 2.9) 

Stereopsis (The Frisby Near Stereotest) in 
aligned eyes (n=13 patients) 

 

55 seconds of arc in all 

Strabismus at last follow-up 

          Exotropia 

                    PD (Median (mean; range)) 

                    Additional vertical deviation 

          Esotropia 

                    PD (Median (mean; range)) 

                     Additional vertical deviation 

          Variable1 

          No strabismus 

29 (69) 

18 (43) 

28 (28; 6 – 60) 

6 (33) 

8 (19) 

25 (24; 12 – 40) 

6 (75) 

3 (7) 

13 (31) 

Nystagmus 

          Yes 

          No 

 

7 (17) 

35 (83) 

Tumour regression type (n=64 eyes) 

          0 no remnant 

          1 calcified mass 

          2 fish flesh 

          3 calcified mass/fish flesh 

          4 flat scar 

 

1 (2%) 

28 (44%) 

0 (0%) 

10 (16%) 

25 (39%) 

Tumour to optic disc (mm; n=64 eyes) 

          Median (mean; range) 

 

2.3 (3.0; 0 – 12) 

Tumour to fovea (mm; n=64 eyes) 

          Median (mean; range) 

 

2.0 (2.9; 0 – 12) 



 

1Alternate exotropia – esotropia.  

IVC – intravenous chemotherapy; IAC – intra-ophthalmic artery 
chemotherapy; EBRT – external beam radiotherapy; TTT – transpupillary 
thermotherapy; Rb – retinoblastoma.  
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