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Abstract 

Background  To report a case series of patients who were diagnosed with retinoblastoma (RB), which was preceded 
by trauma, in a large multicenter cohort and to investigate the incidence, clinical characteristics, and causes of RB 
misdiagnosis.

Methods  The medical records of consecutive patients with RB between 2006 and 2015 were retrospectively 
reviewed. Characteristics of trauma patients, including their age at initial trauma, site of trauma, sex, and RB laterality, 
were analyzed.

Results  Among 3780 patients, 30 (0.8%) experienced systemic or ocular trauma prior to the detection of RB. The 
median age was 20.7 months, and the median follow-up time was 6 years. There were 2 eyes in stage A, 2 in stage B, 
3 in stage C, 12 in stage D, and 15 in stage E. The remaining 2 eyes had extraocular RB. A total of 20 patients experi-
enced ocular trauma, 9 patients experienced head trauma, and 1 patient experienced trauma in other body parts. RB 
was suspected or detected in 22 patients (73.3%) at the time of primary trauma occurrence, and 8 patients (26.7%) 
were misdiagnosed with RB during their first visit.

Among them, all experienced blunt ocular trauma, and enucleation was performed in 7 patients in which 1 patient 
died.

Conclusions  Less than 1% of the patients experienced systemic or ocular trauma before RB was detected. The major-
ity were unilateral and in advanced stages. Differential diagnoses that are not trauma-related must always be consid-
ered, and comprehensive examinations must be conducted before diagnostic and therapeutic intraocular procedures 
are initiated.

Keywords  Retinoblastoma, Ocular trauma, Pediatrics, CT scan, Metastasis

Background
Ocular injuries account for 8–14% of total injuries in 
children and are the most significant cause of unilat-
eral blindness in children [1]. The annual incidence of 
severe ocular trauma in children has been estimated 
to be around 8.85 to 15.2 per 100,000 [2–5]. Ocular 
trauma presentations include a wide range of signs and 
symptoms, including mild subconjunctival hemorrhage, 
traumatic cataracts, hyphema, vitreous hemorrhage, 
traumatic retinal detachment, and more. Non-com-
pliance with ophthalmic examination and an unreli-
able history from children may potentially increase the 
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difficulty of obtaining an accurate diagnosis, which may 
subsequently delay the initiation of treatment. The man-
agement of trauma patients is complex, especially in 
children, and timely surgery is needed. A comprehen-
sive examination is necessary for children. In some cases, 
situations other than trauma-related ones must also be 
considered.

Retinoblastoma (RB) is the most common intraocular 
malignant tumor in children. The survival rate of children 
with RB has dramatically improved over the years. A high 
survival rate can only be achieved with an accurate diag-
nosis and effective treatment plan [6, 7]. Leukocoria is 
the most common sign of RB [8–10]. Ancillary testing, 
including B-scan ultrasound and computerized tomog-
raphy, is somewhat mandatory when RB is suspected. 
However, RB may also present with unusual signs, such 
as vitreous hemorrhage or inflammation, leading to mis-
diagnosis and inappropriate treatment. Evidently, these 
misleading or masquerading signs, coupled with a defi-
nite trauma history, will inevitably make it more diffi-
cult to accurately diagnose RB. In our clinical practice, 
although patients with RB who first present with trauma 
are relatively not common, the recognition of such situa-
tion remains critical for the following reasons: signs and 
symptoms are often easy to ignore and delayed RB man-
agement is associated with a high risk of extraocular, cen-
tral nervous system, bone marrow, or other metastatic 
diseases.

In this article, we report the primary trauma type, ini-
tial diagnosis/misdiagnosis, clinical presentation, man-
agement, and outcomes of patients who experienced 
trauma before they were diagnosed with RB. We aimed 
to investigate the incidence, clinical characteristics, and 
more significantly, the causes of misdiagnosis contribute 
to the consideration of RB as a differential diagnosis in 
such cases.

Materials and methods
We retrospectively reviewed the medical records of con-
secutive patients with RB between 2006 and 2015 at 29 
Chinese treatment centers over a 10-year period. Patients 
who had experienced trauma before the diagnosis of RB 
were selected and studied in further detail. This study 
adhered to the principles of the Declaration of Helsinki. 
Ethics Committee approval was obtained from Bei-
jing Children’s Hospital. Signed informed consent was 
obtained from all of the children’s parents.

The collected patient data included age at initial trauma 
occurrence, sex (male, female), RB laterality (unilateral, 
bilateral), and heredity (sporadic, familial). The primary 
clinical presentation, diagnosis, and management before 
RB was suspected were also analyzed. Additionally, the 
site of trauma was noted. Intraocular RB staging at the 

time of detection was applied based on the International 
Classification of Intraocular Retinoblastoma (IIRC).[11] 
The interval between trauma occurrence and RB diagno-
sis was also calculated. Histopathological details of the 
enucleated eye were noted. Treatment outcomes (alive/
dead) were recorded. The development of orbital recur-
rence or distant metastasis was recorded during the fol-
low-up period.

For the statistical analyses, we used a statistical soft-
ware package (SPSS version 22.0 IBM-SPSS, Chicago, 
IL). We first described the distribution of the main 
parameters by calculating their median or mean and 
standard deviation. We compared the assessed param-
eters between the two groups using the Student’s t-test 
or Mann–Whitney U test. Frequencies were compared 
using the chi-square test. The enucleation-free survival 
was determined using the Kaplan–Meier method and 
compared using the log-rank test. A P-value of < 0.05 was 
considered to be statistically significant.

Results
The medical records of 3,780 consecutive patients with 
RB from 2006 to 2015 were reviewed. Of these, 36 eyes 
of 30 patients (0.8%) experienced systemic or ocular 
trauma before RB was detected. There were 20 males 
and 10 females, with 24 patients having unilateral RB 
and 6 patients having bilateral RB. The patients also had 
no positive family history for RB. The median age dur-
ing the first visit was 20.7  months, with a range of 4.9 
to 134.3 months (mean: 33.6 months). According to the 
IIRC, 2 eyes belonged to the A group, 2 eyes belonged 
to the B group, 3 eyes belonged to the C group, 12 eyes 
belonged to the D group, and 15 eyes belonged to the E 
group. The other 2 eyes had extraocular RB. Of the 36 
eyes, enucleation was performed in 25 eyes (69.4%), and 
local tumor control was achieved in 11 eyes (30.6%), 
including all eyes (7 eyes) in groups A, B, and C; 3 eyes 
in group D; and 1 eye in group E. During the last follow-
up period, 2 patients (2/30,6.7%) were lost to follow-up, 
while the other 2 patients (6.7%) died of metastasis. The 
remaining 26 patients (86.7%) were able to proceed with 
their follow-up, and the median follow-up interval was 
6.0 years (range, 2–12 years).

Based on the body area involving the trauma, 20 
patients experienced ocular trauma, 9 patients experi-
enced head trauma, and 1 patient experienced trauma 
in other body parts. The clinical characteristics and 
treatment outcomes based on the different body areas 
of the primary trauma are described in Table  1. The 
patients with head trauma and trauma involving other 
parts were grouped together (non-ocular) (10 patients). 
Notably, the patients with ocular trauma (mean 
rank = 18.2 months) were significantly older than those 
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with non-ocular trauma (mean rank = 10.1  months) 
(U = 46, Z = -2.376, P = 0.017). However, RB was more 
likely to be suspected or detected during the first time 
of trauma event in patients with other body traumas 
(100%) than in those with ocular trauma (12 patients, 
60%) (P = 0.029). Among the 10 patients with body 
trauma, 4 children presented with abnormal ocular 
signs, in which 3 eyes had conjunctival hyperemia and 
1 eye showed leukocoria. The interval between trauma 
occurrence and RB diagnosis was seemingly longer in 
patients with ocular trauma, although statistical analy-
sis did not show any significance (U = 74.5, Z = -1.127, 
P = 0.267). Even though there was no difference in the 
proportion of groups D and E between affected eyes 
with ocular trauma and other body trauma (P = 0.103), 
the prevalence of global salvage was much higher in 
eyes with primary head and other body trauma than in 
those with ocular trauma (53.3% vs. 14.3%; P = 0.025). 
Enucleation-free survival in both the ocular and non-
ocular trauma groups is shown in Fig. 1. Kaplan–Meier 
survival analysis demonstrated ocular trauma groups 
had a significant lower enucleation-free survival com-
pared with non-ocular trauma groups (P = 0.008). The 

median time to enucleation in eyes with ocular trauma 
was 41 days.

RB was suspected or detected in 22 patients (28 eyes, 
73.3%) at the time of primary trauma occurrence. All 8 
patients (8 eyes, 26.7%) who were misdiagnosed with 
RB at the first admission suffered from unilateral blunt 
ocular trauma (Table  2). There was no significant dif-
ference in the age and sex between patients with and 
without RB during the first visit (both P > 0.05). Among 
the 8 patients with a missed diagnosis of RB during the 
first time, the median age at diagnosis was 20.9 months 
(range, 5.7 to 150.9  months (mean: 36.5  months). The 
primary diagnosis included hyphemia/vitreous hemor-
rhage in 4 eyes (50%), cataract in 1 eye (12.5%), ocular 
foreign body in 1 eye (12.5%), secondary glaucoma in 
1 eye (12.5%), and strabismus in 1 eye (12.5%). Ocu-
lar surgeries were performed in 5 eyes, in which pars 
plana vitrectomy (PPV) was completed in 3 eyes, and 
anterior chamber puncture and trabeculectomy were 
performed in the other 2 eyes. In the remaining 3 eyes, 
oral medications or topical eye drops were prescribed. 
All patients were diagnosed with unilateral RB in the 
traumatic eye. The median interval between trauma 

Table 1  The comparison of clinical characteristic and treatment outcomes between RB patients with ocular and non-ocular trauma

* : Comparison the proportion of group A, B and C stages and group D, E and extraocular stages between 2 trauma types. **: Comparison the proportion of alive and 
died groups between 2 t trauma types

RB, retinoblastoma; IIRC, International Classification of Intraocular Retinoblastoma

Ocular trauma Non-ocular trauma P value

No.of patients (eyes) 20 (21) 10 (15)

Sex  > 0.99

  Male 13 (65%) 7 (66.7%)

  Female 7 (35%) 3 (33.3%)

  Median age at diagnosis (months) 38.0 12.1 0.017

Laterality 0.009

  Bilateral 1 5

  Unilateral 19 5

  Suspicious/diagnosis of RB at the time of trauma 12 (60%) 10 (100%) 0.029

The interval time between trauma occurrence and RB diagnosis 
(days)

21.5 (0 to 1261) 10.5 (0–28) 0.267

IIRC stage of eyes 0.103*

  A 0 2 (13.3%)

  B 1 (4.8%) 1 (6.7%)

  C 1 (4.8%) 2 (13.3%)

  D 5 (23.8%) 7 (46.7%)

  E 12 (57.1%) 3 (20%)

  Extraocular RB 2 (9.5%) 0

  Global salvage (eyes (%)) 3 (14.3%) 8 (53.3%) 0.025

Status of patients at last visit 0.548**

  Alive 17 (85%) 9 (90%)

  Died 2 (10%) 0

  Lost to follow up 1 (5%) 1 (10%)
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occurrence and RB diagnosis was 3.7  months (range: 
0.5 to 41.4 months). All 8 eyes were in advanced stages 
of RB in D (6 eyes), E (1 eye), and extraocular (1 eye) 
staging, whereas 21 eyes (of 28, 75%) with early detec-
tion of RB were in the severe stage. The difference 
between the two groups did not reach statistical signifi-
cance. Enucleation was performed in 7 eyes (87.5%) and 
local tumor control was achieved in 1 eye (12.5%); thus, 
the prevalence of global salvage was lower than that 
in the group with early detection of RB (35.7%), even 
though the statistical analysis was not significant. One 
patient (12.5%) was lost to follow-up and 1 patient who 
underwent PPV (12.5%) eventually died. The remain-
ing 6 patients (75%) were able to continue with their 
follow-up.

Among the 30 patients, 2 (6.7%) with unilateral RB 
died due to metastasis. Both patients experienced ocu-
lar trauma. One 21-month-old child was diagnosed with 
RB wherein the tumor had invaded the orbit, which was 
confirmed by computerized tomography (CT) scans 
during the time of first admission. Evisceration was 
performed immediately, but the parents refused adju-
vant chemotherapy. The patient died after 5  months. 
Another 6-month-old child who was primarily diagnosed 
with hyphemia and vitreous hemorrhage was treated 
with lensectomy-vitrectomy-silicon oil injection. One 
month after surgery, an elevated intraocular pressure 
was observed, and the affected eye was abnormally pro-
truded. Hence, RB was highly suspected and finally diag-
nosed as stage E. Five months later, metastatic tumors of 
the optic nerve and brain were detected by re-examining 
a CT scan in a referral hospital. However, the child died 
5 months after the affected eye was enucleated.

Discussion
The most common initial ocular manifestation of RB 
reported by parents is leukocoria [8–10]. It is pertinent to 
rule out RB when leukocoria is noted in children. How-
ever, the presenting signs differ markedly depending on 
the extent of ocular involvement when RB is suspected. 
Thus, other less frequent presenting symptoms, which 
are often associated with late diagnosis, should also be 
considered, including painful glaucomatous eyes, hyphe-
mia, hypopyon, and even proptosis due to posterior 
extraocular extension of the tumor in the orbit [8]. The 
diagnosis of RB after comprehensive examination is not 
difficult. However, it becomes challenging and often mis-
leading when children encounter definite ocular or other 
body trauma when RB is less likely to be considered.

In our large cohort consisting of Chinese patients with 
RB, about 1 in 125 children experienced systemic or 
ocular trauma before RB was detected, which was com-
parable with a previous study reported by Chen et  al. 
[12] who found 10 out of 793 RB patients (1.3%) had an 
isolated history of trauma. However, their population 
was only from a single tertiary center, and the number 
is much smaller than what is presented in this study. 
The median age during the first visit after trauma was 
20 months, and the majority of the children (80%) were 
in advanced stages (IIRC group D, E, and extraocular 
RB). It is almost impossible for children who are only 
20  months old to provide accurate details about their 
trauma or any symptoms related to visual impairment. A 
standard eye screening system has not been established 
in most regions of China, especially in the rural areas. 
The lack of routine eye screening for children and the 
poor parental education on the early signs of RB delay 

Fig. 1  Kaplan–Meier survival curve and survival analysis showing enucleation-free survival in both ocular and non-ocular trauma groups
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disease detection until the children are forced to visit the 
hospital due to trauma. In developing countries, pediat-
ric eye injuries are also associated with poor education, 
poor economic conditions, and irresponsible child super-
vision [13]. Visual acuity can be significantly reduced in 
eyes with a rapidly growing tumor, which might be one of 
the reasons for injury in these children. Unilateral disease 
at the time of diagnosis in our study was seen in 80% of 
patients, which is much higher than previously reported 
hospital-based studies involving Asian patients with RB 
[9, 10] and also higher than each group that was graded 
based on their income level among 278 RB treatment 
centers worldwide [14]. As previous studies have shown, 
bilateral cases presented earlier than unilateral ones [10, 
15], because of less advanced tumors were less frequently 
among unilateral cases as compared with bilateral cases. 
Early detection and accurate diagnosis prove to be even 
more challenging when the patient suffers from a definite 
trauma.

Among the 30 children with RB who visited the hospi-
tal because of trauma, not all were suspected of having 
or developing RB at the first time. Unexpectedly, RB was 
detected in all children who suffered from head and other 
body trauma, but in only 60% of the children with ocu-
lar trauma. The high detectability of RB in the pediatric 
clinic is mainly because brain CT scan is usually a routine 
examination for children who encounter brain injuries, 
especially when they fail to cooperate with other physical 
examinations. Besides that, it is reasonable for a pedia-
trician to refer the patients to an ophthalmologist when 
abnormal ocular signs are presented that do not fit the 
body trauma history. However, it is challenging to make 
an accurate diagnosis in children with a definite ocu-
lar trauma history. Common symptoms related to ocu-
lar trauma may mask the signs of RB. In addition, some 
“unnecessary physical examinations” can easily be omit-
ted by ophthalmologists to save time, especially when 
emergency surgery is warranted.

The incidence of pediatric ocular trauma is higher in 
rural areas. However, there is still a lack of qualified oph-
thalmologists who can deal with the complex ocular con-
dition in such local hospitals. Timely referral to a tertiary 
hospital and enhancement of the knowledge about RB 
for local doctors are crucial for not missing an RB diag-
nosis, which can be life-threatening. Even in hospitals 
specializing in ophthalmology, misdiagnosis can occur 
in some complicated cases. For example, in patient No. 
6 (Table 2), the B-scan ultrasound was performed twice 
before PPV. In this case, it presented as a diffuse infil-
trating RB, and no solid masses or calcification were 
detected.

There is wide variation in the global salvage and sur-
vival outcomes of children with RB among different 

studies [9, 10, 14–18]. In a large series of 1457 cases of 
RB from India in which advanced Group D/E tumors 
occupied 73% of intraocular tumors, the global salvage 
rate was 45%, and 5-year and 10-year survival estimates 
reached 90% and 89%, respectively [9]. In another hospi-
tal-based cohort from our group including 436 patients 
from 2013–2016, only 16% of eyes with RB were enucle-
ated (IIRC class was not provided) and the mortality rate 
was 0.9% [10], indicating that with the advance of con-
servative therapy, enucleation was not the only option 
or the major treatment anymore. Another treatment 
center in China also showed that the enucleation rate 
constantly decreased over 10  years [18]. In the present 
study, patients with trauma as the first presentation had a 
relatively lower rate of global salvage (30.6%) and an aver-
age mortality rate (2/28, 7.1%) compared with the above-
mentioned Asian data [9]. The delayed detection of RB 
in children with ocular trauma inevitably delays effective 
treatment and leads to much lower global salvage. Clini-
cians should be aware of the possibility that other than 
trauma-related diagnosis, especially for young children, 
comprehensive examination should always be performed 
before any intraocular procedure is performed. Carefully 
planned PPV and tumor resection can be a safe therapy 
without extraocular spread of tumors for those who are 
against standard treatments [19]. However, unplanned 
intraocular procedures should be avoided in these cases 
until the possibility of underlying RB is excluded [20, 
21]. If surgery is performed in a child with RB, enuclea-
tion combined with chemotherapy, radiotherapy, or both 
without delay is strongly suggested, and most of the chil-
dren can remain a good prognosis.

The potential limitations of this study include the fol-
lowing: In most cases, we needed detailed medical 
records of the first visit to a local hospital, which may 
have made it difficult to explore the other reasons for 
misdiagnosis. The low prevalence of patients with trauma 
at the first presentation remains limited; and the sample 
size may have also decreased the reliability of our statisti-
cal results.

Conclusions
In conclusion, 0.8% of patients with RB experience sys-
temic or ocular trauma as their first presentation. The 
median age during the first visit was 20.7  months, and 
the majority of tumors were unilateral and in advanced 
stages. All patients with body trauma were suspected 
of RB, however, there were 8 patients who experienced 
ocular trauma (27%) who were misdiagnosed. A lack of 
comprehensive examination, such as CT scans, evaluat-
ing trauma-related ocular signs masking the finding of 
RB, and shortage of qualified ophthalmologists in rural 
areas must be considered as major factors that contribute 



Page 7 of 7Fang et al. BMC Ophthalmology           (2023) 23:81 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

to the misdiagnosis of RB. Most children had a favorable 
prognosis, even though the global salvage rate was rela-
tively low. We recommend that careful examinations for 
accidental ocular trauma in children be performed, and 
RB should always be ruled out in the first place.
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