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Article History: Abstract: Background: Retinoblastoma is the most common 

intraocular malignancy in children, and early detection of optic nerve 

invasion is crucial as it is associated with poor prognosis and increased 

risk of metastasis. Histopathology is considered the gold standard for 

detecting optic nerve invasion; however, it is only available after 

enucleation. Magnetic resonance imaging (MRI), being a non-invasive 

modality with excellent soft tissue resolution, plays an important role 

in preoperative assessment, but its diagnostic accuracy needs further 

evaluation.Objectives: To determine the diagnostic accuracy of 

magnetic resonance imaging in detecting optic nerve invasion in 

retinoblastoma patients, taking histopathology as the gold standard. 

Study design & Setting: A cross-sectional validation study was 

conducted in the Department of Radiology at Shaukat Khanum 

Hospital, Lahore from 2 March 2025 to 2 June 2025.Methodology: A 

total of 139 patients aged 6 months to 10 years with suspected 

retinoblastoma were included using non-probability consecutive 

sampling. MRI of the brain and orbits was performed using a 3 Tesla 

scanner. Findings were compared with histopathology. Sensitivity, 

specificity, positive predictive value, negative predictive value, and 

diagnostic accuracy were calculated. ROC curve and likelihood ratios 

were also determined.Results: MRI showed a sensitivity of 83.3% and 

specificity of 77.2%. The positive and negative predictive values were 

73.5% and 85.9%, respectively, with an overall diagnostic accuracy of 

79.9%. ROC analysis demonstrated an AUC of 0.803. Stratified 

analysis showed consistent diagnostic performance across age, gender, 

and duration groups (p < 0.001).Conclusion: MRI is a reliable non-

invasive modality with good diagnostic accuracy for detecting optic 

nerve invasion in retinoblastoma patients and can be effectively used 

in preoperative assessment. 
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INTRODUCTION 
 

Congenital melanocytic nevi (CMN) are pigmented 

Retinoblastoma is an oncologic disease of the 

developing retina, typically presenting in patients 

younger than 5 years of age. Retinoblastoma occurs in 

a heritable form (40% of cases, mostly bilateral) and a 

nonheritable form (60% of cases, always unilateral).1 

Mortality ranges from < 5% in high-income countries 

to 40% to 70% in low-income countries. Survival is 

poor in the presence of central nervous system 

metastases.2 Histopathological postlaminar optic 

nerve invasion (PLONI) of the tumor is a risk factor 

for developing metastatic disease. Optic nerve 

invasion can be detected on magnetic resonance 
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imaging (MRI) as contrast enhancement in the optic 

nerve beyond the lamina cribrosa: postlaminar optic 

nerve enhancement (PLONE).3,4 

MRI plays a crucial role in the preoperative evaluation 

of retinoblastoma. While it helps in confirming the 

clinical diagnosis, it also enables assessment of tumor 

invasion of the choroid, sclera, and optic nerve, all of 

which are high-risk features for systemic 

dissemination. Additionally, it helps identify 

concomitant intracranial metastasis and embryonal 

tumors.5 The development of retinoblastoma is 

primarily attributed to mutations in the RB1 tumor 

suppressor gene, leading to uncontrolled proliferation 

of retinal cells. The heritable form is often associated 

with germline mutations and may present earlier with 

bilateral or multifocal tumors, whereas the 

nonheritable form typically arises from somatic 

mutations and is usually unilateral.6 The 

pathophysiology involves disruption of normal cell 

cycle regulation, resulting in rapid tumor growth and 

potential extension beyond the globe.7 Clinically, 

patients commonly present with leukocoria, 

strabismus, decreased vision, or ocular inflammation, 

and in advanced stages, proptosis or orbital cellulitis–

like features may be observed. If left untreated, the 

tumor may invade the optic nerve, choroid, and orbit, 

eventually leading to intracranial extension and 

distant metastasis, which significantly worsens 

prognosis.8 

 

In addition to clinical examination and fundoscopic 

findings, imaging modalities play a key role in disease 

evaluation. Magnetic resonance imaging is the 

preferred modality due to its superior soft tissue 

contrast and ability to delineate intraocular and 

extraocular tumor extension without radiation 

exposure. On MRI, optic nerve invasion is suggested 

by abnormal signal intensity, contrast enhancement, 

and thickening of the optic nerve beyond the lamina 

cribrosa.9 Histopathology remains the definitive 

method for confirming optic nerve involvement, 

characterized by the presence of malignant cells 

infiltrating the optic nerve fibers. The correlation 

between MRI findings and histopathological 

confirmation is therefore critical in determining the 

diagnostic performance of MRI in detecting optic 

nerve invasion in retinoblastoma patients.10 

Therefore in such a scenario, MRI can be of important 

diagnostic value for detection of optic nerve invasion. 

Many studies highlight the significant association of 

MRI findings with optic nerve involvement but no 

local study has been conducted in Pakistan. Therefore 

the purpose of this study is to find the diagnostic 

accuracy of magnetic resonance imaging in detecting 

optic nerve invasion in retinoblastoma patients. 

Hence providing information about a diagnostic tool 

which can be more accurate and less time consuming 

thus helping in decision of treatment plan and 

prognosis of the disease. My study will not only 

provide the local stats but will also be a useful addition 

in the existing literature. The objective of this study is 

to determine the diagnostic accuracy of magnetic 

resonance imaging in detecting optic nerve invasion in 

retinoblastoma patients, taking histopathology as the 

gold standard. 

 

MATERIALS AND METHODS 

After approval from the ethical review committee and 

CPSP this cross-sectional validation study was 

conducted in the Department of Radiology at Shaukat 

Khanum Hospital 2 March 2025 to 2 June 2025. A 

sample size of 139 cases was calculated with a 95% 

confidence level, taking the expected percentage of 

optic nerve invasion in retinoblastoma patients as 

46.8% and desired precision of 12% for sensitivity of 

40.0% and specificity of 93.55% of MRI.11,12 Non-

probability consecutive sampling was used. Patients 

aged 6 months to 10 years of both genders who were 

referred to the Radiology Department for evaluation 

of suspected retinoblastoma with duration of 

symptoms greater than 3 months were included. 

Patients who had already received treatment, had 

recurrent disease, had a history of orbital trauma, or 

had contraindications to magnetic resonance imaging 

such as MRI-incompatible prosthesis or cardiac 

pacemakers were excluded. Informed consent was 

taken from the parents of each patient. Demographic 

and clinical variables including age, gender, duration 

of symptoms, and side affected were recorded.  

 

Magnetic resonance imaging of the brain and orbits 

was performed in every patient using a 3 Tesla MRI 

scanner with head coils, with and without contrast, 

and a slice thickness of 1 mm. All MRI findings were 

interpreted by a consultant radiologist with at least 

five years of post-fellowship experience in the 

presence of the researcher, and optic nerve invasion in 

retinoblastoma patients was assessed as per 

operational definition. MRI findings were then 

compared with histopathology reports, and all data 

were recorded on a specially designed proforma. 

 

Operational definitions were described as follows: 

Diagnostic accuracy was measured in terms of 

sensitivity, specificity, positive predictive value, and 

negative predictive value. Sensitivity was defined as 

the ability of MRI to correctly detect optic nerve 

invasion, while specificity was its ability to correctly 

identify absence of invasion. Positive predictive value 

was the probability of optic nerve invasion on MRI 

among positive cases, and negative predictive value 

was the probability of no invasion among negative 

cases. True positive and true negative were defined as 

agreement of MRI findings with histopathology for 

presence and absence of invasion, respectively, while 

false positive and false negative indicated 

disagreement. Suspected retinoblastoma cases were 

identified by clinical features such as ptosis, 
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leukocoria, and calcifications on CT scan. Posterior 

laminar optic nerve invasion on MRI was defined by 

characteristic signal changes with contrast 

enhancement and optic nerve thickening ≥2 mm, 

whereas on histopathology it was confirmed by typical 

tumor cells and involvement of the lamina cribrosa 

with or without extension beyond it. 

 

The collected data were analyzed using SPSS version 

25.0. The Shapiro–Wilk test was applied to assess 

normality of data. Age and duration of symptoms 

were presented as mean and standard deviation or 

median with interquartile range, while gender, side 

affected, and optic nerve invasion on MRI and 

histopathology were presented as frequencies and 

percentages. A 2×2 contingency table was used to 

calculate sensitivity, specificity, positive predictive 

value, negative predictive value, and diagnostic 

accuracy of MRI in detecting optic nerve invasion, 

taking histopathology as the gold standard. Receiver 

operating characteristic (ROC) curve and likelihood 

ratios were also calculated. Effect modifiers including 

age, gender, duration of symptoms, and side affected 

were controlled through stratification, and post-

stratification diagnostic accuracy was determined. 

The chi-square test was applied, and a p-value of ≤0.05 

was considered statistically significant. 

 

RESULTS 
The mean age of the study participants was 5.41 ± 2.83 years, with a median age of 5.0 years (IQR = 5.0), ranging 

from 1 to 10 years. The majority of patients were aged ≤5 years (66.2%), while 33.8% were older than 5 years. There 

was a slight male predominance with 56.8% males and 43.2% females. Most patients had a duration of symptoms 

≤3 months (64.7%), whereas 35.3% had symptoms for more than 3 months. Regarding laterality, the right eye was 

more commonly affected (59.7%) compared to the left eye (40.3%), as given in Table 1

. 

Table 1: Demographic and Clinical Characteristics of Study Participants (n = 139) 

Variable Parameters Frequency (%) / 

Mean ± SD 

Age Mean ± SD 5.41 ± 2.83 

Median (IQR) 5.0 (5.0) 

Min – Max 1 – 10 

 ≤5 years 92 (66.2%) 

 >5 years 47 (33.8%) 

Gender  Male 79 (56.8%) 

 Female 60 (43.2%) 

Duration of 

symptoms 

 ≤3 months 90 (64.7%) 

 >3 months 49 (35.3%) 

Side affected  Right 83 (59.7%) 

 Left 56 (40.3%) 

 
Optic nerve invasion was detected on MRI in 48.9% of patients, while 51.1% showed no evidence of invasion. On 

histopathological examination, optic nerve invasion was present in 43.2% of cases and absent in 56.8% of patients, 

as given in Table 2. 

 

Table 2: Frequency of Optic Nerve Invasion on MRI and Histopathology (n = 139) 

Variable Parameter Frequency  

(%) 

Optic nerve invasion  

on MRI 

 Present 68 (48.9%) 

 Absent 71 (51.1%) 

Optic nerve invasion o 

n Histopathology 

 Present 60 (43.2%) 

 Absent 79 (56.8%) 

 

Among patients with absent MRI findings, 85.9% had no optic nerve invasion on histopathology, while 14.1% were 

found to have invasion. In contrast, among those with positive MRI findings, 73.5% had confirmed optic nerve 

invasion on histopathology, whereas 26.5% did not. Overall, histopathology showed optic nerve invasion in 43.2% 

of patients and absence in 56.8% of cases, as given in Table 3. 

 

 

Table 3: Comparison of MRI Findings with Histopathology (2×2 Contingency Table) (n = 139) 
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MRI Histopathology  

Absent 

Histopathology  

Present 

Total 

MRI Absent 61 (85.9%) 10 (14.1%) 71 (100.0%) 

MRI Present 18 (26.5%) 50 (73.5%) 68 (100.0%) 

Total 79 (56.8%) 60 (43.2%) 139 (100.0%) 

Magnetic resonance imaging demonstrated a sensitivity of 83.3% and a specificity of 77.2% in detecting optic nerve 

invasion. The positive predictive value was 73.5%, while the negative predictive value was 85.9%. The overall 

diagnostic accuracy of MRI was found to be 79.9%, as given in Table 4. 

 

Table 4: Diagnostic Accuracy of MRI in Detecting Optic Nerve Invasion 

Parameter Value (%) 

Sensitivity (a / a+c) 83.3% 

Specificity (d / b+d) 77.2% 

Positive Predictive Value (a / a+b) 73.5% 

Negative Predictive Value (d / c+d) 85.9% 

Diagnostic Accuracy ((a+d) / total) 79.9% 

 

Stratified analysis showed that in patients aged ≤5 years, MRI demonstrated a sensitivity of 79.5%, specificity of 

77.4%, and diagnostic accuracy of 78.3%, while in those aged >5 years, sensitivity increased to 90.5% with a 

diagnostic accuracy of 83.0%. Among males, MRI showed a sensitivity of 82.2% and accuracy of 78.5%, whereas in 

females, sensitivity was 86.7% with a higher accuracy of 81.7%. Regarding duration of symptoms, patients with ≤3 

months duration had a sensitivity of 84.6% and accuracy of 81.1%, while those with >3 months duration showed 

slightly lower sensitivity (81.0%) and accuracy (77.6%). All associations were statistically significant (p < 0.001), as 

given in Table 5. 

 

Table 5: Stratified diagnostic accuracy of MRI by age, gender, and duration using histopathology as gold 

standard (n = 139) 

Variable Category MRI Absent 

(Histo Present) 

n(%) 

MRI Present 

(Histo Present) 

n(%) 

Sens 

(%) 

Spec 

(%) 

PPV 

(%) 

NPV 

(%) 

Acc 

(%) 

p-

value 

Age 

Group 

≤5 years 8 (16.3) 31 (72.1) 79.5 77.4 72.1 83.7 78.3 <0.001 

>5 years 2 (9.1) 19 (76.0) 90.5 76.9 76.0 90.9 83.0 <0.001 

Gender Male 8 (24.2) 37 (80.4) 82.2 73.5 80.4 75.8 78.5 <0.001 

Female 2 (5.3) 13 (59.1) 86.7 80.0 59.1 94.7 81.7 <0.001 

Duration ≤3 

months 

6 (13.0) 33 (75.0) 84.6 78.4 75.0 87.0 81.1 <0.001 

>3 

months 

4 (16.0) 17 (70.8) 81.0 75.0 70.8 84.0 77.6 <0.001 

Sens = Sensitivity; Spec = Specificity; PPV = Positive Predictive Value; NPV = Negative Predictive Value; Acc 

= Diagnostic Accuracy. 
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Figure 1: Receiver Operating Characteristic (ROC) Curve Analysis of MRI in Detecting Optic Nerve Invasion 

 
ROC curve analysis demonstrated an area under the 

curve (AUC) of 0.803, indicating good diagnostic 

performance of magnetic resonance imaging in 

detecting optic nerve invasion in retinoblastoma 

patients. This suggests that MRI has a strong ability to 

correctly differentiate between patients with and 

without optic nerve invasion as given in figure 1. 

 

DISCUSSION  
 

Optic nerve invasion is a critical prognostic factor, 

associated with increased risk of metastasis and poor 

survival outcomes. Early and accurate detection of 

optic nerve involvement is essential for appropriate 

treatment planning.13 Magnetic resonance imaging 

(MRI) offers a non-invasive method with excellent 

soft tissue contrast for preoperative evaluation.14 

Therefore, assessing the diagnostic accuracy of MRI 

in detecting optic nerve invasion is of clinical 

importance. 

 

In In the present study, magnetic resonance imaging 

demonstrated a sensitivity of 83.3%, specificity of 

77.2%, positive predictive value of 73.5%, negative 

predictive value of 85.9%, and an overall diagnostic 

accuracy of 79.9% in detecting optic nerve invasion in 

retinoblastoma patients. These findings are 

comparable with previously reported studies, 

although variations exist across different settings. 

Usha et al. (2019) reported a sensitivity of 40%, 

specificity of 93.55%, PPV of 66.67%, and NPV of 

82.86% for MRI, indicating significantly lower 

sensitivity but higher specificity compared to the 

present study, suggesting that MRI in their cohort was 

more reliable in confirming absence of disease rather 

than detecting true positive cases.15 

Similarly, Kim et al. (2019) also reported a low 

sensitivity of 40% and high specificity of 93.55%, with 

PPV of 66.67% and NPV of 82.86%, findings closely 

aligned with Usha et al., but in contrast to the present 

study which demonstrated markedly improved 

sensitivity with relatively balanced specificity.15,17 

Habib et al. (2020) reported sensitivity and specificity 

of 85.2% and 87%, respectively, along with PPV of 

85%, NPV of 87%, and accuracy of 86.2%, which are 

closely comparable to the present findings, 

particularly in terms of sensitivity, although their 

specificity and overall accuracy were slightly 

higher.20 

 

Abusayf et al. (2020) observed a sensitivity of 88.9%, 

specificity of 72.4%, PPV of 50%, NPV of 95.5%, and 

accuracy of 63.3%, showing higher sensitivity but 

lower specificity and accuracy compared to the 

present study.16 Wiwatwongwana et al. (2021) 

reported a sensitivity of 77.8% and specificity of 100%, 

demonstrating slightly lower sensitivity but higher 

specificity than the present findings.18 

Surukrattanaskul et al. (2022) documented a 

sensitivity of 75% and specificity of 54%, both of 

which are lower than those observed in the present 

study, indicating comparatively better diagnostic 

performance in our cohort.19 More recently, Kheir et 

al. (2025) reported a sensitivity of 66.7% and 

specificity of 71.1%, with a high NPV of 96.9% but a 

very low PPV of 13.3%; in comparison, the present 

study showed higher sensitivity, specificity, and PPV, 

reflecting improved diagnostic balance.21 

 

Overall, the findings of the present study demonstrate 

that MRI provides good and balanced diagnostic 

accuracy for detecting optic nerve invasion, with 
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higher sensitivity than several earlier studies and 

comparable results to more recent literature, 

supporting its role as a reliable imaging modality in 

the evaluation of retinoblastoma. 

 

Study Limitations  

This was a single-center study, which may limit 

generalizability of results. The use of a relatively small 

sample size may affect the robustness of findings. 

Additionally, MRI interpretation was operator-

dependent, which could introduce observer bias. 

 

CONCLUSION  
 

MRI demonstrated good diagnostic accuracy in 

detecting optic nerve invasion in retinoblastoma 

patients. It can serve as a reliable non-invasive tool for 

preoperative assessment. Its use may aid in early 

decision-making and improve patient management 

outcomes. 
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