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ABSTRACT

Purpose • Orbital tumor recurrence is a rare but serious complication in children with 
retinoblastoma leading to a high risk of metastasis and death. Therefore, we assume that 
these recurrences have to be detected and treated as early as possible. Preliminary studies 
used magnetic resonance imaging (MRI) to evaluate post-surgical findings in the orbit. 
In this study we assessed the diagnostic accuracy of high-resolution MRI to detect orbital 
tumor recurrence in children with retinoblastoma in a large study cohort.

Design • Consecutive retrospective study (2007-2013) assessing MRI findings after 
enucleation.

Subjects • MR examinations (n=103) of 55 orbits (50 children, 27 male, 23 female, mean 
age 16.3±12.4 months) with a median time of 8 months (range 0-93) after enucleation for 
retinoblastoma. 

Methods • High-resolution MRI using orbital surface coils was performed on a 1.5 Tesla 
MR scanner to assess abnormal orbital findings.

Main outcome measures • Five European experts in retinoblastoma imaging evaluated 
the MR examinations in groups of three regarding the presence of abnormal orbital 
gadolinium enhancement and judged them as “definitive tumor”, “suspicious of tumor”, 
“post-surgical condition/scar formation” or “without pathological findings”. The findings 
were correlated to histopathology (if available), MRI and clinical follow-up. 

Results • Abnormal orbital enhancement was a common finding after enucleation (100% 
in the first three months after enucleation, 64.3% above three years after enucleation). All 
histopathologically confirmed tumor recurrences in 3 out of 55 orbits (5.5%) were correctly 
judged as “definitive tumor” in MRI. Two orbits from two children rated as “suspicious of 
tumor” received intravenous chemotherapy without histopathological confirmation; further 
follow-up (67 and 47 month) revealed no sign of tumor recurrence. In 90.2% no tumor was 
suspected on MRI, which was clinically confirmed during follow-up (median follow-up 
after enucleation 45 months (range 8-126).

Conclusion • high-resolution MRI with orbital surface coils may reliably distinguish 
between common post-surgical contrast enhancement and orbital tumor recurrence, and 
may therefore be a useful tool to evaluate orbital tumor recurrence after enucleation in 
children with retinoblastoma. Therefore, we recommend high-resolution MRI as a potential 
screening tool for the orbit in children with retinoblastoma to exclude tumor recurrence 
especially in high-risk patients within the critical first two years after enucleation.
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INTRODUCTION
rbital tumor recurrence is a rare but serious complication in children with 
retinoblastoma.1 While overall survival increased in children with retinoblastoma 
during the last decades to above 95% due to improved therapeutic options,2 
prognosis of children with orbital tumor recurrence is still poor.1 In a group of 71 

children with orbital tumor recurrence published by Kim et al.1 60 of the 71 children (85%) 
developed metastases and 53 (75%) died from metastatic disease. Therefore, we assume that 
early diagnosis and treatment are crucial especially in this patient group.

Recent guidelines advise to evaluate tumor extension and metastatic risk factors in children 
with untreated retinoblastoma using high-resolution MRI.3 Early studies also applied this 
technique in the post-surgical evaluation of the orbit after enucleation.4 Until now, only 
few small studies exist assessing the potential of MRI in the evaluation of the orbit after 
enucleation, mostly in adult patients and focusing on fibrovascular ingrowth of orbital 
implants.4–6 However, to the best of our knowledge, no study ever evaluated the ability of MRI 
to detect orbital tumor recurrence in children with retinoblastoma. First, we aimed to assess 
the diagnostic potential of high-resolution MRI using orbital surface coils to differentiate 
between common post-surgical findings in the orbit after enucleation and orbital tumor 
recurrence. Second, we evaluated how these post-surgical orbital findings on MRI developed 
over time.

MATERIALS AND METHODS
Institutional Review Board (IRB) / Ethics Committee approval was obtained. Informed 
written consent was obtained in all cases prior to the examination. We performed this study 
according to the STARD (standards for reporting of diagnostic accuracy studies) statement.7

Patients
All orbital MR imaging studies performed between January 2008 and May 2013 in one 
department (University Hospital Essen) were systematically reviewed. Inclusion criteria for 
this retrospective study were: (1) availability of high-resolution MR images using orbital 
surface coils, (2) enucleation prior to MRI with available histopathological results and (3) 
histopathological confirmation of retinoblastoma.  A total of 103 examinations of 55 orbits (50 
patients, 27 male/23 female) met the inclusion criteria. 

MR Imaging
MRI studies were performed on 1.5T MR systems (Magnetom Aera [n=71 examinations], 
Magnetom Avanto [n=24 examinations] or Magnetom Symphony [n=8 examinations], 
Siemens Healthcare, Erlangen, Germany). The same 1-channel linear polarized orbital surface 
coil (diameter of 4 cm) focusing on the evaluated orbit was used in all examinations for signal 
reception to achieve high-resolution imaging of the orbit. Since June 2010 a second identical 
orbital surface coil was added for the other eye, and both orbits were examined with two 
orbital surface coils simultaneously. A standard adult-sized head coil (16-channel head and 
4-channel neck) was added for brain MR imaging.

High-resolution imaging was defined as voxel size of less than 0.5×0.5×2 mm3, the voxel size 
of the included examinations, was 0.21×0.21×2 mm3 after interpolation. High-resolution 
T2-weighted and T1-weighted images prior and after the administration of contrast agent 

O
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in transversal and parasagittal 
orientation were available in all 
children. Sequences changed slightly 
over time due to the use of different 
MR scanners and an improvement 
of MR sequences. Representative 
sequence parameters are shown 
in table 1. A dose of 0.1 mmol/
kg body weight of gadolinium 
chelate (gadoterate dimeglumine, 

Dotarem, Guerbet, Roissy Charles-de-Gaulle Cedex, France) was injected intravenously. All 
examinations were performed under general anesthesia.

Data analysis
Retrospectively, five radiologists experienced in retinoblastoma imaging from five different 
European centers (Essen, Amsterdam, Paris, Siena and Lausanne) and involved in 
retinoblastoma care (each with more than 10 years’ of experience) independently analyzed the 
data sets  in varying groups of three observers on dedicated post-processing workstations. The 
radiologists were blinded for clinical and histopathological data. Data sets were reviewed in 
random order. 

Image quality of all high-resolution sequences of the orbit was scored using a 3-point scale 
(1: insufficient, 2: acceptable and 3: excellent). Overall image quality was defined as the 
mean score of all evaluated sequences by all observers. Only examinations with an overall 
image quality above 2 were further evaluated. Further evaluation included the recording of 
abnormal orbital contrast enhancement on the post-gadolinium T1-weighted images and 
further classification as pathologic enhancement of (1) the optic nerve, (2) meningeal sheath 
of the optic nerve and (3) other orbital enhancement. Each examination was classified into 
(1) without pathologic findings, (2) post-surgical condition/scar formation, (3) suspicious of 
tumor and (4) definitive tumor. Findings were rated “definitive tumor” in cases with clearly 
definable masses with enhancement in the orbit. The classification “suspicious of tumor” was 
used in cases with suspicious enhancing masses but still considering the differential diagnosis 
of only postoperative enhancement and “post-surgical condition/scar formation” in cases 
where the reader judges the enhancement as only due to postsurgical changes in the orbit 
without the suspicion of tumor. Finally, a proposal for follow-up was made (1: no follow-
up necessary, 2: follow-up and 3: biopsy/operation).  A consensus read out was performed 
for each of the points of these 
evaluations.

Histopathological analysis
Retinoblastoma was 
histopathologically confirmed in all 
children. Risk factors for metastases/
orbital tumor recurrence of the 
enucleated eyes were classified 
according the seventh edition 
American Joint Commission on 
Cancer histologic TNM staging 

Table 1. Representative MR sequences and sequence parameters 
Sequence Orientation Fat 

saturation
TR 
(ms)

TE 
(ms)

ST 
(mm)

FOV 
(mm)

Base/phase 
resolution

T1 SE transverse No 668 16 2         109 512/50

T2 TSE transverse No 6020 153 2         109 512/50

T1 SE* transverse No 568 16 2         109 512/50

T1 SE* transverse Yes 668 16 2         109 512/50

T1 SE* parasagittal No 569 23 2         109 512/50

TR = repetition time, TE = echo time, ST = slice thickness, FOV = field 
of view, SE = spin echo, TSE = turbo spin echo. 
*After the administration of contrast agent.

Table 2. Histopathological results of the 55 enucleated eyes 
Histopathological findings Sample size Percentage

Any optic nerve infiltration 23 41.8

Prelaminar optic nerve infiltration 11 20.0

Laminar optic nerve infiltration 2 3.6

Postlaminar optic nerve infiltration 10 18.2

Involvement of the cut off end of the optic nerve 1 1.8

Choroidal invasion 9 16.4

Focal choroidal invasion 3 5.5

Massive choroidal invasion 6 10.9

Scleral invasion 1 1.8

Orbital fat invasion 1 1.8
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system for retinoblastoma (postlaminar optic 
nerve infiltration, focal/massive choroidal 
invasion, scleral invasion and orbital fat 
invasion). A separate analysis was performed 
for the optic nerve to assess, if the cut end of 
the optic nerve was infiltrated by tumor cells. 
Additionally, the surgical or biopsy samples of 
all cases with suspected orbital recurrence of 
retinoblastoma were evaluated to confirm the 
diagnosis.

Reference standard
The reference standard of tumor recurrence was a combination of clinical follow-up by 
ophthalmologists experienced in retinoblastoma care and histopathologic proof of the 
detected tumor recurrence. We also performed sensitivity analysis by including only cases 
with at least 24 months after enucleation. For inspection, the prosthesis (if present) was 
removed and conjunctiva and orbit were checked for any suspicious alteration. The surgical 
or biopsy samples of all samples with suspected orbital recurrence of retinoblastoma were 
histopathologically evaluated to confirm the diagnosis.

Statistical analysis
Student’s t-test for independent samples was used to compare image quality subgroups. 
Sensitivity and specificity are presented with their respective exact 95% confidence intervals 
(CI). Logistic regression analyses on enhancement and the time between enucleation and MRI 
were performed at individual eye level assuming independence between two orbits from the 
same patients and at an individual examination level to increase the sample size (correcting 
for significant variables from the per-eye analyses).  On a ‘per-examination’ level we calculated 
the diagnostic accuracy of high-resolution MRI to detect tumor recurrence. We classified 
“without pathologic findings” and “post-surgical condition/scar formation” as a negative 
and “definitive tumor” und “suspicious of tumor” as a positive test. Of the two examinations 
classified as “suspicious of tumor”, there was no histopathologic or clinical proof of tumor 
recurrence. However, they were treated with adjuvant chemotherapy which might have 
treated the (residual) tumor recurrence successfully; we, therefore, calculated sensitivity and 
specificity for two scenarios: “suspicious of tumor” as true positives (scenario 1) and as false 
positives (scenario 2). All statistical calculations were performed using the Statistical Package 
for the Social Sciences Software Package (SPSS Statistics, version 22). 

RESULTS
Unilateral disease was diagnosed in 13 (26.0%), bilateral in 37 (74.0%) of the 50 children. 
Median age at enucleation of the first eye was 14 months (range 0 to 51; n=50), of the second 
eye 24 months (range 4 to 38; n=5). Median time between enucleation and first follow-up 
MRI was 8 months (range 0 to 93). Of the 103 MRI examinations 12 (11.7%) were performed 
within the first three months after enucleation, 19 (18.4%) 4-6 months, 19 (18.4%) between 
7-12 months, 28 (27.2%) between one and two years, 11 (10.7%) between two and three years 
and 14 (13.6%) more than three years after enucleation. The results of the histopathological 
evaluation of the 55 enucleated eyes are shown in table 2. Adjuvant chemotherapy was 

Table 3. Overall image quality per year of examination
Year Sample size Image quality (mean ± SD)

2008 5 2.2 ± 0.3

2009 4 2.3 ± 0.7

2010 18 2.1 ± 0.8*

2011 37 2.8 ± 0.3*

2012 35 2.8 ± 0.3

2013 4 2.6 ± 0.2

SD = standard deviation. 
*Image quality significantly increased from 2010 to 
2011 (P<0.001).
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performed in 8 of the 10 patients with postlaminar optic nerve infiltration including the 
patient with involvement of the cut off end of the optic nerve (in 7 patients according to the 
retinoblastoma chemotherapy protocol in our hospital (8), in one patient extern). The patient 
with involvement of the cut off end of the optic nerve received additional radiation therapy of 
the orbit.

Image quality
The mean score for overall image quality was 2.6 (SD 0.5). A statistically significant increase 
of the image quality was noticed between 2010 and 2011 coinciding with the moment when 
a second orbital surface coil for the fellow eye was introduced (p<0.001, table 3). In seven 
examinations of four children overall image quality received a score of less than two, and these 
examinations were therefore excluded for further evaluation. 

Abnormal orbital contrast enhancement
Abnormal orbital contrast enhancement was noted 
in 69.8% (67/96) of all follow-up examinations (100% 
(10/10) in the examinations performed within 3 
months, 87.5% (14/16) 3-6 months, 83.3% (15/18) 
6-11 months, 48.1% (13/27) 12-23 months, 54.5% 
(6/11) 24-35 months and  64.3% (9/14) above three 
years after enucleation, see figure 1). Divided into 
the subclassifications, rates of 43.8% (42/96), 27.1% 
(26/96) and 54.2% (52/96) were detected for abnormal 
contrast enhancement of the optic nerve, of the 
meningeal sheath of the optic nerve and in other 
orbital locations over the whole time, respectively. 
Abnormal enhancement of the optic nerve decreased 

over time from 70% in the first 3 months to only 7% more than three years after enucleation 
and meningeal sheath enhancement decreased from 40% to 0% in the same time frame, see 
figure 2. The rate of abnormal enhancement in other orbital locations decreased from 90.0% 
of the examinations in the first 3 months to 33.3% in the second year after enucleation and 
increased again to 57.1% more than 3 years after enucleation (figure 2). Typical findings of 
abnormal orbital contrast enhancement are shown in figure 3. Logistic regression analysis 
of abnormal orbital contrast enhancement showed that for optic nerve and meningeal 
sheath enhancement the time between enucleation and MRI and histopathologically proven 

Figure 2. Presence of abnormal enhancement of the optic nerve, the meningeal sheath of the optic nerve and 
other orbital locations in different time intervals after enucleation (in parenthesis number of MR examinations).

0-3 month (10)

4-6 months (16)

7-12 months (18)

1-2 years (27)

2-3 years (11)

> 3 years (14)

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

NoEnhancement: Optic nerve Other orbital locationsMeningeal sheath

Figure 1. Presence of abnormal orbital contrast 
enhancement at different time intervals after 
enucleation (in parenthesis number of MR 
examinations).

0% 20% 40% 60% 80% 100%

0-3 month (10)

4-6 months (16)

7-12 months (18)

1-2 years (27)

2-3 years (11)

> 3 years (14)

NoEnhancement: Yes
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postlaminar optic nerve invasion are significant 
predictors on a per-eye basis (table 4). On a per-scan 
basis (i.e., a larger sample size) the effect of time 
on the reduction of contrast enhancement shows 
comparable results, but with lower P values (table 
5). As histopathologically proven postlaminar optic 
nerve invasion was a significant predictor in logistic 
regression on a per-eye basis, we corrected for this 
in the per-scan analysis; correction for this did not 
change the results, suggesting that indeed the time 
between enucleation and MRI best explains optic nerve 
enhancement on MRI. 

Judgment of findings
In three examinations of three children (3 of 50 
children [6%], 3 of 55 orbits [5.5%]) the findings 
were rated “definitive tumor”. The tumor recurrence 
was noticed 5 (patient 1, figure 4), 8 (patient 2) and 
17 months (patient 3, figure 5) after enucleation, 
respectively. In all three children the tumor recurrence 
was histopathologically confirmed after biopsy (patients 
1 and 3) or surgery (patient 2). In two of the three 
patients (patients 1 and 2) MRI was performed because 
of problems with the prosthesis leading to the clinical 
suspicion of orbital tumor recurrence, in  one patient 
(patient 3) orbital tumor recurrence was detected on a 
routine scan without clinical conspicuity. Orbital tumor 
recurrence was limited to the orbit in two patients 
(patient 1, patient 2), whereas it extended through 
the optic canal to the anterior cranial fossa in patient 
3. Risk factors for metastases/local tumor recurrence 
were detected in all enucleated eyes with orbital tumor 
recurrence (n=2 postlaminar optic nerve infiltration 
without cut-end invasion, n=1 postlaminar optic nerve 
infiltration and massive choroidal invasion). Only patient 3 (but not patients 1 and 2) received 
adjuvant chemotherapy after the identification of the histopathologic risk factors.

Two orbits of two children were rated “suspicious of tumor”. One of the two examinations was 
the first follow-up of patient 1 (figure 4). Both children received chemotherapy. Follow-up 
examinations of 67 months (patient 1: 37 months follow-up with MRI and 67 months clinical 
follow-up, until 73 months after enucleation) or 47 months (patient 4: 25 months follow-up 
with MRI and 47 months clinical follow-up, until 51 months after enucleation) were available 
with no further sign of orbital tumor manifestation. 

The MR findings of the patients rated as “definitive tumor” and “suspicious of tumor” are 
shown in table 6.

Figure 3. Typical findings of abnormal orbital 
contrast enhancement. Abnormal contrast 
enhancement of (a) the optic nerve (arrows) 
of both eyes after bilateral enucleation, (b) 
the optic nerve (arrow) and the meningeal 
sheath of the optic nerve (arrow head) and (c) 
diffuse enhancement in the orbital fat (arrow) 
classified as abnormal enhancement in other 
orbital locations.
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In 91 of the 96 
examinations (51 orbits 
from 46 patients, 90.2% 
of the children) no 
recurrence of tumor 
was suspected (n=18 
“without pathological 
findings”, n=73 “post-
surgical condition/scar 
formation”). Clinical 
follow-up was available 
for all orbits (at least 
for 12 months: 98.0% 
(50/51), at least 24 
months: 90.2% (46/51) 
after enucleation without 

suspicion of orbital tumor recurrence). During a median follow-up of 30.0 months (range 
5 to 70) after the initial MRI examination until 45.0 months (median, range 8 to 126) after 
enucleation, no clinical suspicion of orbital tumor recurrence occurred. 

Overall diagnostic accuracy to detect tumor recurrences
Classifying “suspicious of tumor” as true positives we calculated a sensitivity of 100% (95% CI 
48–100%) and a specificity of 100% (95% CI 96–100%); classified as false positives we found a 
sensitivity of 100% (95% CI 29–100%) and a specificity of 98% (95% CI 92–100%), see table 7.

Figure 4. Contrast enhanced T1-weighted MR images of patient 1. Orbital tumor 
recurrence (arrow) was correctly rated as “definitive tumor” on the first scan 5 
months after enucleation (a). 6 months later after biopsy and chemotherapy there 
was still a visible enhancing mass, rated as “suspicious of tumor” (b, arrow head). 
Later follow-ups until 42 months after enucleation (c) were rated “postsurgical 
condition/scar formation” without suspicion of tumor recurrence.

Table 4. Univariable logistic regression analysis of post-enucleation enhancement at individual orbit level
Abnormal 
enhancement of*:

Predictor Unit or 
category

Odds ratio (CI) P value Nagelkerke R2

Optic nerve (n=55, 
events=23)

Time from enucleation to MRI: per month 0.924 (0.865–0.987) 0.018 0.22

Time from enucleation to MRI§: per month 0.910 (0.839–0.988) 0.024 0.25

Age at enucleation: month 1.038 (0.991–1.087) 0.11 0.064

Postlaminar optic nerve invasion‡: yes 8.000 (1.508–42.448) 0.015 0.17

Massive choroidal invasion‡: yes 8.611 (0.931–79.619) 0.058 0.12

Laterality: bilateral 0.527 (0.150–1.852) 0.32 0.024

Meningeal sheath 
(n=55 events=15

Time from enucleation to MRI: per month 0.914 (0.838–0.996) 0.041 0.19

Time from enucleation to MRI§: per month 0.845 (0.715–0.999) 0.049 0.29

Age at enucleation: month 1.017 (0.970–1.067) 0.48 0.013

Postlaminar optic nerve invasion‡: yes 10.792 (2.283–51.021) 0.0027 0.24

Massive choroidal invasion‡: yes 3.083 (0.548–17.352) 0.20 0.041

Laterality: bilateral 0.318 (0.085–1.187) 0.088 0.074

Other orbital 
locations (n=55, 
events=29)

Time from enucleation to MRI: per month 0.962 (0.924–1.003) 0.068 0.10

Time from enucleation to MRI§: per month 0.967 (0.928–1.007) 0.11 0.092

Age at enucleation: month 1.027 (0.981–1.075) 0.25 0.033

Postlaminar optic nerve invasion‡: yes 4.571 (0.872–23.958) 0.072 0.091

Massive choroidal invasion‡: yes 5.208 (0.566–47.902) 0.14 0.066

Laterality: bilateral 1.412 (0.405–4.921) 0.59 0.0071

CI = 95% confidence interval. 
*Dependent variable; events are cases with abnormal enhancement. 
§Excluding the 3 orbits with tumor recurrence and sufficient follow-up was defined as at least 24 months of 
clinical follow-up after enucleation..
‡Proven tumor invasion based on histopathologic analysis of the enucleated eye.
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Proposal for follow-up
A proposal on how to proceed after a certain radiological finding (e.g., further follow-up) was 
made for every examination. Due to non-suspicious findings no follow-up was suggested in 
72 (75.0%) examinations. Follow-up was proposed in 21 (21.9%) examinations in order to 
determine the stability or decrease of abnormal orbital contrast enhancement. In the three 
patients with the rating “definitive tumor” biopsy or surgery was recommended.

MRI follow-up
Repeated MRI examinations were performed in 23 orbits (20 patients). In 16 orbits the 
findings were consistently rated “post-surgical condition/scar formation”, in one eye 
consistently “without pathological findings”. In four orbits the findings were first rated “post-
surgical condition/scar formation”, and afterwards “without pathological findings”. In another 
eye, the findings were first rated “definitive tumor”, after that “suspicious of tumor” and finally 
“post-surgical condition/scar formation”, and in the last eye first “suspicious of tumor” and 
after that “post-surgical condition/scar formation”.

Figure 5. Histopathological confirmed orbital tumor recurrence in a 41-month-old boy (patient 3) imaged 17 
months after enucleation correctly rated as “definitive tumor” by MRI. A solid mass is present at the cut of end 
of the optic nerve (arrow) with enlargement and abnormal enhancement of the optic nerve (arrow head) in T1-
weighted images prior to (a) and after the administration of contrast agent (c) transversal with fat saturation, d) 
parasagittal without fat saturation) and corresponding T2-weighted images (b).
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DISCUSSION
Orbital tumor recurrence is a rare but serious complication in children with retinoblastoma. 
Prior studies have shown that these children have a high risk for metastasis and for death due 
to metastatic retinoblastoma.1 Therefore, we assume that a reliable and early diagnosis and 
treatment of orbital tumor recurrence is crucial in these children.

To the best of our 
knowledge, no study 
ever evaluated the 
ability of MRI to detect 
orbital tumor recurrence 
of retinoblastoma after 
enucleation. In our 
study all three children 

with histopathologically confirmed orbital tumor recurrence were correctly identified 
on MRI and sufficient clinical follow-up of at least 24 months was available in most of the 
children with to be able to safely exclude an orbital recurrence on MRI. In the study of Kim 
et al.1 all 71 children with orbital tumor recurrence presented within the first two years after 
enucleation, approximately 97% of the children within the initial 12 months. Ellsworth et al.9 
and Hungerford et al.10 also reported a short interval between enucleation and orbital tumor 
recurrence. Our findings support their data (recurrences after 5, 8 and 17 months). In the 
two children rated as “suspicious of tumor” a successful response to chemotherapy cannot 
be distinguished from false positive findings. Diagnostic accuracy for the detection of orbital 
tumor recurrence was excellent with narrow confidence interval for specificity and negative 
predictive value for both scenarios.  Altogether, we showed in this study that high-resolution 
MRI is a reliable tool to detect and to exclude orbital tumor recurrence in children with 
retinoblastoma after enucleation.

The presence of risk factors for metastases/local tumor recurrence such as postlaminar optic 
nerve infiltration, 
massive choroidal 
invasion and scleral 
invasion in the 
histopathological 
evaluation after 
enucleation increases 
the risk of recurrent or 
metastatic disease.11–15 

In our patient group 
at least one risk factor 
was present in all 
children with orbital 
tumor recurrence. In 
accordance with our 
findings, Kim et al.1 also 
found the presence of 
metastatic risk factors 

Table 5. Logistic regression analysis of post-enucleation enhancement at individual 
examination level for time between enucleation and MR examination

Abnormal enhancement of*: Odds ratio, per month (CI) P value Nagelkerke R2

Optic nerve (n=96, events=42) 0.931 (0.894–0.970) 0.00065 0.22

0.932 (0.895–0.971)† 0,00073 0.24

Meningeal sheath  (n=96 events=26) 0.936 (0.891–0.983) 0.0076 0.16

0.938 (0.894–0.984)† 0,0091 0.19

Other orbital locations (n=96, events=52) 0.978 (0.952–1.004) 0.090 0.042

Only scans of orbits with sufficient follow-up¶ and without scans of proven orbital recurrence (n=86):

Optic nerve (events=35) 0.931 (0.892–0.972) 0.0010 0.23

0.932 (0.893–0.973)† 0.0012 0.24

Meningeal sheath  (events=19) 0.928 (0.877–0.984) 0.012 0.17

0.931 (0.880–0.985)† 0.014 0.20

Other orbital locations (events=44) 0.981 (0.956–1.008) 0.16 0.032

CI = 95% confidence interval. 
*Events are cases with abnormal enhancement.  
†Corrected for histopathologically proven postlaminar optic nerve invasion in 
multivariable analysis. 
¶Sufficient follow-up was defined as 24 or more months of clinical follow-up after 
enucleation.

High-resolution MRI can reliably distinguish 
between contrast enhancement due to post-
surgical findings or scar formations and contrast 
enhancement due to tumor recurrence. ”‘‘
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in most of the cases 
with orbital recurrence. 
This underlines the 
importance of a close 
follow-up of the patients 
with the presence of risk 
factors for metastases/
local tumor recurrences 
in the histopathological 
evaluation after enucleation or clinical conspicuities.

Only one of the three patients with orbital tumor recurrence received adjuvant chemotherapy 
(externally performed) after the diagnosis of histopathologic risk factors. In all other 7 
children with histopathologically confirmed postlaminar optic nerve infiltration, including 
the patient with involvement of the cut off end of the optic nerve, that were all treated in 
our hospital with standardized adjuvant polychemotherapy,8 no orbital tumor recurrence 
was detected. Although the number of patients with postlaminar optic nerve infiltration 
is low, this aspect underlines the importance of adjuvant chemotherapy in patients with 
histopathological proven postlaminar optic nerve infiltration in conformity with prior 
studies.8,16 The role of MRI follow-up in children without any risk of recurrent or metastatic 
disease remains discussible. In our study we found no orbital tumor recurrence without any 
histopathologic risk factor. However, in the study group of Kim et al.1 Eleven patients had 
orbital tumor recurrence even without evidence of optic nerve infiltration, choroidal or scleral 
invasion. Therefore, further evaluations are necessary to clarify this aspect.

High-resolution MRI using orbit coils is the imaging modality of choice for the evaluation 
of retinoblastoma according to recent guidelines.3 Early studies also used orbital surface 
coils for orbital imaging in children with retinoblastoma after enucleation.4 High detection 
rates of metastatic risk factors and an excellent image quality have been shown especially for 
high-resolution MRI using two orbital surface coils covering both orbits.17,18 In our study 
a statistically significant increase was noticed of the image quality between 2010 and 2011 
coinciding with the use of two instead of one orbital surface coil. Therefore, we advise to 
use high-resolution MRI with two orbital surface coils for the evaluation of the orbit after 

enucleation in children 
with retinoblastoma.

Abnormal enhancement 
is a typical well-
known finding after 
surgery and in scar 
formations.19,20 In 
our patient group 
abnormal orbital 
contrast enhancement 
was a common finding. 
Enhancement of the 
optic nerve and the 
meningeal sheath of the 

Table 7. Diagnostic accuracy of MRI for the detection of tumor recurrences 
Scenario* TP FN TN FP Sensitivity Specificity PPV NPV

1 5 0 91 0 100 (48–100) 100 (96–100) 100 (48–100) 100 (96–100)

2 3 0 91 2 100 (29–100) 98 (92–100) 60 (15–95) 100 (96–100)

Only scans of patients with sufficient clinical follow-up (n=89)†:

1 5 0 84 0 100 (48–100) 100 (96–100) 100 (48–100) 100 (96–100)

2 3 0 84 2 100 (29–100) 98 (92–100) 60 (15–95) 100 (96–100)

TP = true positives, FN = false negatives, TN = true negatives, FP = false 
positives, PPV = positive predictive value, NPV = negative predictive value. 
Sensitivity, specificity, PPV and NPV are percentages and 95% exact confidence 
intervals are in parentheses. 
*Scenario 1 applies to “suspicious of tumor” classified as a true positive and 
scenario 2 to “suspicious of tumor” classified as a false positive. 
†We defined sufficient clinical follow-up as follows: if there was no 
histopathologically proven recurrence (gold standard), the follow-up had to be 
at least 24 months after enucleation (surrogate reference standard).

Table 6. MR findings of the five examinations judged as “definitive tumor” or 
“suspicious of tumor”

Patient 
No.

Time between MRI 
and enucleation 
(months)

Enhancement 
of optic nerve

Enhancement 
meningeal 
sheath

Enhancement 
other orbital 
locations

Judgement based 
on MRI

1 5 yes yes yes Definitive tumor

1 11 yes yes yes Suspicious of tumor

2 8 yes yes yes Definitive tumor

3 17 yes yes yes Definitive tumor

4 4 yes no yes Suspicious of tumor
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optic nerve decreased over time. In contrast to these findings, enhancement in other orbital 
locations did not decrease as much as enhancement in the other two locations. This might 
be due to complications of the implants like irritations, infections or displacement due to a 
growing orbit with resulting abnormal orbital enhancement. Another possible explanation 
might be the fibrovascular ingrowth of the implants with resulting enhancement.4,5 Regression 
analysis showed that for optic nerve and meningeal sheath enhancement the time between 
enucleation and MRI is a strong predictor. For other orbital locations we found no significant 
effect of time after enucleation and enhancement on MRI. It is crucial to distinguish these 
normal findings in children with retinoblastoma from the abnormal orbital enhancement due 
to orbital tumor recurrence.

The high presence of abnormal orbital enhancement might explain the high percentage of 
recommended follow-up examinations in our study group. Follow-up was suggested in 21.9% 
although most of these examinations were rated “post-surgical condition/scar formation”. A 
follow-up MRI examination simplifies the judgment towards benign (especially in cases with 
decreasing contrast enhancement over time) or malignant (especially in cases with increasing 
contrast enhancement and new enhancing masses) enhancement. Due to the importance of 
an early detection of orbital tumor recurrence with assumingly resulting better treatment 
options in earlier disease stadia, we would suggest MRI screening of high-risk patients with 
histopathological risk factors additional to the clinical follow-up already performed by 
experienced ophthalmologists. We would suggest high-resolution MRI three month after 
enucleation and subsequently every six months (when the first MRI was not suspicious for 
orbital tumor recurrence) within the first two years after enucleation for these patients or 
whenever there is clinical suspicion of orbital tumor recurrence. However, further work-up 
of this aspect in prospective studies is necessary to evaluate the optimal time intervals for the 
MRI evaluation. 

Limitations of our study have to be acknowledged. Major limitations arise from the small 
number of patients with orbital tumor recurrence despite being a retinoblastoma referral 
center and including patients in a time-window of more than five years. Furthermore, we 
only had histopathological proof of those children who underwent surgery or biopsy due 
to the MRI and/or clinical findings. A major limitation arises from the point that the two 
cases rated as “suspicious of tumor” were treated with intravenous chemotherapy without 
histopathological confirmation of the diagnosis. Therefore, it was impossible to distinguish 
between a successful response to chemotherapy and false positive findings on MRI. For all 
other children, there was no histopathology available because the findings did not justify 
biopsy or operation. Therefore, when the gold standard histopathology was unavailable, 
clinical follow-up surved as surrogate gold standard. Additionally, we used a consensus 
reading of European experts in retinoblastoma imaging for the assessment of the MR 
examinations and additional clinical and MRI follow-up. Despite all these efforts we cannot 
exclude that small findings might have been missed due to our study design. Additionally, all 
three patients with local tumor recurrence were not primary treated and enucleated in our 
hospital. Therefore a further work up of the initial clinical and MR pattern of these patients 
cannot be performed. These limitations have to be considered in the interpretation of our 
results. However, despite the retrospective study design and the limited number of patients 
with orbital recurrence our study shows the value of MRI for the detection and exclusion of 
orbital tumor recurrence.
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In conclusion, abnormal contrast enhancement is a common finding after enucleation and 
reduces over time. Furthermore, high-resolution MRI with orbital surface coils can reliably 
distinguish between contrast enhancement due to post-surgical findings or scar formations 
and contrast enhancement due to tumor recurrence, and is therefore a useful tool to evaluate 
orbital tumor recurrence after enucleation in children with retinoblastoma. Earlier diagnosis 
might result in better therapeutic options, which in turn might lead to improved survival. 
Therefore, we recommend using high-resolution MRI more frequently as a screening tool for 
the orbit in children with retinoblastoma to exclude orbital tumor recurrence especially in 
children with an increased risk for orbital tumor recurrence and in the critical first two years 
after enucleation.
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